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PREFACE

This volume provides abstracts and indexes for AGARD publications published during the period
1974 - 1976, By an arrangement with the US National Aeronautics and Space Administration in
Washington, the NASA computerized data base has been used to prepare this publication. -•

,Full bibliographic citations and abstracts for all the documents In this publication are given in the
abstract section, which is organized in the 10 major subject divisions and 74 specific categories used
by NASA In its abstract journals and bibliographies, 'The major subject divisions are listed in the
Table of Contents, together with a note for each that defines its scope and provides any cross.
references. Category breaks In the abstract section are identified by category number and title, and
a scope note, Withir, each category, the abstracts are arranged by series and year. N10,000 series
(STAR) items appear before X70,000 series items. Examples of typical citations with abstracts are
given following the Table of Contents.. C..

(>There are five indexes: Subject, based on NASA Thesaurus nomenclature; Personal Author;
Corporate Source; Report/Accession Number; and Accession/Report Number. Sample entries are
shown on the first page of each index.

There are now five volumes in the current AGARD Index Series

- AGARD Index of Publications 1952-1970
Part I: Abstract Section June 1972

- AGARD Index of Publications 1952-1970
Part I1: Subject Index October 1972

- AGARD Index of Publications 1952-1970
Part Il1: Author Index BS
Part IV: Addendum to Part I Bound together September 1974

- AGARD Index of Publications 1971-11973 November 1974

- AGARD Index of Publications 1974-1976 September 1977

Copies of these Indexes may be obtained from National Distribution Centres for Unclassified
AGARD Publications (see outside back cover), or in case of difficulty from AGARD Headquarters,
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TABLE OF CONTENTS o0 RESEARCH AND SUPPORT
FACILITIES (AIR) 109

Part 1 : Abstracts Includes airports, hangars and runways; aircraft
repair and overhaul facilities; wind tunnels; shock

AERONAUTICS tube facilities; and engine test blocks.
For related information see also 14 Ground SupportIncludes aeronautics (general); aerodynamics; air Systems and Facilities (Space).

transportation and safety; aircraft communications
and navigation; aircraft design, testing and perform-
ance; aircraft instrumentation; aircraft propulsion and ASTRONAUTICS
power: aircraft stability and control; and research Includes astronautics fgeneral); astrodynamics;
and support facilities lair). ground support systems and facilities (space); launch

For related information see also Astronautics. vehicles and space vehicles; space transportation;
spacecraft communications, command and tracking;

01 AERONAUTICS (GENERAL) spacecraft design, testing and performance; space-
craft instrumentation; and spacecraft propulsion and

02 AERODYNAMICS 23 power.
Includes aerodynamics of bodies, combinations, For related information see also Aeronautics.

wings, rotors, and control surfaces; and internal
flow in ducts and turbomachinery. 12 ASTRONAUTICS (GENERAL) N.A.

For related information see also 34 Fluid Mechanics For extraterrestrial exploration see 91 Lunar and
and Heat Transfer. Planetary Exploration.

03 AIR TRANSPORTATION AND SAFETY 43 13 ASTRODYNAMICS NA.
Includes passenger and cargo air transport Includes powered and free-flight trajectories; and

operations; and aircraft accidents. arbit and launching dynamics.
For related information see also 16 Space

Transp~ortation and 85 Urban Technology anldTransportation. 14 GROUND SUPPORT SYSTEMS AND
FACILITIES (SPACE) NA.

04 AIRCRAFT COMMUNICATIONS AND Includes launch complexes, research and production
NAVIGATION 49 facilities; ground support equipment, e.g., mobile

Includes digital and voice communication with transporters; and simulators.
aircraft; air navigation systems (satellite and ground For related information see also 09 Research and
based); and air traffic control. Support Facilities (Air)

For related Information see also 17 Spacecraft
Communications. Command and Tracking and 32 15 LAUNCH VEHICLES AND
Communications. SPACE VEHICLES NA.

Includes boosters; manned orbital laboratories;
05 AIRCRAFT DESIGN, reusable vehicles; and space stations.

TESTING AND PERFORMANCE 64
Includes aircraft simulation technology. 16 SPACIE TRA1ISPORTATION NA.
For related information see also 18 Spacecraft Includes passenger ahd cargo space transportation.

Design. Testing and Performance and 39 Structural e.g.. shuttle operations; and rescue techniques.
Mechanics. For related information see also 03 Air Transporta-

tion and Safety and 85 Urban Technology and
06 AIRCRAFT INSTRUMENTATION 77 Transportation

Includes cockpit and cabin display devices: and
flight instruments. 17 SPACECRAFT COMMUNICATIONS,

For related information see also 19 Spacecraft COMMAND AND TRACKING NA.
Instrumentation and 35 instrumeniation and Photog- Includes telemetry. space communications net-
raphy. works; astronavigation; and radio blackout.

For related information see also 04 Aircraft
07 AIRCRAFT PROPULSION AND POWER 85 Communications and Navigation and 32 Communica-

Includes prime propulsion systems and systems tions.
components. e.g.. gas turbine engines and compres-
sors; and on-board auxiliary power plants for aircraft. 18 SPACECRAFT DESIGN,

For related information see also 20 Spacecraft TESTING AND PERFORMANCE NA.
Propulsion and Power, 28 Propellents and Fuels. Includes spacecraft thermal and environmental
and 44 Energy Production and Conversion. control; and attitude control.

For life support systems see 54 Man/System
06 AIRCRAFT STABILITY AND CONTROL 102 Technology and Life Support. For related information

ticludes aircraft handling qualities; piloting, flight see also 06 Aircraft Design. Testing and Performance
controls; and autopilots. and 39 Structural Mechanics.
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19 SPACECRAFT INSTRUMENTATIONJ N.A 32 COMMUNICATIONS 155
For related information see also 06 Aircraft Includes land and global communications' com-

Instrumentation and 35 Instrumentation and munications theory; and optical communications.
Photography. For related informetior see also 04 Aircraft

Communications and Navigation and 17 Spacecraft
20 SPACECRAFT PROPULSION AND Communications, Command and Tracking.

POWER 128
Includes main propulsion systems and components, 33 ELECTRONICS AND ELECTRICAL

e,g.. rocket engines; and spacecraft auxiliary power ENGINEERING 159
sources. Includes test equipment and maintainability.

For related information see also 07 Aircraft components. e.g., tunnel diodes and transistors.
Propulsion and Power. 28 Propellants and Fuels. microminiaturizatlon; and integrated circuitry
and 44 Energy Production and Conversion. For related information see also 60 Computer

Operations and Hardware and 76 Sofid-State
CHEMISTRY AND MATERIALS Physics.

Includes chemistry and materials (general):
composite materials: Inorganic and physical chem. 34 FLUID MECHANICS AND
istry; metallic materials; nonmetallic materials; and HEAT TRANSFER 176
propellants and fuels. Includes boundary layers; hydrodynamics; fluidics,

mass transfer; and ablation cooling.
23 CHEMISTRY AND MATERIALS For related information see also 02 Aerodynamics

(GENERAL) 129 and 77 Thermodynamics and Statistical Physics.
In:ludes biochemistry and organic chemistry.

24 COMPOSITE MATERIALS 130 PHOTOGRAPHY 184

Includes laminates. Includes remote sensors; messuring Instruments

and gages; detectors; cameras and photographic
25 INORGANIC AND PHYSICAL supplies; and holography,

CHEMISTRY 135 For aerial photography see 43 Earth Resources.
Includes chemical analysis, e.g.. chromatography; For related information see also 06 Aircraft Instrni.

combustion theory; electrochemistry; and photo. mentation and 19 Spacecraft Instrumentation.
chemistry.

For related information see also 77 Thermodynam-ics and Statistical Physics. 36 LASERS AND MASLERS 185

Includes parametric amplifiers.
26 METALLIC MATERIALS 136

Includes physical, chemical, and mechanical 37 MECHANICAL ENGINEERING 187
properties of metals, e.g.. corrosion: and metallurgy. Includes auxiliary systems (non power); machine

elements and processes, and mechanical equip-
27 NONMETALLIC MATERIALS 143 ment.

Includes physical, chemical, and mechanical
properties of plastics. elastomers, lubricants, pol- 38 QUALITY ASSURANCE AND
ymers. textiles, adhesives, and ceramic materials. RELIABILITY ISO
25 PROPELLANTS AND FUELS 4 Includes product sampling procedures and tech.

Includes rocket propellants., igniters, and oxidizers, niques; and quality control
storage and handling; and aircraft fuels.

For related information see also 07 Aircraft 39 STRUCTURAL MECHANICS 192
Propulsion and Power, 20 Spacecraft Propulsion Includes structural element design and weight
and Power, and 44 Energy Production and Conver. analysis; fatigue; and thermal stress.
sion. For applications see 05 Aircraft Design, Testing

and Performance arid 18 Spacecraft Design. Testing

ENGINEERING and Performance.

Includes engineering (general); communications;
electronics and electrical engineering; fluid mechanics GEOSCIENCES
and heat transfer: instrumentation and photography;
lasers and masers: mechanical engineering: quality Includes geosciences (general); earth resources,
assurance and reliability; and structural mechanics. energy production and conversion; environment

For related information see also Physics. pollution; geophysics; meteorology and climatology.
and oceanography.

31 ENGINEERING (GENERAL) 146 For related information see also Space Sciences.
Includes vacuum technology; control engineering.

display engineering; and cryogenics. 42 GEOSCIENCES (GENERAL) N.A.
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43 EARTH RESOURCES N.A. 55 PLANETARY BIOLOGY N.A.
Includes remote sensing of earth resources by Includes exobiology; and extraterrestrial life.

aircraft and spacecraft; photogrammetry; and aerial
photography.

For Instrumentation see 35 Instrumentation and MATHEMATICAL AND COMPUTER
Photography. SCIENCES

Includes mathematical and computer sciences
(general); computer operations and hardware;

44 ENERGY PRODUCTION AND computer programming and software; computer
CONVERSION 201 systems; cybernetics, numerical analysis; statistics

Includes specific energy conversion systems, e.g. and probability, systems analysis; and theoretical
fuel cells and batteries; global sources of energy, mathematics.
fossil fuels; geophysical conversion: hydroelectric
power; and wind power. 59 MATHEMATICAL AND COMPUTERI For related information see also 07 Aircraft SCIENCES "GENERAL) 243
Propulsion and Power, 20 Spacecraft Propulsion
and Power, 28 Propellants and Fuel,, end 85 60 COMPUTER OPERATIONS AND
Urban Technology and Transportation. HARDWARE NTA.

Includes computer graphics and data processing
45 ENVIRONMENT POLLUTION 202 For components use J, Electronics and Electrical

Includes air, noise, thermal and water pollution: Engineering.
environment monitoring; and contamination control. 61 COMPUTER PROGRAMMING AND

SOFTWARE N. A.
46 GEOPHYSICS 203 Includes ccinputer programs, routines. and algo.

Includes aeronomy; upper and lower atmosphere rlthms.
studies: ionospheric and magnetospheric physics;
and geomagnetism 62 COMPUTER SYSTEMS 245

For space radiation see 93 Spare Radiation. Includes computer networks.

47 METEOROLOGY AND CLIMATOLOGY N,A. 63 CYBERNETICS NA.
Includes weather forecasting and modification. Includes feedback and control theory.

For related information see also 54 Men/System
Technology and life Support.

48 OCEANOGRAPHY NA,
Includes biological, dynamic and physical ocesnog 64 NUMERICAL ANALYS1S NA,

raphy. and marine resources. Includes iteration, difference equations, and

numerical approximation.

LIFE SCIENCES 65 STATISTICS AND PROBABILITY N. A.

IniJudes life sciences (generall, aerospace medi- Includes data sampling and smoothing; Monte
cine; behavioral sciences; man/system technology Carlo method; and stochastic processes.
and life support; and planetary biology.

66 SYSTEMS ANALYSIS NA.
Includes mathematical modeling; network analysis,

51 LIFE SCIENCES (GENERAL) 209 and operations research
Includes genetics.

67 THEORETICAL MATHEMATICS N.A.
52 AEROSPACE MEDICINE 222 Includes topology and number theory

Includes physiological factors; biological effects of
radiation; and weightlessness. PHYSICS

Includes physics (general); acoustics; atomic and53 BEHAVIORAL SCIENCES 235 molecular physics; nuclear and high-energy physics,
Includes psychological factors. individual and group optics; plasma physics; solid-state physics; and

behavior; crew training and evaluation; and psychiatric thermodynamics and statistical physics.
research. For related information see also Engineering.

54 MAN/SYSTEM TECHNOLOGY AND 70 PHYSICS (GENERAL) 250
UFE SUPPORT 241 For geophysics see 46 Geophysics. For astrophysics

Includes human engineering, biotechnology; and see 90 Astrophysics. For solar physics see 92
space suits end protective clothing. Solar Physics.
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71 ACOUSTICS 256 83 ECONOMICS AND COST ANALYSIS 269
Includes sound generation, transmission, and Includes cost effectiveness studies.

attenuation
For noise pollution see 45 Environment Pollution. 84 LAW AND POLITICAL SCIENCE N.A,

Includes space law; international law; international
72 ATOMIC AND MOLECULAR PHYSICS N.A. cooperation; and patent policy.

Includes atomic structure and molecular spectra.
85 URBAN TECHNOLOGY AND

73 NUCLEAR AND HIGH-ENERGY TRANSPORTATION 270
PHYSICS NA. Includes applications of space technology to urban

Includes elementary and nuclear particles; and problems; technology transfer; technology assess.
reactor theory. rnet; and surface and mass transportation.

For space radiation see 93 Space Radiation. For related information see 03 Air Transportation
and Safety, 16 Space Transportation, and 44 Energy

74 OPTICS 260 Production and Conversion.
Includes light phenomena.

i. 75 PLASMA PHYSICS N.A. SPACE SCIENCES
it .'Includes magnetohydrodynemics and plasma Includes space sciences (general); astronomy;fusion, astrophysics; lunar and planetary exploration; solar

For Ionospheric plasmas see 46 Geophysics. For physics; and space radiation..
space plasmas see 90 Astrophysics. For related Information see also Geosciences.

76 SOLID-STATE PHYSICS N.A. 88 SPACE SCIENCES (GENERAL) N.A,
Includes superconductivity,
For related information see also 33 Electronics 89 ASTRONOMY N.A,

and Electrical Engineering and 36 Losers and Includes radio and gamma-ray astronomy; celestial
"Masers, mechanics; and astrometry.

. 77 THERMODYNAMICS AND 90 ASTROPHYSICS N.A,
STATISTICAL PHYSICS NA. Includes cosmology; and Interstellar and In-

Includes quantum mechanics; and Bose and Fermi terplanetary gases and dust.
statistics.

For related information see also 25 Inorganic and 91 LUNAR AND PLANETARY
Physical Chemistry and 34 Fluid Mechanics and EXPLORATION N.A,
"Heat Transfer. Includes planetology; and manned and unmanned

flights.

SOCIAL SCIENCES For spacecraft design see 18 Spacecraft Design,T'esting and Performance. Foi space stations see
Includes social sciences (general); administration 15 Launch Vehicres and Space Vehicles.

and management; docUmentation and Information
science; economics and cost analysis; law and political 92 SOLAR PHYSICS N. A,
science, and urban technology and transportation. Includes solar activity, solar flares, jolar radiation

80 SOCIAL SCIENCES (GENERAL) N.A. and sunspots.
Includes educational matters 93 SPACE RADIATION N. A.

81 ADMINISTRATION AND Includes cosmic radiation: and inner and outer

MANAGEMENT 262 earths radiation belts.
For biological effects of radiation see 52 AerospaceIncludes management olanning and research Medicine For theory see 73 Nuclear and High-Energy

82 DOCUMENTATION AND PhysIcs.
INFORMATION SCIENCE 263

Includes information storarge and retrieval technol- GENERAL
ogy; micrography' and library science.

For computer documentation see 61 Computer 99 GENERAL 272
Programming and Softwore.
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TYPICAL CITATIONS AND ABSTRACTS

LIMITED DISTRIBUTION SERIES

NASA ACCESSIONj
X7- X 72034 Advisory Group foi Aerospace Research snd ý CORPORATE SOURCENUMBER Development. Paris (France)

USE OF PRECISIONd POSITIONING SYSTEMS BY NATO,
4VO_ - - - PUBLICATION

Jul. 1976 1
TITLE ------ AGARO*AR.BB.VoI.1) Avail Advisory Group for Aerospace DATE .

Research and Deveo~pment. Paris. France NATO- Classifiedl
AVAILABILITY

NOTICE. AvaIlabils to U S Government Agencies.
REPORT NUMBER

* An evaluation of the potential applications within NATO of
DISTRIBUTION a pracislon positioning system IPPSi. as exempified by the DOCUMENT

u.s. NAVSTAR Global Positioningp System -in presented Special CLASSIFICATIONI
LIMITATION emphasis Is placed on a qualitative and quantitative evaluation

of the impact of increased position information accuracy an the AB3STRACT
tactical air attack capability of NATO in Europe in the 1980's
arid beyond The study concludes that a secure and very precise
PPS is feasible With such a system, the all-weather attack
capability on quasi jatationary targets is so promising that
continuing operaticIia manaysis should be performed Author

UNLIMITED DISTRIBUTION SERIES

NASA ACCESSION . . _ _ _AVAILABLE ON
NUMBER .. ~N75-464 AdyI r Group for Aerospce Research mnd MICROFICHE

Development, Paris (France).
TITLE R.J ADIATION COOUING OP THRUST NOZZLES

J. J1. Bernard Pa11iris UnIv.) and J. Genot IONERA) Mar. 1975
SII p refs CORPORATE

-- 4AGARD-AG-184; AGAfibogroph.184) Avail: NTIS HC 56.75 SOURCE
AUTHORS -CSCL 21H

Various heat transfers by radiation wour on the wait of a
propulsion system. and the calculation of such host transfers in
axstismmetrical thrust noaxles is presented. the functions for

REPORT eachanges between Isothermal lines on the surface of revolution - PUBLICATION
NUMBERS - or plane croea-sections slightly inclined to the parallel lines are DATE

also shownr. Numerical results see given in the form of universal _________

functions of the geometrical parameters for the meridian. The
diagrammatic configurations for the most usual type of noinles.

COSATI and the directly usable vilues of the transfer functions dire AALBLT
CODE qutd uhrSOURCE
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AGARD INDEX OF PUBLICATIONS (1974- 1976)

ABSTRACT SECTIONI
01A R N U IS(ENE RAL) concepts are described to outline srine or the options currently

01 A 0N TIC Gbeing develoiped Two le-lptheories pescb which provide

aerodynamic high lift performance characteristics of powered lift
sysltems Author

N 75,14710O# Advisory Group lor Airrosatrrir Rsiteriucli aind
Development. Paris (F~ranco)i N75.21221 *Massticruch rlnrrr-oekow Blutim G in 1) H .Munich
AGARO HIGHLIGHTS, MARCH 1974 (West Goinkirnyl
Mar 1974 30 p COMPATIBILITY OF TAKE-OFF AND LANDING WITH
(~ AOARD.Hlglrlights 74/t) Avait NTtS HC S3 75 MISSION AND MANOEUVRE PERFORMANCE REQGUIRE

'he activities arid accomplishments of tire Advisory Giouti MINTS FOR FIGHTER AIRCRAFT
for Aeirospoac Research and Development (AGARD) during the Dister Reich and Josef Wimbouet In AGARD Take-off arid
first quarter of 1974 are discussed Some orf tire subjects Landing Jan. 1675 7 p refs (For availability see N76-21211(
miltiary requiramairls at reduced cost. i2) preliminary designi By means Of an aircraft synthesis program, the effect of
applications for iedcirc developmienit, production, arid opetrationral engine cycle. thrust to weight ratio, end wing parerneter
costs of aircraft systemrs. 13) aitmrosphate pollution by aircraft combination on field and flight performance has been investigated
engines, end (4) design and development of large wind tuinnels For three different engine/intake configurat ions. thrust to weight

Author ration and wing loading were varied Each cormbinationn represents
r an aircraft designed to meet a specified mission radius. Using

d ifferent lift sysfems and ground deceleration devices. tho
conitonsar hown under which a imitching of flight arid field

N75-1471 lff Advisory Group for Aerospace Research and performance, isecononrically feasible Author
Development, Paris iFrencoI
THE FERKINS-GLASSER LECTURES, MARCH 1974
Sep 1974 27 p in ENGLISH. partly in FRENCHI
iAGARD-Highlightni.74/2j Avail NTIS HC S3 75 N75-211222 Aeroepotiale Usines do Toulouse lFrance).

An address to the Advisory Group for Aerospace Reseatrsh GENERAL CRITERIA FOR T14E DEFINITION OF TAKE-OFF
and Developmrent (AGARD) which was delivered in September. AND LANDING OF AN AIRCRAFT WITH NONLIMITID LIFT

p1974 is presented The surbject of the address is the Impact of (CRITIRS1111 GEINERPAUX POUR LA DEFINITION AU DECOLL-V .'Research arid Developmnrrt ort the United States Air Force Soimre AGE ET A L'ArTTRRISSAGE D'UN AVION NON LIMITS
of the topics considered iii the address are (1) the National IN PORTANCE I
su pport of research. 12) basic and applied research in the Air C Pulogattl end T. Markham (British Aircraft Corp.. Bristol,
Force. (3) development of inristial guidance systeams, and 14) England) In AGARD Take-off and Lending Jan 19715 f1 p
dievelopmentl of eloietrcnic digital computer Areas of intervst In FRENCH (For availability seani N75-212t9 13-01)
invuolvedi the methlodis lto fuinding nresearch arid devyelopirrarrl The performance of a slender wing aircraft configuration with
activities and the process for iraking new techinology iavaiable, unlimited lift was studied. A description is given of the approach
to industry Author process. aerodynamic characteristics, and certification regulations.

The optimization of oharacteristics based on speed was devetoped I
after considering examples fromt the Concorrie

N75.21219# Advisory Group for Aerospace Research and Transi by E Il.W
Development. Paris (France). i
TAKE-OFF AND LANDING N7S.21223 Bloeing Commercial Airplane Co.. Sleatlie. Wash.
Jan 1975 300 p refs Presenfed at 44th Meeting of the TERMINAL ARIA CONSIDERATIONS FOR AN ADVANCED
Flight Mach. Panel of AGAIID, Edinburgh, 1.4 Apr 1974 OTOL TRANSPORT AIRCRAFT
IAGARD-CP* 160) Avail NTIS HC S8.75 Mark 8. Sussmarn In AGARD Toke-off and Landing Jern.

Teproceedings of a conferencre on aircraft takeoff and lending i951 Cotrc raf1t (orlavilbit N-2 19101
are presented The subjects discussed include the following illCotat A1-108
aircraft design optimization, (2) energy mansagement, (3) aircraft Projected future conditions at largo urban airports were used
stability and control characteristics. (4) aircraft guidance using to identify design objectives for a long-haul, advanced transport
ground based and eirborne equipment, and (5) operational aspects airplane Introduced for operation in the mid-l9B0s. Operating
of approach control with short takeoff aircraft For individual constraints associated with airport congestion and aircraft noise
titles. see NIU-21220 through N75-21241 arid emissions were of central Inteurest in addition, some of the

interaction of these constrainits with aircraft tuel usage were
identified. The study allowed for advanc-Ad aircraft design features
consistent with thes future operating periodt A baseline 200

N75-212201 National Aeronautics and Space Adminristration pas senger airplane design was modified to comply with rtaslgn
Langley Research Center, Langley $lttion, Va. requirements Imponed by terminal area constraints. Specific design
HIGH-LIFT AERODYNAMICS: TRENDS. TRADES. AND changes Included: i1l modification of engine arrangement, wing
OPTIONS rilanform: (2) drag and spoiier surfaces; (3) secondary power
RicrhardJ Margasori and Harry L Morgan. Jr In AGARD Take-off systems: (4) brake and landing gear characteristics; and 15i the
and Landing Jan 197 5 11 p rats (For availability see N7b-2 12 19 aircraft avionics. Thetse changes. based on exploratory design
13-0t) eatimales alid allowing for technology advanice, were lurtued to

The trend toward the utilization of higher maximumor lift enable the airpiane to. reduce wake turbulence, handle steeper
coefficient with increasead aircraft size snd cruise velocities is descent pathst with fewer limitation dire to engine characteristics,
discussed The impact of this trend on the need for tradeoffa reduce runway occupancy tinmes, Imnprove, conirrurrity noise
between cruise performance and takeoff, climnb. and eanding contours; and reduce tire total engine amittante deposited In
performance is exanrined Theoretical methods for the analysis the terminal ares. The penalties to airplanes performance end
of the two-dimnrrsional chraracteristics of flap systenms are operating cost associated with iniprovinig tire terminrral areas
described and compared with airperimerital data Four powered-lft rcharacteristics of the airplane ware assessed Finally. kay research



01 AERONAUTICS (GENJERAL)

problemrs requirioli solution in order to validate ilia assumed K-H Doetach. Jr. In AGARD Take-off and Landing Jon
advanced airplane technology were identified Author 1975 17 p refs (Frw availability see N75-212 19 13-01)

(Contract F33616-71.C-1722)
Cotirideratiori is given to sorme at the factors which distinguish

N75-21224 Sorvriru Technriqiie doa t'Airoiijitirtii. Pariirs (France) the longitudinal handilirng qualities of S101 aircraft fromn those
BRAKING PERFORMANCE$ of the CTOL class anid to the influernce of these differences on

(3eoijeu Leitaic o AG P0taki - tt tiri trndiig Jn 9;)flot's upinirirni Tire effects of wind, wind %hear. trilm 51,eed.
thrust vector inclination, speed coupling, pitch chracteristics and

N76 p11 13 r OFEC. N ISiiiirrrii o aiiiliiyst of using different control technique Options on flight-pith contrail

Ourring Laindmiii oi ilimirtijil tiikir uft. the brrakirng distiarcei ar iscussed briefly In flight evaluations of varisation In some

uro ntepoirdrifi on1 tile spurnd allowedi iry higl lift devices Urnd on, of these paraentetrs provided a basis fit asusessning their tilative
ilhe Kirritic onirrrly whinch rirrist he csfirtiuirtid ry thre hraikiiig SisyserrIS imrptortuance to ilie pilot when hie was faced with a demainding
icr;Guritiii to tile aviii Iii fict n itnu coeffir~mirit of nim ruinwiiy Studies instrumenrt approacth task Cont rol of pitch proved to be ~enrt ral

nit rns ast rou tiuir rot yt heni o eserreve s aeodynm~cto itra overall flighit pathn control task iind tilie tintn easily arid
studies Beside obiviousi interest for performances, it is necessary pirecisely the prilot couldt nionrlurto pitchr. tire irorif adverse tlire

to kow ow o deonirire tie sfet marinswhih hae t bespeed coupling effects he was prepared to tolerato. For the
ta keno urn toki destermiela saccrdngto mactual whchdtioav tof the typical unaugmerited stability characteristics of the SlOL class
ruknway Forathenprdituios acof raking ditoanceual condtinshonstvu of aincrait eshibitling small model separation, the handling qualities
suheme Fof th riction hnofrrrakong westarunay comrdingsthe ware governed by the overall trusponses to control and disturb-

three zone's GROUCH model is proposed. The feet nesuitu obtained tnhe inptaractherisi euthan bytelcAouf nl e otshof
with CARAVELLE Aircraft confirm that the proposed model isnh hrceiti qainAto
correct and that it cdii give it satisfactory prediction of the braking
distance Author NIS.21220 Royal Nelherlards Aircraft FcoisFokker.

Schiphol.Oost.
LOW-SPEND BTASILITY AND CONTROL CIIARACTERII.11

N7S2125 Ar orc Flgh Dyam~s ab Wrgh-PateronTICS OF TRANSPORT AIRCRAFT WITH PARTICULAR -

AF6. Ohio REFERAINCE TO TAILPLANK DESIGN -

TRADEOFF PARAMETERS OF ALTERNATIVE TAKEOFF E Obert In AGARD Take-off anti Landing Jan 1976 18 p
AND ANDNG IDS(For availability see N76-2 (219 13-01l

Kennerly H. Digges lit AGARO Take-off end Landing Jan For rnodernt trairsport aircraft generally emphasis Is put on
1076 18 p raft (For availability see N75-2 1219 13-01) operational flexibility This means among other things firat the

Th vriusadsfo rdcig akof ndladigdistance ubility is required to operate at low take-off arird landing speeds
The variousedteluc aids freuingctakef nrdce landingctput outder a wide range of loading conditions Consequently the

areaioa envelopee ohf launc aidsaf Include roke assist cangeputif
and powered lift Thu landing aids rinclude reversed turbojet thrust, oeainlaieoao h icstcvt sg ag flf

pamairues nd hee fiake. Nw tehnoogyairredat eduingcoefficients anid C.G positions the ensuing requirements for
the weight or increasing the performance of landing aids is tiria designr of honI10ontal tail surfaces and elevators are difficult
indicated The ways iii which stopping distance is affected by to fulfil Someo of the low-speed tailplane arid elevator problems
varitiorts in priratanotri such as lift coefficient, drag coefficientracsied rtulrrfnc.stadtohepsbltyf
reversed thrust, larndingJ velocity and runway frictionr coefficieint tailplana Mtall Some related experiernce obtained in the design
are slown. Auithor an d flight testing of the Fokken-VFW F-2 7 end P-28 is dlie-

cussed Author

N75-21226 Rtoyal Aircraft Establishmeirt, Bedford (England) N75-212~30 Vereirrigle Flrjgtecrnische Worke-Fokluer 0 rn.b.H.
A TEC NIQUE FOR ANALYSING THE LANDING MA. rmnWstGrall

NOEUVRESOME LOW SPEED ASPECTS OF THE TWIN-ENGINE
R F A Keatinrg /if AGARD Take-off and Landing Jan (975 SHORT HAUL AIRCRAFT VFW 514
12 p raft (For availability usee N75-2121(9 13-01) Hartmut Oriem Jiuergen Binch*, Hune J. Behirunhera. and Guenther

Suisostegrdetaviation have highlighted the need(ret ttAAD TkofaidLnng J.195 1p
tofind the unrderlyirng piloting strategy of landings. A graphic Krate For availbiit sekeN7-of 1n Lanin (3n-01)S

presentatiorn of lairding records is put forward which, it ia hoped.ThflhtcacersisoteVF 81,hotau
will assist in the solutiont to this problem. By expressing the aicaThae dlighshrcuted. sthewipc apcs of thre ai 14 hrcat hare
pilot's longitudinal control activity as equivalent speed and climbaicftamdsue.Thlo pdapcsofhsariilst
rate demands. it is possible to plot simultaneously the aircraft anaiyzed with respect to. (il winig stall aerodynamics. 12) tail

-i -motion and thea control strategy against the performance chart stali aerodynarnics. 13l longitudinal control, and (4) iateral/
ax a reference grid. By suitable choice of axis scaling, the aircraft's directional control. The aircraft design criteria are identified The

resprre to impe cotro inut tace cutsimle gomericdimernsions and conrfiguratiorns of the aircraft controls are tabulated
reponsteri o siml ciri trol arsisnput a tares giout cut(lightmdati, Flight test results are summarized. Author
prinicipally of the H-S (25 in trorniral. stoop and two segment
approaches. Power mrargrins arid target speeds, are discussed for N 76-21231 British Aircraft Corp . Weybiridge (Enigland)
thaese examples Author Commercial Aircraft Div.

DIRECT LIFT CONTROL APPLICATIONS TO TRAN4SPORT
N76-21227* Nationai Aeronautics and Spae Admianistration AIRIC.RAFT: AlU VIEWPOINT
Ames Research Center, Moffett Field, Calif. M A.Smith / i AGAFID 1ake-off arid Landirng Jair. 197b
STABILITY AND CONTROL HARMONY IN APPHOACH AND 10 p rats (Fur availability see N715-21211 13-O1l
LANDING The loingitudlinal conrtrollability of large conventional trens.

SethB Aideroir fir GAR Tae-of en Laning Janport aircraft during the approach and landing flight phases, and
1975 8 a refs (For availability seea N75-2t1219 13.01) of conventional high lift 'STOL' aircraft during short landing&, is

A reiewof h" fctos wichaffet sabiity ridconroldiscussed. Tile advantage of a direct lift control system (DLC)Iis
A reiewof It fctos whciraffct sabiityaridconrolindicated, end a practical design, using wing spoilers, is described.

haririony in atpproach and landing is rrrade to obtain a clearer
uniderstarrding of tho protter relationship. the trade-offs Involved, with its disadvantages. Threoretical and flight simulator nvestige-
ant) to show how limits itt stability and control harmony era lions on the VC. 10 aiurcraft. arid the SAC 1-Il aircraft are
astilbiushed Ior advanced aircraft Factors which Influence stability described, together with investiguatiorns of similar systems for
and control harmony include the onriglitudinal short period response Somereceing Invesatomaticn landin DC auppeicationth eto a ronf
of tilie aircraft and the level of aevaral pitch control characteristicrSm eetivsiain i I pucto oaSO

rincludrott control poweir. control senseitivity. arid comntrol feel. At aircraft are rioted It is concluded that DLC applications cair
low stability levels for advanced aircraft, less convenrtional control inmprove controiiability arird performance for moat transport aircraft.
techinun1luieS such ats OLC are needed to inupfove harmony and A moroi detailed study Is requited for each application before lits
some form of stabillity auigmeuntation moist be provided to Improve App vlcation of DIG ouscon ventiona lifget STOL ar aircraftlos
precession of flightl path control and reduce pilot work loadAplcto ofOCocnvtialit TLiratlok

Author attractive for achieving satisfactory flare performance Author

N75-21228 Natiotial Aerornautical Establishirment. Ottawa 1175-211232 Meesierschmitt-Boeiko~w-Bloiorr G.irthH - Munich
(Onitario) (West Glermntryl
THE INFLUENCE OF STOL LONGITUDINAL HANDLING INVESTIGATIONS ON DIRECT FORCE CONTROL FOR4 CCV
QUALITIES OF PILOTS' OPINIONS AIRCRAFT DURING APPROACH AND LANDING
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Wolfgang J Kubbat In AGARD Take.off and Landing Jan ALL-WEATHER LANDING SYSTEM FOR MERCURY ILE
1975 11 p (For availability see N75-21219 13-01) SYSTEME D'AI"tERRISSAGE TOUS TEMPS DU MER-

The aerodynamic characteristics of control configured vehicles CURE I
(CCV) with direct force controls (DFC) are discussed The following Armand Pile /n AGARD Tqke-off and '.arrding Jan 1975
spouts are considered 111) the influence of the controls on the t 1 p In FRENCH (For availability sue N75-21219 13.01)

natural stabliltv, M2) the influence of DFC on the controllability Prirncilel haleoterlotius of the AIR-INTER version of err
of the aircraft. (3) the Integration of the DFC with the control all-weather landing system with collimators for Mercury are
system in CCV designs. (4) the behavior of CCV aircraft with outlined Tranal by E.H.W.
DFC during approach and landing, and 15) the relationship of
the results presented in the basic CCV concept Author

N76-21237 Office National d Etudes at de Recherchee

N71-21233 Yingling (George LI,) Dayton. tiio Aerospltiales. Pairs (Franca).
GUIDANCE PHILOSOPHY FOR MILITARY INSTRUMENT RElUIRED PILOT CUES AND DISPLAYS FiN TAKEOFF
LANDING AND LANDING
George L. Yingling In AGARD Take-off and Landing Jan. Jean-Claude Wanner In AGARD Take-off and Landing Jan

o lsee N7.212l 1301) 1975 14 p in FRENCH: ENGLISH summery (For ivillability
Instrument lendling guidance philosophy for military aircraft so* N75-21219 13.D1 )

Is affected by the type of operation, the nature of the environment, A model of pilot behavior during the takeoff and landing
the kind of aircraft involved and system dynamics considerations. phas$ of flight was constructed. The model wee used to determine

udrequirements re inseparable from the necessary cues and in turn the parameters which have to
control dynamics and tradeoffs ariat betwileo the two in arriving be displayed in order to minimize the pilot work load and improve
at an optimum solution for particular cases. In some countries, flight safety. A future cockpit display was designed, based on
compatibilty and interoperlbitlity with the civil system is the display paremeters. The main pert of the system is a heod-up
considered important If not essential. The National Microwave dlplay presenting the ground track of the sit velocity vector
Landing Syslem program in the USA Is of great Interest and the total climb angle With these two parameters the pilot
Internationally. and the USA Department of Defense is can directly control the airpath, knowing exactly the necessary
supporting, at present, the goal of a common civil/military rating of the engines end observing a correct safety margin for
system. Representative unclassified operational requirements are the angle of attack. Author
reviewed as a lead to discussing the various factors having an
impact on choice of guidance philosophy. The single most
Important consideration Is the choaie of technique to overcome
landing guidance system multlpath effeots. The choice of technique
must satisfy the many system dynamic considerartons 2nd present
field tlst programs must provide clear and valid engineering N75.2-231 Ministry of Transport, Ottawa (Ontario).
date upon which to base a decision. A system solution to a SOME DHC-. TWIN OTTER APPROACH AND LANDING
hypothetical but representative military situation is presented for EXPERIENCE IN A 8TOL SYSTEM
discussion purposes. In addition a requirement for an all-aIrborne. Richard P. Bentham In AGARD Take-off and Landing Jan.
seIf-oontalned landing system Is discussed. Author 1975 11 p (For avallability see N75,21219 13-01)

The Canadian Government's decision to introduce a STOL
demonstration service revealed a need for practical data and
flight experlence to assist in aircraft approval end development
of safe operational procedures. From 1971 to 1973, a series of

N7B-21234 Royal Aircraft Establishment, Bedford (England). flight tests concerned with the steep approach and landing teak
THE IMPROVEMENT OF VISUAL AIDS FOR APPROACH were carried out, initially in a DHC-a-1iO0 Twin Otter and later
AND LANDING In a DHC.-U.300S. Approach angles of 8 dog, 7 deg, and 8 dog
A. J Smith and D. Johnson In AGARD Take-off and Lending were assessed In terms of pilot work load and aircraft touchdown
Jan. 1975 16 p rael (For availability see N75-21219 13-01) and landing distances. Other relevant factors peculiar to the steepThe effect of tog on the operational capability of runway approach and landing task were Investigated Including traniltlon

lights is discussed. A study on the variations of fog gradiients from en-route guidance to approach guidance, crew co-ordination.
with altitude Is reported. Improvements in approach and runway night operation, missed approach and engine out missed approach,
lighting to overcorno the attenuation caused by fog are described. and approach turbulence and wind shear. Comm unity noive
The chtaracteristics of a precislon approach path indicator for sensitivity was closely monitored. The flight test program resulted
steep gradient end two-sogment approaches are analyzed. The in some modifications to the production aircraft, the development
author states that landings made using tire improved equipment of approach and landing operating procedures and the definition
have been achieved with a touchdown scatter that is much of eoine potential problem areas. Author
smaller than is normally achieved Aulher

N76-21235 Natlonal Aerospace Lab.. Amsterdam INotherlands).
FLIGHT TESTS WITH A SIMPLE HEAD-UP DISPLAY USED
AS A VISUAL APPROACH AID N75-21239 Air Force Flight Test Center. Edwards AFB, Calif.
6t L. Lamers Ir AGARD Take-off and Landing Jan. 1975 LOWe POWER APPROACH
II p rafn (For availability see N75-21219 13-01) 0. Lyle Schofleld In AGARD Take-off and Landing Jan. 1975

A simple heod-up display (HUD). giving only glide path 11 p refs (For availability see N75-21219 13-011
information wilh a depressed horizon bar, has been tested eta Discussions are presented on current final approachl-to.landing
an approach aid in visual flight conditions. An important procedures along with the realolonshrip of conventional approach
Improvement was observed in the accuracy of the glide path speeds to the lift to drag (L/D) relationships of aircraft. The
performance when approaches with tOe use of a HUD are characteristics of L/G relationahips are dlscussed in view the
compared with visual approaches without an approach aid. Using landing approach maneuver, Identifying the potential advantages
the HUD decreased lie atsrnderd deviations of height by a factor of operating on the front side of the L D curve. Flight experience
of 2 to 4 depending on ditance from the runway From this of low L/D, Idle power approaches using the front side of the
limited series of tests no significant differences in other flight L/D curve ara reviewed In light of the piloting task. The velocityparameters could be demoristrated. The subject pilots indicated convergenca relationship for operating on the front side of thea preferam ne fur use of the HUD during visual tpproerses, L/D curve are presented end the convergent characteristics for
eapecfally In frght uofrtJitons. Author both transport and fighter alrcraft are explored. Front side approach

and landing pmrformanrre for the KC-135A and T-38A aircraft
are presented. Convair 990 touchdorwn dispersions from low L/D,
Idle approaches are presented. Other significant advantages of

N76-21236 Awions Marcel Dassault.Breguet Aviation. Saint- thf low power, front aids L/D landing approach are enumer-
Cloud (France) lted. Author

1 !•.
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N76-21240 Deutsche Forechungs. und Vorr chsnntalt fuer aircraft buffeting and wingrocking. forms of fluctuating motion
Luft- und Raumfahrt, Brunswick (West Germany). which occur respectively in Structural and rigid.body modes I[
STEEP APPROACH FLIGHT TEST RESULTS OF A BUSI- these examples aircraft incidence may be regarded as the
NESS-TYPE AIRCRAFT WITH DIRECT LIFT CONTROL controlling parameter and the fluctuating motion is associated

with the existence of extensive areas of separated flow at high
P G Hamel, K K Wilhelm. 0 H Hanks. arrd H II Lengo Mr Incideirce A structure which falls into the type considered. is
AGARD Take-off arid Lirrding Jan. 1975 19 p rots (For the standard human-pilot model in which the Internal fluctuations
availability see N75 21219 13-01) are represented by a 'remnant' An example is discussed which

The trends ii• airciaft approach and landirg procedures Ore illustrates problems that can arise In the identification of this
1.uchr that inrcreasingly Gorse abatemrurt cunstraints iImipact on type of syitrlni when operating as part of a closed loop Author

vehicle flying (hnaidlirig) quhlitrus A ground- baad flight simulator
prugrariri arid COrcLUr1ritly i flight tlst prograrmi were conducted
using ii MBB HIB 320 Hoise Jut 3irplano which was retrofitted
with an anrllogurr fly-by-wiro flap and thrust corntrol systemn The
0irect lift control system was used for olloviating handling qualities

problems during steep noise-abatement landing approaches. A N75-29999 Calipai Corp. Buffalo. NY

variable direct lift control system wee made feasible for IDENTIFICATION OF NONLINEAR AERODYNAMIC STABIL.
optimization purposes by changing the gearing ratio of the electric ITY AND CONTROL PARAMETERS AT HIGH ANGLE OF
flap.elevator interconnect. Facilitation in pilot's workload and ATTACKimprovements In flight path control were analyzed by statistical B. J Eultich and E. 0. Rynaski In AGARD Methods for Aircraft
methods. Experiences gained by flight test results and noise State and Parameter Identiificatlon May 1975 15 p rest (For

measurements ahe v that routine 2-segment noise-blatement availability see N75-29997 21-011
approa.h paths cai, be introduced successfully when adequate (Contract F33615-72-C-1248)
path guidance. nuick-response flight path cnrrections and minimum A procedure is described for the estimation of the nonlinear

throttle activity urs possible. Author aerodynamic stability and control coefficients at high aircraft angles
of attack. It is based on a nonlinear, Iterated Kalman filter/fixed-
point smoother identification algorithm and a least sgqiares
equation error method. Key ingredients for successful identification
are the mathematical model. Instrrtmentatron system, control

N75-21241 Centre d'Essals en Vol. Bretigny-aur-Orge (France). inputs. and the Identification algorithm. The major emphasis is
MODERN MEANS OF TRAJECTOORAPHY IMOYENS placed on tie use of the Identification procedure In analyzing
MODERNES DE TRAJECTOGRAPHIE] high angle of attack flight data. Specifically, model form and
Alain Tert In AGARD Takeoff arid Landing Jan. 1975 15 p Initlal estimates are established from wind tunnel data using
In FRENCH (For availability see N75.21219 13.01) series expansions to represent the nondimenslonal force and

Various equipment and systeirs developed and utilized for moment coefficients for selected ranges of angle of attack This
take-off and landing trajectography of modern aircraft are high dlmensional representation is reduced by (1) preprocessing
examinod. The STRADA. LIDAR, and inertial navigation systems the flight data using the instrumentation system model and the
ate covered, systems are designed to measure trajectories six.degrea-of-freedom aircraft kinematic equations to perform
accurately and rapidly without error. Trensl. by E.H.W. optimal state estimation and hence decrease the offa•ts of

instrunrentation errors: and (2) separating the six equations of
motion into two separate four-degree-of-freedom systems: one
for extracting the longitudinal coefficients; and the other for tho
lateral-directional coelficients. Specific problems associated with

"the identification procirdure at high angles of attack and parameter
N75-29997# Advisory Group for Aerospace Research and identIflabllity probleir, caused by poorly conditioned flight data

Development. Paris (Frantce). are reviewed Selection, of tie coordinate system for the aircraft
METHODS FOR AIRCRAFT STATE AND PARAMETER modal, the determination of the initial covarlance estimates. and
IDENTIFICATION the mcasurorient arid process noise statistics required to use
May 1975 440 p rats Meeting held at Hampton, Va., 5-8 Nov tire Iterated Kalmar technique are discussed Author
1974
IAGARD-CR- 172) Avail: NTIS HC S1 1.25

Papers which discuss and compare results ob~alned with
different parome'er identification techniques applied to specific
fighter aircraft at high angles of attack, subsonic, and supersonic
transports, VTOL and STOL aircraft, and helicopters are presented N75-30000 Societe Nationals lrdustrielle Aerospatiale. Toulouse
Special problems areas such os systems modeling with high (Fronce).
internally generated fluctuations. aircraft state estimation in METHODS USED FOR OPTIMIZING THE SIMULATION OF
no!.steady flight, and parameter identification for nonlinear CONCORDE SIT USING FLIGHT TEST RESULTS
aerodynamic regimes are covered. For individual titles, see Jacoues Tawdy hI AGARD Methods for Aircraft State end
N75.29998 through N75-30026. Parameter Identificition May 1975 10 p (For availablilty sad

N75.29997 21.01)
The elaboratrr calculation means provipdid by o simulator

ware used Ir the desrgn of CONCORDE Different simulators of
more and more sophiatinited design, were installed from a fixed
base inalog siniulator to the present simulator which is described.

N7O2999N Royal Aircraft Establish Aent. Bedford LEngland) This simulator is used for vnaious design purposes development
MODELLING OF AL STEMS WITH A HIgH LEVEL OF studies for the aircraft and its systems handling qualities, flyingINTERNAL FLUCTUATIONS
J. G. Jones AGARD Methods for Aircraft State arid Parameter controls. various piloting aids, failure research: flight test
IdentificatJon May A 97A 18 p refa (Sot availabdPrty aee preparation and crew training, crew work load studies: studies

for introducing CONCORDE into air traffic in liaison with
N75.29997 21.01) EUROCONTROI.. and preparation for aircraft certifIcation.

The problem of modelliig the structure of systems with a

high level of internally generated fluctuations is discussed arid examination of requirements and participation in certification for

problems in parameter identification are reviewed The systems the most critical conditions to be tested In flight testing very

considered typically have two types of behavior. determined by low probability failures or investigations In tha cxtrere regulatory
the magnitude of a controlling parameter which influences stability atmospheric conditions Author

For a finite range of parameter values the system is stable and
its structure may be described by a datle .. ..stic sot of
differential equations. If not subjected to external drsturbancea
the system will achieve a state of equilibrium. At some 'critical'
value of the parameter, however, the system becomes unstable
and beyond this boundary the system no longer achieves a state
of equilibrium but may exist (as a result of nonlinearities) in a N75-30001 National Aeronautics and Space Administration
steady state typified by continuous fluctuations This state may Langley Research Center. Langley Station. Va
either be described as a regular limit-cycle type of oscillation or APPLICATION OF A NEW CRITERION FOR MODELING
may be essentially random in r'ature Practical examples include SYSTEMS

4
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Lawrence W. Taylor. Jr In AGARD Methods for Aircraft Stele An onboard navigation system which employed coin-
and Parameter Identiflicaton May 1975 9 p rafe (For availability plementary filtering was developed to provide velocity and position
wse N75-29997 21-01) information. The inputs to lire mix filter included both acceleration
CSCL 12B inputs, which provided high-frequency position and velocity

A new criterion is proposed for modeling systems which information, and radar position inputs, which provided the
promise-; to be useful in deciding how complex a model should low-frequency position and velocity information Onboard aircraft
be. The rilterion is based on the expected model response error instrumentation. Including attitude reference gyros and body.
instead of the error in fitting the data used for estimating the mounted accelerometers, was used to provide the acceleration
model parameters The new criterion also does not require Information An in-flight comparison of signal quality and accuracy
withholding data to be used exclusively for tasting. There showed good agreement betweer, the complementary filtering
remains, however thu difficulty of testing a large number of system and an aided inertial navigation system Furthermore,
candidate models that correspond to the combinations of terms the complement-ry filtering system was proven to be satisfactory
used in the dynamic equations. A computational approach in in control and display system applications for both automatic
suggested which greatly reduces the computations roquired it and pilot-in-the-loop instrument approtches and landings
searching for the best model In thei suggestert approach the Author
gradient of the response with respect to the model coeffticlients
"is held fixed and numerous combinations of terms are assessed.
After determining the molt promising candidate model, the
gradient is updated and the process is repeated This procedure
gives greater assurance that the best model Is selected and
does not rely on the analyst's Judgement. Author N75.30005 Vereinigte Flugtechniache Werke.Fokker G.m.b H

Breman (West Germany)
SENSORS AND FILTERING TECHNIQUES FOR FLIGHT
TESTING THE VAK 191 AND VFW 614 AIRCRAFT
Warner E. Seibold In AGARD Methods for Aircraft State and

N75.30002* National Aeronautics and Space Administration Parameter Identification May 1975 14 p (For availability see
Langley Research Center. Langley Station. Va N75-29997 21.01)
A MONTE CARLO ANALYSIS OF THE EFFECTS OF The flow of the flight test data of the VFW 614 (VAK
INSTRUMENTATION ERRORS ON AIRCRAFT PARAMETER B1910) Aircraft from the sensor through the data acquisition,
IDENTIFICATION selection, and preprocessing process is described. An overview
Wayne H. Bryant and Ward F Hodge In AGARO Methods for of the sensors Included In the VFW 614 is given. Two important
Aircraft State arid Parameter Identification May 1975 19 P sensors for takeoff and lending performance are described. The
refs lFor availability see N75-29997 21.01) data smoothing and filtering techniques are discussed Special
CSCL O1C emphasis is given to a powerful digital filter, the SI or Riedel

An output error estimation algorithm was used to evaluate filter. Author
the effects of both static and dynamic instrumentation errors on
the estimation of aircraft stability and control parameters. A Monte
Carlo analysis. using simulated cruise flight date, was performed
for a high performance military aircraft, a large commercial
transport. and a small general.aviation aircraft. The effects of
variations in the Information content of the flight data. resulting
from two different choices of control input maneuvers, were N75-30000 National Aerospace Lob., Amsterdam (Netherlands)
also determined. The resslts indicate that unmodeled instruments. DESIGN AND EVALUATION OF A SYMMETRIC FLIGHT-
tlion errors can cause inaccuracies in the estimated parameters DESI ANDEUVALU ATION OF LIGHT-
which are comparable to their nominal values. Control input TEST MANOEUVRE FOR THE ESTIMATION OF LONGITUD

errors and angular accelerometer lags were found to be most HARACTERISTICS
significant of the Instrumentation errors evaluated, and the

perturbations they produce are much larger than those arising H. W. Kleingeld //i AGARD Methods for Aircraft State and
Parameter Identification May 11975 6 p refs (For availability

from the combined effects of static errors and white noise In see N76-29997 21-01)
the output response me1au1rerents Author

Longitudinal performance and stability and control data are
derived from measurements in one flight test maneuver. The

maneuver is comprised of quasi-steady accelerating parts and
nonsteady oscillating parts. A moving base simulator is used to
determine the problems which accompany the manual application

N75-30003 Technieche Hogaschuol. Delft (Netherlands) of the required elevator control input end to teach the pilot to
ADVANCED FLIGHT TEST INSTRUMENTATIONe DESIGN generate the signal without feedback Results of this evaluation

program are given and compared with corresponding results ofAND CALIBRATION Ato

R. J. A. W. Hosman In AGARD Methods for Aircraft State the actual flight tests Author

and Parameter Identification May 1975 17 p refa (For availability
see N75-29997 21.01)

A series of flight tests with a Hawker Hunter Mk.7 aircraft
was performed to determine the performance as well as stability
and control characteristics The instrumentation system used in N75-30007 Dorner-Werke G.m.b.H.. Friadrichehferi (West
these tests is described. Major topics discussed Include: the Germanyl
choice of the specifications for the transducers as related to the DETERMINATION OF STABILITY DERIVATIVES FROM
desired accuracy of the characteristics of the aircraft to be FLIGHT TEST RESULTS COMPARISON OF FIVE ANALYT"I-
determined, the methods applied to meet these specifications. CAL TECHNIQUES
especially for the p thssure transducers;ti f the alibration brogrem Horst WTenenherg. Heinz FriedrSch. Ulrich VoniYI an-

to determine the cheracteristics of the trnrsducors ri the st•itisticeI Hans-Joachim Munser in AGARD Methods for Aircraft State

format. end to apply modern syniter theory to the anailysis of and Parameter Identification May 1975 12 p refs (For availability
the flight measurements Author sea N75-29997 21-01)

Analytical techniques in stability derivatives estimation are
compared. The test aircraft, a G 911T3, was equipped with a
sophisticated instrumentation and data acquisition system. The
iiraiyticnl techniques. manual evalualiun of special flight

N75.30004' National Aeronautiics and Space Administration maneuvers. time vector method, forced oscillation method, analog
Langley Research Center. Langley Station. Vs. matching, and regression analysis are compared in relation to
A COMPLEMENTARY FILTERING TECHNIQUE FOR the amount of time and equIpmurit for the flight testing.
DERIVING AIRCRAFT VELOCITY AND POSITION IN. complication of the date reduction. and the quality of the results.
FORMATION The accuracy of the date acquisition is the most important problem
Frank R. Niessen In AGARD Methods for Aircraft State and Therefore ari accurate check of all test data has to be performed
Parameter Identification May 1975 16 p refs (For availability before sophisticated evaluation programs are used It is sum-
see N75-29997 21-01) merized that several measuring end evaluation techniques should
CSCL 01C be used in parallel Author
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N~I-30008 Office National d'Eludes at dle Rachurches parameter identifiability are discussed Paremeter identification I.
Asrospatiales, Paris (France). results frorm the analysis of flight tilst data are presented which
FIVE IDENTIFICATION METHODS APPLIED TO FLIGHT establish the iieed for considuring Input design In planning tests
TEST DATA for extracting aerodynamic coefficients from flight test date.
Jean-Pierre Ctiaquin In AGARD Methods for Aircraft State Parameter identifiahility results tor specific control inputs tused
and Parameter Identification May 1975 8 p refs (For availability are presented In cases where identifiabilily problems are shown
see N75-29907 21-01) to exsit the user of a rank deficient solution to improve parameter

Tlrp parameter of linear multivariable syatemse using input identifiebility is demonistrated Author
and output measurements Is determined. It is assumed thst the
physical system. which Is to be Investigated, can be described N75-300136 National Aeronautics and Space Administration.
by a act of linear differential equations with constant coefficients Flight Research Center. Edwards. Calif.
These estimations arm to be applied to the derivation of active PRACTICAL ASPECTS OF USING A MAXIMUM U1KEU1-
control paermitare. Tests of well known Methods, such as least HOOD ESTIMATOR
squares, modulating functions, conjugate gradientsa and analog Kenneth W Iliff and Richard E. Maine In AGARD Methods
matching, or@ developed. Some results are proposed to be used for Aircraft State and Parameter Identtification May 1975 15 p
as support for the comparison of the comparison of the different aref (For availability see N75-29997 21-01)

methods. AuhrAC I

The application of a maximum likelihood estimastor to flight .
111115-3001111 Harvard Univ., Cambridge, Mass. data isI discussed and piocedures to facilitate routine anralysis of
STATUS OF INPUT DESIGN FOR AIRCRAFT PARAMETER a large amount of flight date are proposed. Flight dael were
IDENTIFICATION used to demonstriate the proposed procedrtluls. ModelingR, K. Mehra and N. K. EuPta (Systems Control, Inc.) In AGARD considerations are discussed for ltre sylstemn to be identified,Methods for Aircraft State and Parameter Identification May Including linear aerodynamics, instiumentallon. and data time
1M75 21 p refs (For availability see N75-29997 2 1-01) shifts. end aerodynamic biases for the specific types of maneusaers
(Contracts NAS4-2058; N0OO14-67.A-029B.OOO6) to be analyzed. Date editing to eliminate common data acquisition
CSCL OIC problems. and a method of Identifying other problems aer

Results are presented on the design of aircraft inputs (i.e. considered The need for careful selection of the maneuver or
se'slevtor rudder and aeleron deflection time hisiories) to identify portions of the maneuver itr be analyzed is pointed out.
aitraft stability and control derivatives from flight test deata Unrcertaintly Irivels larisloirnus to Cramer-Rao bounds) are
The problem is first reduced to an optimization problem with discussud an a way of inoogniririg signiticant new information.
differentila and integral constraints. The criteria used are either Author

* expressed in terms of the Cfamer-Rao lower bound on the
covarianca matrix of the parameter estimates or in terms of the N75-30014 Deutsche Foruiciungs. rind Versucheanstalt fear

Imeaximum prediction error variance. Both time-donralin lonrgitudinal Luft- cud Rsuirifshrit, SrunswIck (Want Germany). Inst. fuear
and lateral dynamics of C-8 and Jet Sita aircisilts and comparison Flugnisuhanilk.
with doublet type Iniputs are made Author DETERMINATION OF AIRCRAFT DERIVATIVES Bly

.1 AUTOMATIC PARAMETER ADJUSTMENT AND FREQUEN.
CY RESPONSE METHODS

Bufflo. .Y FightReserchM. Merrchend arid R. IKuehler In AGARD Methods (or Aircraft
N75-30010 Caispan Corp..,ufl.NY FlgtRsac Stale and ParamreterIdientificration May 1975 IS p role JFor

INPUT DESIGN FOR AIRCRAFT PARAMETER IDENTIFICA- av xpieriience s a rervee in299 t0theetltu fairTION: USING TIME-OPTIMAL CONTROL. FORMULATION parameters by iensan of lthres iduritification melthods: frequency

Robet T N. henIn AARDMethds or Arcrft Sateandresponse. maximu LI likelihood, and mrodal with automatic
Robet T N. henIn AARD Methds or Arcrft Sateandparanreter adjustrmrnt Results using flight test datai from the

Parameter Identification May 1975 15 p refs (For availability Do-27 arid HFB-320 aircraft are preserried. The aftectia of including
see N75-29997 21.01) inonlinear tenrirs arid turlrulaon In thre model are also discustsed

(C newac fomuatonan9 aprctca-ad seulnoutort Thu nirodet with Ireauutomratic: traraiute adjuistment methodA nw frmuatin nd prctial nduseul oluiontowon rusedl lot studying~ lit firroblirir of derivative idartificationthe input design for Identification of aircraft stablilty arid controlfo totortircirft type vulircios Prerliiinriray rausilts obtained when
parameters is presented. Necessary conditions and the etructurfervaiigaiiltu krrySf1(ihdt wtvrosint
of the optimal control input are discussed. By using Wale Bignals are given Sours aspects of desi-gning input signals for
functions end calculating the Cramer-Raeo lower bounds rucursiv- flight taste are disucrssedi. isystirn tararreters end ire easily [lawnr
ely. a practical and useful design procedure Is then presenrtedb tepioAto
Application of the new approach are than made to tire designbytepltAhr
of flight test inputs for identification of statbility and corntroli
parameters of severer types of aircraft Author N75-30015 Air Force Flighrt Test Center Edwards AFS. Calif

A COMPARISON AND EVALUATION OF TWO METHODS
OF EXTRACTING STABILITY DERIVATIVES FROM FLIGHT

N75-3001 1 Royal Aircraft Establishment, Farirbororigl (Eirgiarrl TEST DATA
DETERMINATION OF AERODYNAMIC DERIVATIVES FROM Paul W. Kristen If, ACSAFD Methods tor Aircraft State and
TRANBIENT RESPONSES IN MANOEUVRING FLIGHT Paranreter Ietitrrficationr May 1975 26 1) refs (For availability

A. Jrai Ros /i AGRD ethos fr Aroret Sateend araete N76-29997 21-011
A. Jan oseIn GAR MetodsforAirraf Stae ad PramterTwo methods for eixtractinig stability derivatives from flight

Identification May 1976 10 p taef (For availability see data are comrpared A irodified Nuwton-Raphson mninimizatiorn
N75-20997 21-01) techniqiue and a rdigitalrirnalog (hrybrid) rmatchning technique were

Computar programs using optinizastion techniquas to obtain used to analyze tho sirire riata maineuver% obtained fromt two
aerodynamic derivatives from flight records ear briefly described aircraft. About 55 maneuivers of an F 11 tE aircraft were analyaed
Results pertaining to aircraft flying et high angles of attack are river a Macli 0 3 to 2 0 arid err angle of attack range of 3 to
presented. J.M.S 19 degrees About 16 niarrerivera were analyzed for the X-24A

lifting body at Maclh irurbers of 08 aird 0.9 and en angle of
N75-30012 Naval Air Test Center. Patuxent River, Md. Flighrt attack range of 4 to 13 niogrees. Stabltity derivatives were
Test Div. extracted frrom these mraneuvers. and the results from the two
ADVANCEMENT IN PARAMENTER IDENTIFICATION AND techniques alonrg with wind tunnel results were compared. The
AIRCRAFT FL.IGHT TESTING hybrid matching rinrathamalical mncdel contained complete
Roger A. Burton in AGARD Methods for Aircraft Stitte and five-dlegrete-of-freedom equations (na velocity derivatives) withI
Parameter Identification May 19751 16 p refs (For availabrility variebla dynamic pressure, whereas the Newton-flephson model
see N75-29997 21-0111 used uncoupled, three-degree-of -freedom equations with constant

Results are presented from a program to develop parameter dynamic pressure. Both techniques waeni fouind to be capable of
Identification technology with specific emphasis placed on studies giving accurate resualts, but required a fairly exitensive knowledge
conducted in parameter identifiability and (optimal) control Inputs of the method being used. The Newton-Raptison technique tends
for paramneter catirrairorn. Navy applications lot pararmeter to be less time consuming, and Is suited for processing large
identification technology are rliscu~ssd with specific areas In quantities of data maneuvers Hybrid matching is well suited for
aircraft stability arid control testing outlirned. Specific criteria programs In which a limited amount of date Is processedl fur
required for definring optirral control inputs and establishing each flight. Author

(3
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EhTIMATES OF THE STA8ILITY DERIVATIVES OF AN75,3001B Tachnische Hogeschooi, Delft (Netherlands). HELICOPTER AND A V/STOL AIRCRAFT FROM FLIGHT
ESTIMATION OF THE AIRCRAFT STATE IN NON-STEADY DATA
FLIGHT r. G. Grould and W S. Hindson In AGARD Method for
J A Mulder In AGARD Methods for Aircraft State and Parameter Aircraft State and Parameter Identification Jul 1957 9 p
Identification May 1975 21 p refs (For availability see refs (For availability see N75.29997 21-01)
N7S.29997 21-01) Stability derivatives for the Bell 205 helicopter were derived

Kalman filtering and smoothing arid maximum likelihood from flight data using a least squares guasi-linearliation technique,
estimation tech rlquas were applied to the problem of estimialting• The aircraft model. which included a first order representatlon
the aircraft state in nonateady flight from onboard noisy inertial of rotor response characteristics, was based on fundamental
and barometric measurements Applied to actual (light tost data, parameters descriptive of the particular design. A conglomeeste
the estimstion schemes yielded similar results Author aralysis proe.edure estimates based on data from several similar

iraroeuveis was used to increase the confidence in the results
N75-3001 7 Dornter-Werke G it h H . Friedrtchshafen (West observed. Data from CL-84 V/STOL aircraft were also analyzed.
Germany) indicating the validity of certain a priori longitudinal stability
DETERMINATION OF STABILITY DERIVATIVES FROM derivatives for the aircraft, and yielding estimates of others. The
FLIGHT TEST RESULTS sY MEANS OF THE REGRESSION results Indicate the need to use a more elaborate modeling
ANALYSIS technique, (such as was used for the Bell 205) which takes
Henis Friedrich In AGARD Methods for Aircraft State and into account the particular complexities of the aircraft. Author
Parameter Identification May 1975 8 p refs (For availability
see N75-29997 21.01) N75-300211 United Aircraft Corp., Stratford, Conn. Sikorsky

Some funidamental remarks about regression analysis are Aircraft Div
made. the method is described, and some test results with ROTORCRAFT DERIVATIVE IDENTIFICATION FROM
aimulsied data are given The experiences with regression analysis ANALYTICAL MODELS AND FLIGHT TEST DATA
gained from flight tests with the alrcrafts Dornier Do 31 and John A. Molusis In AGARD Methods for Aircraft State and
Flat GO9.T3 are discussed in detail. The posslbilitiesof the method Parameter Identification May 1975 31 p retf Sponsored in
were studied, and Improvements by using a Kalman filter are part by NASA and USAAMRDL (For availability see N75.29997
considered. For each equation of motion, an example is 21,01)
represented. Author CSCL 01C

A general procedure is presented for systematic development
N75.30018 Systems Control. Inc., Palo Alto, Calif. of rotorcraft models for use in systems Identification, which
MODEL STRUCTURE DETERMINATION AND PARAMETER includes fuselage end rotor degrees of freedom (DOF). Formula
IDENTIFICATION FOR NONLINEAR AERODYNAMIC tions for rigid blade flap and leg as well as the normal mirde
FLIGHT REGIMES representation of an elastic blade are developed for hingeless
W. Earl Hall. Jr. Narendra K, Gupta, and James S Tyler. Jr and articulated rotor systems Tha method of multiblade
In AGARD Methods for Aircraft State and Parameter Identification coordinates is used to obtain linear constant coefficient state
May 1975 21 p aefv (For availability see N76.29997 21.01) variable models of various levels of approximation. Two of the
(Contract N00014,72-C-032185 approximate models, a 5 DOF. are identified from a nonlinear

The identification of nonlinear stall/spin regime air dynamic articulated helicopter computer simulation. The results demon-
forces and Moments Is discussed, along with applications to strata the accuracy attainable for each model. Advanced results
simulated and flight test response data. For this development. a outline the status of rotorcraft modeling and systems identification
two-stop method is presented. The first asta is the application and Indicate areas that require further Investigation. Author
of an algorithm which detormines the order and coefficients of
polynomial expanslons which d etermine s the order and coefficients N74-300220 National Aeroneutics and Space Administration.
of polynomial eaansons whiconh dtermlines thr order and Langley Research Center. Langley Station. Va.oeffcnt3of polynomialexpansions of the nonlinearaerodynamic ROTOR SYSTEMS RESEARCH AIRCRAFT (RBRA) RE-forces and moments which cliaracterize the stall/post-stall flight QUIREMANTS FOR, AND CONTRIBUTIONS TO, ROTOR-
regime. The second step is the use of a nonlinear six degree-of CRAFT STATE ESTIMATION AND PARAMETER IOENYIFI.
freedom niaximum likelihood algorithm which accurately estimates CATION
the values of the polynomial coefficients. This method was applied Gregory W. Condon In AGARD Methods for Aircraft State
to simulated end flight test dats for a twin engine swept wing and Parameter Identification May 1197 18 p refs Prepared
fighter aircraft. Suggested approaches to general nonlinear flight by Army Air Mobility Resi nd Develop. Labs, Hampton, Vir .
regime Identification are given. Author (For availability see N78.29997 21.01)

CSCL 01C
N75-30019* National Aeronautics end Space Administration. Rotor System Research Aircraft (RSRA) is designed to provide
Langley Research Center, Langley Station, Va. the capabilities necessary for the effective and efficient in-flight
IMPORTANCE OF HELICOPTER DYNAMICS TO THE test and verification of promising rotor concepts and supporting
MATHEMATICAL MODEL OF THE HELICOPTER technology developments. The RSRA requirements for, and
William F. White. Jr. In AGARD Methods for Aircraft State possible contributions to, rotorcraft state estimation and oarameter
and Parameter Identification May 1975 12 p refs Prepared identifiostion technology are discussed. Author
by Army Air Mobility Res. and Develop. Lab.. Hampton. Vs.
(For avallability see N75-29997 211-011)
CSCL 01C

A mathematical model of the helicoptcr requires approprl-
tet representation of the constltuent elements of rotor dynamics. N75-30023 Bell Helicopter Co., Fort Worth, Tex

Geniral.purpose programs that model a variety of configurations COMMENTS ON COMPUTATION OF AIRCRAFT FLIGHT
for a broad range of operating conditions result in varying and CHARACTERISTICS
incompatible levels of sophistication. Analysis of specific dynamic C. L Livingston lI AGARD Methods for Aircraft State and
problems facilitates the Identification of configuration parameterl Parameter Identificatiori May 1975 8 p (For availability see
which determine system behavior. For the present anslysis. the N75*29997 21-O1)
nonlinear equations of a torsionally rigid hingelems rotor are A digital computer program (C81) used to compute perform.
linearized about an equilibrium condition to determine flap-lag ance, dynamics. and loads of a wide variety of aircraft is described
stability characteristics in hover. A collonation method was used Some of the Cuniiguditiuits which have been simulated on C81
to obtain the coupled natural frequencies and modes. Those are depicted Author
modes allow exact treatment of the effect of elastic coupling
which more then compensates for the destabilizing inertial N75-30024 Calsperi Corp. Buffalo N Y Flight Research
coupling. The sensitivity of damiping to the number of modes Dept.
was found to be small. end reasonable accuracy was obtained THE EFFICIENT APPLICATION OF DIGITAL IDENTIFICA.
the first flepwise and edgewise coupled modes. The range of TION TECHNIQUES TO FLIGHT DATA FROM A VARIABLE
destabilizing precones was found to be small Author STABILITY V/8TOL AIRCRAFT

J. Victor Lebacqz In AGARD Methods for Aircraft Stare and
Parameter Identification May 1975 13 p refi (For availabilitysee N75-29997 21.O1)

1N115-30020 National Aeronautical Establishment, Ottawa (Contracts N00019gBg.c.0534. NOO019.72.C.0044.
ntasio). Flight Research Lab. N00019.72.C.0417. N00019.73-C.0504)
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01 AERONAUTICS IGENERAW

A prerequisite In the use of response- feedback variable stability P Lecomlit jird M Bonnarud /it AGARD Impact of Active
aircraft to obtain fliying qualities data Is an accurate method for Control Technol on Airplane Design Jun~ 1975 14 p refs in
estimating Stability and controi parameters from flight dats It is FRENCH; ENGLISH summary (For availabiiity see N7ti30027
necessary. however. that such methods be efficient and Cost 21-01)l
e1ffective to minimize the effort and expense spent performing The poasiblie definitions eat examined of the term control
the estimation. The application of a digital Identification technique configured vehicle (CCVI arid boins otherr associated notionis such
X-22A V/STOL research aircraft Is discussed. Emphasis is pieced a autostabitizatiori. flight by wire. ala The characteristics commoni
on practicai aspects of identifying efficienrtly dita covering a to aii the so celled CCV systemse aer examinred Simiultarieously,
wide range of dynamic ch'aracteristics. particular attention is paid together with the most nroteworthy diffaeninces encountered Tire
to the elimirnation of adjustmenrts in the technique for each date presetit possibilities of tress systems are reviewedt. curisideirinU,
fun end the LISe Of Particular pilot contirol inputs to tinatiinreii for each cace. tire safety objectives arid purfofniairmca objectives
identifiabit Results tire presented for a variety of sirrulrated lor transport aird c-omnbat oircraft Finally. uongt tinrir. piospacti,
dynemics Author are conrsidererd Anirhiri

1475,30025" National Aeronautics and Space Administration NIS-3002S Royal Aiitrnraf Establishment. Bedford (Engiand)
Ames Research Centar. Moffett Field. Calif ACTIVE CONTROL AS AN INTEGRAL TOOL IN ADVANCED
PARAMETER ESTIMATION OF POWERED-LIFT STOL AIRCRAFT DESIGN
AIRCRAFT CHARACTERIETICS INCLUDING TURBULENCE W. J G. Pineker In AGARD Impact of Active Control technol
AND GROUND EFFECTS on Airplane Design Jun. 1976 12 p rfall (For evailabiiity sail
Rodney C. Wingrove In AGARD Methods for Aircraft State N75-30027 2 f-01)
and Parameter Identification May 1975 10 p refs (For availability The scope of active control in the desaign arid operation of
&see N75-29997 21-011 aircraft is broadly reviewed, and the ouautomatic control. stablilty

* CSCL O1C and control augmentation, artificial static stability, gust allevialioii,
Longitudinal aerodynamic coefficients ate estimated from data stall and spin protection and various methodsi for reducinig ailrrame

recorded during flight tests of a powered-lift STOL aircraft. A load* are rstudied ItIs argued that active control should not be
comparison Is made between the coefficiant values determined treated as a piece-meal solutioni to isolated design piobierns
by the regression and quaariinearization Identification techniques but rather refinenmants will the true potential of these powerfuil
from records taken during eievator pulse manauvers. The results techniques ba realized (Ii particular It is Shtowni that mnnry CCV

-' how that for thase tests the regresision method prorvides iese applications require coirrmensu rote Irriploivernent in the aerody
acatter In coefficient astimates and provides botter correlation tiamic performance of tiria control surface Author

with the predicted values. Spacial techniques are developed which
allow Identification of the coefficients fromt records taken during N75-30030* National Aeronautics and Space Admirvlstraticri
landing maneuvers In which the aircraft encounters turbulence Langley Research Centei. Langley Station, Va
while,,flying In ground effect. Flight test results are presented to POTENTIAL BENEFIT$ TO SHORT-HAUL TRANSPORTS1
Illustrate the affects of air turbulence anid ground proximity on THROUGH USE OF ACTIVE CONTROLS
the estimated coefficient values Author 0. William Conner end Glenn 0. Thompson (Boeing CO . WIctIuIII.

Kons.l III AGARD Impact of Active Control Technoi. oil Airtilerig
Design Jun 1975 11O p rats (For avalaihiity see N76 30027
211-01l

N75-30026 Air Force Flight Dynamics Lab.. Wright- Patterson The potential applications of active contiols are examiniied
AFB., Ohio. for imrproving the niharacterisrics of tr-aisport type aircraft iiiasr
ESTIMATION OF ELASTIC AIRCRAFT AERODYNAMIC in sRhort-houi service I l.OCO-kiiiolamter range capability) Thu
PARAMETERS types of aiicrafi to inset fulrirefleeds ilquit operatiorn, coirgejstroir
Robert C. Schwena and William R. Wails Ir AGARD Methods alleviatiorn, fuel conservation. openating ecorromy. and travveis
for Aircraft State and Poisamter Identificationr May 1975 10 p acoeptance) era Iderntified as Inslicoptars for shorter etage teinottir
rats (For availability set N76-29997 21-0ll end fixed wing aircraft of reduced tioid-length capablity for iuingili

The Importance of including aeroolosticity Iin aircraft parameter stage tanglirs. Likeiy Uses5 for active contiolm for these aircraft

estimation is discussed using the 552E and C-SA aircraft as are exanminecd regarding payoffs which can be expected 11i11t
examplet. A parameter astimaitioir method. emnploying the nmodel pioblems andi constraints which must be dealt withr Uses
truncation dynammics math model arid the miaxiniuri likelihlood asrowing significant benefits include augimenited atability anti

estimation algorithm. Is selected to illustrate the compurtational control. grist-load alleviation. anu ride siroolhingy 0 unt loud
difficulties that ni ust ba solved A combined In-house and alleviation is particularly effective for low -wing -loadingj aircraft
contractual research program is then orutilined that addrosaiss emrpioying convenrtional lift. Ridsiarrrootlning yaleirs ire Iridicatunt
thase anticipated probtemn areass. The aircraft aelected for the to be tire futhilest advanced and reedy for production comilirnirrit
initial applination of the methods is the B52E that was flownr ii for thro,, appincatioins where tthey can Itie shown toa have payutf
the Control Configured Vehicle ICCVt research program of the Authoii

hAF Flight Dynamics Laboratory. Atithor

N75-30031 Masniuirrsclnriti Holloiuw Biotiniv, Gr in i-i iHirinburir
JWest Gaermanyl

N75-30027# Advisory Group for Aeronautical Research and TRANSPORT AIRCRAFT WITH RE LAXEb /NEGATIVE
Development. Paris (France). LONGITUDINAL STABILITY, RESULTS OF A DESIGN
IMPACT OF ACTIVE CONTROL TECHNOLOGY ON AIR- STUDY
PLANE DESIGN Heinz G. Klug In AGARD rmn(,aci of Active Coirtioi lecirriot
Jun 1975 318 p refs In ENGLISH urid pertly in FPENCHl on Airplane Desrgnr Jun 1975 15 1) (For invanlailtuily Set,
Presented at a Joint Syr~rp of the Flight Mech Panel and Guidtance N76-30027 21-011
and Control Panel of AGARD. Parils. 14-17 Oct 1974 Aprplicatiorn of active lonigitudinael control nir tF[ninreliort 1mmcmli1f
IAGARD-CP- 1571 Avail: INTIS HC $9.26 with resaxed/iregative lonigitudinral stiability was ýItidiofil Uoiury

The papers are reported which were presented at sestinoirs two atircraft of different coirfiguietion ite bauunlirie oitin~itii
on active control technology Iii advanced sirplarre design. aiiaiynii versions incorporating sactve bongituuinial coirirnn were dierivedl
and simulation programs. flight test programrs. advanced fligh~t Configuieritoi changjes wore studied with varyinrg tail bitu. frind
control systems. and curreint operational systems They cover a centler iif gravity prositionr Bosed upon, thre riuiurmeint fri tintiidlinig
wide re.ige of activities, from advanced research to systenirn ini qualities erLuiviri~ll to thre baelietr dtesinsji ipnininirui Control
operation on the C-BA and Boeing 747 aircraft For individual laws ware derived Controitabitity anti stability were chieckedf iy
tittes. sea N75-30028 through N15-30051I simulating various gtust cases Limits for tail %ize evil agliositiuri

were derived Wimp sire was changed whe's tuuciured to hroldl
N75-30028 Societe Nairorrale Indlustralete Aeroapatilai. Toulouse performance unichanrged Struictura1 lidn fuel wnsigft chiinrges worn
(Francel calculated ann thu configuratiorn. within the geomretrical anit
CCV PHILOSOPHY! SEMANTICS AND UNCIERTAINITY. controtlability limits. giviirc tile highest peyloiid iricteirs. Was
THE CONCEPT OF AIRCRAFT REVOLUTION MY PROGRESS selected. Seirsitivity of payload beneflit to performaincit specificauioin
IN THE FLIGHT CONTROL SYSTEM [CCV PHILOSOPHIE: was checked by paranretric variationis. It wan found that psyicait
SEMANTIQUE ET INCERTITUDES L.A CONCEPTION DES benefit depends upon conifiguiratioin to a high ctugrire Psnist payload
AVIONS VA-T-ELLE EYRE BOULIEVERSEE PAR LES benefit wili be achieved for hi1gh wing. T-tiiil 8101 aircraft ursuing
PRO0ORES CIANS LES SYSTEMES DE COMMANDES DE large tratlitrg adga flaps Payload linrciasomi ay [it ii l upoi I b%
VOL[ for such aircraft Aurtinuni
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N7-03 BiihArrfCop ebdg (England) aircraft with a very low vleof the nrormali accelerationsensitivity.

IMPAT O ACTVE ONTOL TCHNLOGYON IR-aircraft with a value of th, normal acceltriation sensitivity typical
CRAFT DEIGN for the present-day jumbo alicraft, pilot oipiniont on the absence
P. R. G. Williams and B. S. Campion fIt AGAFID Impact of of * stable stick force/ Ideflec Iion) versus airspeed gradient toi
Active Control Tochnol on Airplane Design Jun. 1975 6 p pitch -stabllrieid aircraft. results of comipenstatory tracking expert.
(For availabitity set N75-30027 21-01) nients. andi evaluation of the applicability of the criterion for the

Use of Active control technology on civil transiport aircraft is Coniigurations tested Author
considered, both as regards improverment of a conventional aircraft
and as regard% development of new configurations to exploit
such technology. Signilicairt gains iii weight and operating cost N75-30036 Massatich mitt.-Bgelkow- Bluhrn G rnib H .Munich
may be made by using artificial stability agenitamrttion and toad (West Germanyl
alleviationt ox a conventional design. tirough th(, precise gains CONTROL. OF AN ELASTIC AIRCRAFT USING OPTIMAL
depend on the way in which weight savings are exploited CONTROL LAWS
Unconventiornal means are suggested whereby active control Warner Dressier Ir AGAFID Impact of Active Control Technol.
technology might best be exploited on short and long range on Airplane Design Jun. 1075 liI p (For availability tiee
subsonic aircraft. and also on supersonic aircraft. It appears that N75-30027 21-01)
the largest gains are likely to be made when new techniques The design of a multlusriable control system for gust alleviation
are used In combination rather than singly Author is demonstrated The Lies of compruters for control design,

summarized under the name computur aided design Is described
N76-30033 Air Force Flight Dynamics Lab.. Wright.Patterson The gust control system for gust aileviation Is integrated Into
AFII, Ohio an overail flight guidance control system Two control designs.
HORIZONTAL CANARDS FOR TWO-AXIS COY FIGHTER using optimal control laws. are achieved, ones with complete
CONTROL end the second with incomplete state measurement. lin the model
S. C. Sturtpfl end RI. A. Whilmoyer In AGAFID Impact of descriptionr tire elastic behavior of the wing is included as weill
Active Control Technol. on Airplane Designt Jun 1075 8 p as the nonsteady aerodynamic lift generatiorn and the dynamic
rafe (For aveilabilityli see N7 5-30027 2 1 .Oli behavior of the aIctators. For a STOL~trenspont aircraft the

The potentiai use Is described of active horizontal cariards efficiency of gust alleviation are shown in a flight through turbunlent
In the design of fighter aircraft to provide flight path control air. Tire Increase of wing lifetime and the corresponding decrease
along both the longitudinal and directional exes The results aer in structure weight by use of a gust alieviation system is
based on wind tunnel tests conducted on two CCV lighter caiculated Author
configurations under the Fighter CCV Program of the USAF Flight
Dynnamics laboratory. A method for generating direct sideforce N75-30037 Office National d'Etudes at do RecherchesIiusing differentlialV ly dfletited horizontal canards Is discussed The Aeropsptiales, Paris (France)
direct lift controf capabilities of hanliontal canards are also CLOSED FORM EXPRESSION OF THE OPTIMAL CONTROL
presented. In addition, the use of hrorizonrtal canards in Imple. OF A RIGID AIRPLANE TO TURBULENCE
mentling the concepts of relaxed static stability and maneuver Gabriel Coupry fIn AGAPID Impact of Active Control Tochnoi
collar enhancement is described. Finally, the USAF Fighter CCV on Airplane Desigin Jun. 1975 10 p rofe In FRENCH;
Program Is outlined asell relates to demonstrating the performance ENGLISH summary (For availability see N75-30027 2 1.01)
improvirments achievable through application of advanced control The flight of military aircraft at high speed. low altitude
4ystem technology. Author makes it nacessery to use ride control systenms to improve comfort,

handling qualities arid combat ability Tire open loop system
that Is described senses turbulence which Is used, after filiteiring,
to sct on the controic Such a systemn does not change At all
the handling qualities of the aircraft Wieiners theory Is used to

N7S430034 Hawker Siddeleir Aviation Ltd. Brough (Englanid) tto derive in ciosed form the trarnsfer function of the filter used
ACTIVE CONTROL TICHNOLOGYi A MILITARY AIRCRAFT for control It is shown that this transfer function can be expressed
DESIGNNE'S VIEWPOINT In autoadeptative form, the poise being proportional to the velocity
R. Mellirng /it AGARD Impact of Active Control Technol on of thre aircraft The Influence of parameters ika mass, scale of
Airplane Design Jun. 1975 16 p (For availability see 1,75.30027 turbulence, Is discussed Author
21-011

The most likely gains to be obtained by the application of N75-30038 Deutsche Forachungs. und Vesruchsonstsir fusractive control technology to smali combat aircraft are considered
Thern are saeei to be considerabie alt ractions. although the most Luft. und Rsumtahrf, Oberpfaffenhofen (West Germany). Inst
signirficant benefits may turn out to be orientated towards the friar Dynemik der Flugaysleme

imrvdcontrol and design freedomi offered by ACT rather than APPLICATION OF ADVANCED MODEL.FOLLOWING
towards revoiutiorrary shapes or greatly increased efficiency or SYTEMHIUS FOR COTROL CONSIGURED VEIHICLES RO
reduced weight In the design of the ACS itself, it is consideredSYTM FO CNRLCNIG EDVHLS
essential that a mechbanical back tip is avoided in ordier to produce Gerd Hiruinger Inr AGAFID trrrpact of Active Control Technol
a more flexible, efficient arid sate system, and to this end a on Airplane Design Jun 1975 15 p rets (For availability see
suitably progressive systerni desigrn philosophy mrust be deavel. N76-30027 21-011
oped Despite some dourbts as to thu more ambitious claims for After a review of optimal control, the modei-foilowrng concept
ACT, its ultimate adoption is espucted for all but the simplest is applied for approaching a de~rrsr tracking behavior, especially
of aircraft Author concerning the airplane's responnis to a fiight patti angie command.

in s systemantic way However, it turns out that the disturbance
behavior' of the controlled ;Vtaroi. reprasented liv the airplaness

N75-30035 National Aerospace tab . Amsterdam (Netherlands). response tor an initiai deviation in the flight path anigle, is
HANDMlNO QUALITY CRITERIA DEVELOPMENT FOR unsatisfacrory Therefore u miiw concept combrhinrrg iriodel
TRANSPORT AIRCRAFT WITH FLY.EY1YWIRE1111 PRIMARY following arid partial matae vector frredtuck im aippliedt ior designing
FLIGHT CONTROL SYSTEMS disturbance behavior arid trackiri nhreiorau separateiy. in each
H A. Mooil In AGARD Impact of Active Control Technol on of both cases achieving a goord .corrrjtmirse tratwsen the desired
Airplane Desigri Jun 1975 14 p refs (For availability sees systerm trajectory arid i~mited control uirionr It appears that thie
N75 30027 21-01) control system thus designed isI vnrri irretinstlive to virratrona in

Tire introduction of fiy-bv-wrre, primary flight control systan-it the nlost critical purenroetrr. that is the locritirii of iMe cricitar of
in future transport aircraft, in some cases including direct-lift- rvt Author
control, makes it hrighly desirable to initiatle further atudides intogrvt
handling quality criteria for future guidance In system design
The handling quality crioers for such aircraft must be based on
pearnameers which diescribe the combirration of the aircraft and N75-30039 McDonnell Aircraft Co.. St Lociri. Mo
its closed loop flight control systemr Approach flight simulation SURVIVABLE FLIGHT CONTROL SYSTIEM: ACTIVE
end compensatory tracking, performed on a three degrees of CONTROL DEVELOPMENT, FLIGHT TEST, AND APPLICA-
freedom flight simulator aso applied to a concoeptual let transport TION
developed around the relaxed *fatic( stability concept, is described F M. Krachmalirrck. R L Berger iAFFDrLi. J1F. Hrjrtor. J W
The stiffness of the pitch attitude system and the effectiverness Morris IAFFOLI, and J K Marriage IAIFOLI lin AGAFID Impact
of the direct-lit-coritrol-syrsism were varied The following topics of Active Corntrol Tochnol ion Airrininri Desrili Jun 1975 24 c3
aer discussed reqluired diracttlifttcoirtroll-effect Iva naen for an (For availability sarn N76-30027 21 Ott
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The n'elor portion of the Survivable Flight Contro: Sysite m N75-30043 Naval Air Development Cenlar. Warminster. Pa.
(SFCSI Program inititated by the Uinitedi States Air Force in July THlE ASSET (ADVANCED SKEWED SENSORY ELECTRONIC
1969 was performed to establish tire practicairty of? active TRIAD) PROGRAM

p.control concepts for use in fulture military aircraft The 5FCS C R. Abrams and W 0 Weinstein (Grumman Aerospace Corp.)
quedruplex (Oto channel radundiincyl prinrury flight control system in AGARD impact of Active Control Technol on Airplane Design
is described Incorporation of this type ofcontrol systerm in 'Jun 1976 12 praft (For savalability set N76-30027 21.01)
tactical vehicle is iexpected to provide, be riulitb in ernhanced A iedlundant arrangementt of angular rate seniors with skewed
survivability. reliabilirty. mnairntaiunrabrlity. cost cif Ownershrp. aircraft input auies, dispersed On ort aircraft bulkhead. was designed for
desrgn frieedom ni rd riricralt marriuvairog performarnce The fly-by-wrre control applications. Compared to other redundant
simulations atird gtounrd-ba'rarl tvysteirn comrpatibility touting conifiguratiorns. it beat satisfied system reliability, survivability,
performed to verify equiurrmsin liirforrrrancii anar establisih h~gh arnd mainteiatirce reiquirements ByV also utilizing a high reliability
level of pilot confiriirncs prior to flight. are rlirtrusiued A SUrrirnary solid-state angular rate tensor. expected maintenance costs will
of ths flight teat results obtarret tiinidrio 114 vrnccerrrifil flighlts ib be decreased The data manaagement system designed tor the
presented Fligjht lest results ririicatir Itriti lni F 4 with thre SFCS ASSET configuratiomn featured a parallel path failure detection
installed exhibit% greatly imrprovedl harrdling quairlities over those rind isolation algorithm. A unique method Of selecting failure
characteristic of the production F-4 This aircraft Incorporating thresholds was developed to Insure that false alarm probability
control configuitec vehicle and maneuver load control c05050. arid system error. were minimrized. The results of titlls effort will
fuel features was successfully toas-flown and evaluated Results contribute to the practical implementation of a digital fly-by-wIre
obtairred ftonm the pilol-irr-this loop simulations and actual flight I ystem. since a successful attempt was made to match proposedtests are discussed Flight test results verity that signtificarnt operational requirerrents Tho ASSET concept wilt therefore
performance improvements in combat maneuvering enveioprt. provide a feil-operatlonal and combot-surviveble set of rate sensors
buffet levels, arid specific radeas power ate aichievable in thea designed to interface with all active control systems, raegrdlese
F.4 wrth Iridirioir application of conltrol Configured vehrc~le of redundancy requirements. Author
concepts Author

11176-30044 Marconi-Elliott Avionic Systems Ltd. 11olcheettor

(Engiand). Flight Control Div.
N75-30040 Air Force Armament Lab.. Eglirm AFO. Flo. THE RIELEVANC2 OP EXISTING AUTOMATIC PLIGHT
WEAPON DELIVERY IMPACT ON ACTIVE CONTROL CONTROL IYSTEMS TO THE FUTURE DEVELOPMENT OF

TECHNOLOGYACTIVE CONTROL 0~
is iH. Smith end Dave Carleton (AFFDLI In AGARD Impact of M. Ruggles, 0 Swearing, and I A. Watson In AGARD Impact

Active Control Tachnol, on Airplane Design Jun. 1971 14 p of Active Control Technol. on Airplane Design Jun. 11975 15 p
refs (For availability see N75-30027 21-011 rets lFor availability see N75-30027 2 I -01)

The need for cooperative efforts among the labloratorlme/test. Some relevant examples of fail rre -suivival automatic flight
organizations and users Is emphasited to Improve and properly control systems are examined to show how the reslults of their
match aircraft pointing and armament component accuracies to deigqn nrrjloamntstioir end operational usage con contribute to

Wachieve the maximum effectiveness with conventitonal weapons. the successful Introduction itro full-time use of active control
The Oata Measurement Programs of the Armament Development technology (ACT). Ground rules which were evolyed some years
and Teat Canter/Air Fates Aimament Laboratory are discussed, ago for such redundant systems are re-exasmined int the Intseret
including the results and plans for the Instrumented Rack/Bomb of full-tim* ACT. Tris inrportant parameters affecting the successful
and Gunnery Pippor/Pireline Treces end Impact Pattern Model design of a cull-tim* ACT system are discussed. Some of the
Programs, The Active Control Technology Programs of the Air problem areas are mentioned and the use of some exstitng
Porces Plight Dynamties Laboratory Including objectives. designs, techniques for successful certification are suggested. The step
and results of the TactIcal Weapon Delivery ITWeoID Program from currant fail-operative systems relying on some reversionary
are discussed, The objectives of the Multimode Control and the system to full-time ACT is examined. The design requireiments
Control Configured Vehicle/Advanced Fighter Te11hnoiogy for the hardware and software for digital computations are detailed
Integrator Progiams are delineated. It Is concluded that Incorpora. arid some spocial problemns Of digital systems are highlighted
ticn of active control technology and matched armament arid solutions are suggested. Some of the problems of system
component accuracies In future weapon systesms shows promise components such to sensors, computers and solustors are
for considerable improvement iii the effectiveness of unguided discussed. Author
weapons. Author

N75-30041 Air Force Flight Dynamics Lab., Wright.-Patterson N76-30045 Sperry Hand Corp., Phoenix, Ariz. Sperry Plight
AFB. Oirio. systems.
CONTROL CONFPIG U RED VEHICLES i-52 PROGRAM PRODUCTION DESIGN REQUIREMENTS FOR PLY BY WIRE
RESULTS SYSTEMS
Bruce 1. Kulawahri In AGARD Impact of Active Control Technol. J. Flannigan and J. Emfinger In AGARD Impact of Active
on Airplane Design Jrjn. 1975 8 p rtef (For availability see Controi Technol. err Airplane Design Jun 11975 1t p refs
NYS-30027 21-011) (For availability see N75-30027 21-O1l

The concepts considered for the CCIV 8-52 program. and The problems of specifying design requirements for production
the expected benefits are dliscussed. The system design criteria Fly-By-Wire (FBWl flight control systems are addressed based
are described along with the maneuver toad control system An on current state-of-the-art trends. The design goals and
off design condition is evaluated. P.O.S. reqruiremmnts of two development POW programs are reviewed.

Emphasis Is placed on the impact of specific requirements on
htardware mechanization compleiaxty. Of particular interest is the

N75-30042 M asserach mitt - oeikovi -Bich m G.m~b.H.. Munich sensitivity of FSW system design to safety, survivability end
(West Germany) mission reliability requirements, and to related subsystem lend
A QUADRUREDUNDANT DIGITAL PLIGHT CONTROL interface concepts. Experience to date Is used in provide
SYSTEM FOR CCV APPLICATION recommendations and insight into specifying practical design
Wolfgang J. Kubbat in AGARD impact of Active Control Tachnoi. reciuirenienets for production FEW systems. Author
on Airplane Design Jun 1975 9 p (For availability see
N75-30027 21-01)

A parallel redundant digital fly-by-wire system Ili described.
It will be tersted in tire near future on a CCV-t~et aircrraft (modified N75-30046 British Aircraft Corp. l0peratingl Ltd.. Bristol
P-104 GI Starting tronm a frill-op. the reasons for the ohoice of lEnglandl. Aviornics Errjinteeing Dept.
a digiital system are outlined. The system works with freely EXPEIEIINCE WITH THE CONCORDE FLYING CONTROL
progremniable idertlical airborne computers which run ideirticel SYSTEM
softwarei. the computers perform the control loaw and act also Neville Brerrohley and Ronafd Grant In AGARD Impact of
as cerntral voters and mornitors. Basic of the design is the principle Active Control Teofinol. err Airplane Design Jun 1975 14 p
of nmajority idecisiorn with eliminatron of a felled component. Finally (For availability lsee N75-30027 21-O1l
the Ousriruplee system represents a functional Integration of The Concorde Plight Control Systemn Is discussed along with
autopilot. stabilizatroir. air datas computation end built-in-test. its performnance. reliability. and behavior In flight Possible future
eqguipmernt Auhrdevelopments ter considered Author
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N76-30047 Socieae Nationale Industrialle Aerospatiele. Toulouse William F Grosse*. Wayne W Hollenbeck. and Don C Eckholdt
(France) In AGARD Impact of Active Control Teochnol. on Airplane Design
DESIGN OF AN ENTIRELY ELECTRICAL FLYING CONTROL Jun. 1971 18 p refe (For availabllity see N75-30027 21-01)
SYSTEM The technical details am presented of the development of
G Brorhanrie. R Deque. and M. Bossard In AGARD Impact the Active Lift Distribution Control System (ALOCS) for the C-.A
"of Active Control Tochnol on Airplane Design Jun 1975 13 p aircraft. A structural loads, and flutter-control system interaction
(For availability sea N75.30027 21-011 are developed in such a way that the unique aspects of the

After reviewing the reasons for using entirely electrical flying analysis. asroelaslic wind tunnel test. end flight test portion are
controls. that is controls without mechanical standby systema. bound together to indicate the system design characteristics
and defining the control modea available for a transport aircraft, performance The purpose of the ALDCS is to reduce gust and
the general michitecture of the system is described It Is shown maneuver incremental wing root bending momnients while
that if safety requirements impose minimum redundancy, several minimizing the effects of the control syvtom on torsion, flutter.
porecautions must be taken for the theoretical reliability achieved and flying qlijalities. Those criteria are based on axial load
by this rodundeanc to be real The equipment required is reduction aa moans of improving wing fatigue endurance without
described briefly From a maintenance point (1 itiw, tlhe complexity significantly affecting existing fluttOr margins or handling
of the system is coimpared with that uf the flying control& on qualities. Even though this Is a retrofit system which was reciuired
existing aircraft. Author to use as much existing hardware as possible, throughout the

flight test all desilrn ptals were met. The system Is currently
planned to be mr-- ' ^tured and installed on the fleet duringN78.3004S9 Royal Airorellt Erutebliahment. Farnborough lEniglendl ienx lvrlylrAto

Flight Systems Dept tre next several yas. Author

THE HUNTER FLY-BY-WIRE EXPERIMENT: RECENT
EXPERIENCE AND FUTURE IMPLICATIONS
F. R Gill and P W J. Fullham In AGARD Impact of Active N75-30052# Advisory Group for Aerospace Research and
Control Technol. on Airplane Dos.rn Jun. 1975 12 p refa Development, Paris (France).
(For availability see N75-30027 21-01) THE GUIDANCE AND CONTROL OF V/STOL AIRCRAFT

The impact of active control technology on the design of AND HELICOPTERS AT NIGHT AND IN POOR VISISILITY
future aircraft depends on the development of full-time sind full May 1975 281 13 ref. In ENGLISH and partly in FRENCH
authority contiol systemni which have an integrity similar to that Preasnted at the 18th meeting oa the Guidance and Control
of the basic airframe One of the malor items of the R and D Pariel of AGARD Stutlgart, 14.16 May 1974
Programme ini the UK which is aimed at providing this flight IAGARD.CP-146) Avail NTIS HCSS.75
experience with this system is described. The implications of Reports are presented concerning I1) requirements. taoke.
the future application of active control technology tra discussed and environments; (2) performance and design of low light,
in terms of the airworthiness problem, and the manner of designing infrared, and other sensors; (3) men/machine interface, (4)
systenis so as to ease the certificatiorn of high integrity, full-time navigation and guidance, and (l) implications on flight control,
and full authority control Author and autopilot design. For individual titles, see N75.30013 through

N75,30OI1.

N75-300490 National Aeronautics end Space Administration
Flight Research Center, Edwards, Celif.
"P.S DIGITAL FLY.SY-WIRE FLIGHT TEST RESULTS VIEWED
PROM AN ACTIVE CONTROLS PERSPECTIVE
Kenneth J Zlal and Dwain A Deets In AGARD Impact of N711-30013 Ministry of Defence. Sorm (West Germrany).
Active Control Technol on Airplane Design Jun 1976 14 p THE USE OF HELICOPTER CAPABILITIES IN BAD
tefl (For availabllity see N75.30027 21.01) WEATHER NEDS AND REQUIREMINTI FOR FUTURE

The resutts of the NASA F-B digital fly.by-wire flight test EQUIPMENT
program are presentee. along with the implications for active K W Ernst In AGARD The Guidence end Control of V/STOL
controls applicatlons The closed loop performance of the digital Aircraft and Helicopters at Night aind in Poor Visibility May
control system agreed well with the sampled-dlata system design 1978 5 p (For availability see N75-30052 21-01)
oresdiotions. The digital fly-by-wire mechanization also met pilot The operational requirements end problems for improving
fying qualities requirements. The advantages of mechanizing the the use of helicopters In bad weather conditions ara discussed
control laws in software became apparent during the flight program The charecteristlcs for the wide spectium of applications are
and wete realized without sacrificing overall system reliability. given along with flight profiles for bad weather. FP.D.
This required strict software management. The F-S flight test
results are shown to be encouraging in light of the requirame nts N7.-30054 Army Operational Teot and Evaluation Agency. Fort
that must be met by control systema for flightoriticet active Belvoir. Va.
controls applications Author TRADIOFFFB SETWIEN CREW TRAINING AND EXOTIC

EQUIPMENT FOR NIGHT AND POUJL WEATHBER PLYING

NT7-30050 Boeing Commercial Airplane Co. Seattle. Wash

USE OF ACTIVE CONTROL TECHNOLOGY TO IMPROVE Elmer R. Ochs In AGARD The Guidance and Control of V/STOL
RIDE QUALITIES OF LARGE TRANSPORT AIRCRAFT Aircraft and Helicopters at Night and in Poor Visibility May

1975 2 p [For availability see N75-30052 21-01)
Gerald C Cohen and Richard L Schonman In AGARD Impact The requirement for an all-weather, night flying capability Is
of Active Control Technol on Airplane Design Jun 1975 16 p discussed. The Rolutlon to achieving this capability is some
rfts (For avalsability see N75-30027 21-01) combination of man-machine capability. A comblnalion which

The anolyses. construction, end flgigt testing of two systems, must be reasonably attainable and which represents the beet
Beta-vane. end model suppression augmentation system IMBAS). balanue between the benefits and burdens associated with both
which were developed to suppress guut induced lateral accelera- the man and the machine. If the focus Is weighted toward the
tions of large aircraft are described. The Boeing 747 transport man portion of the equation in order to reduce the rnachine
wea used at the test vehicle The purpose of the Bets-vane cost and maintenanco burdens, the risk is faled Of creating en
system is to reduce acceleration levels at the dutch roll frequency inacceptable training burden. If the focus shifts too for toward
whereas the function of the MSAS syatem ia to reduce the machine solution, the converse overburden may result. A
accelerations due to flexible body motions cauaed by turbulence. first step in attacking the problem is to determine the boundaries.
Data front flight test. with both systems engaged, shows a The outer boundary is represented by the state of the art while
0-70 percent reduction in lateral aft body acceleration levels the Inner boundary is a full appienlation of what can be

It i1 suggested that present day techniques used for developing accomplished with current assets, A clear understanding of this
dynamic equations of nmntion in the flexible mode region are inner boundary or base line is necessary to oh)ocitnely assess
limited These techniques produce results which are satiefactory the additional man-machitne requirements which will provide a
for analyzing dynamic oads and stability pi•bhlems. but may be viable night. foul weather flying capability. Author
Insufficiunt for development of active control systems operating
in the same frequency region Author N75-30055 Army Combat Developments Experimentation

Command. Fort Ord, Caiif.
N71-30061 Lookheed-Georgia Co. Marietta. EFPECT ON NAP-OF-THI-EARTH REQUIREMENTS ON
THE C-SA ACTIVE LIFT DISTRIBUTION CONTROL SY8- AIRCRIW PERFORMANCE DURING NIGHT ATTACK
TEM HELICOPTER OPERATIONS
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hr AGARS) The Guidance end Control of V/STOL Aircraft end arrangemente for the pilot. These additional requirements depend
nelicopters at Night end dn Poor Visibility May ircaf 10 n on the planned mission* end on the possibilities. which arm givenrefi (For atvNihbility see N7Po30052 21.01V by the type of helicopter. As important ocnditions for special

Night nap-of.the-elrth (NOE) flight is described as it relates missions deicing. noise reduction. infrared and radar camouflege

to three major areas mnn. machine, and operational use. The will be discussed. Author
findings and operational experience reported were encountered
in exploratory efforts for a major field experiment. Activities N76.30059 Royal Aircraft Establishment, Farnborough (England)
discussed include aviator selection end training, psychological HELICOPTER AVIONICSi UK RESEARCH PROGRAMME
and physiological effects, mission planning. map reading and
terrain interpretation. aircraft handling, areergency procedures. If. B. Johnron In AGARD The Guidance and Control of V/STOL
and man-machine operations Behavioral research requitrements Aircraft and Helicopters at Night and in Poor Visibility May
and other needs established for night NOE training ard opera- 1975 7 p rite (For aveilability see N75-30062 21-OI)
tions by current scout and attack helicopters are presenited, and A limited review of the status of UK avlonic systems for
a training program for night NOE training ts offered as a generai helicopters is given and the current rneeds of military helicopters
guideline Author discussed. The rapidity with which the use of helicopters hos

grown Is such that i is no longer possible to moet these needs
by simple modification of off the shelf equipment A program of
research end development work apecificealy directed towarda theN75.30054 United Aircraft Corp. Stiitford. Conn. vlkoreky needs of helicopters is outlined, This program is centered aroundA Ircraft Div the use of a Sea King Mk I helicopter and Is aimed at equippingH.53 NIGHT OPERATIONS this vahicle with a number of new equipments in the areas of

Richard L. Mills In AGARS The Guidance and Control of flight control, electronic dieplays and computer aided navigation.
VSTOL Aircraft and Helicopters at Night end in Poor Visibility Particular emphasis is pieced on the development of night visionMay 1975 8 p refs (For availability see N711-30O52 2101) systems for use In helicopter* and in experimental pilot's TVThe H.53 Night Operation System (NOS) includes night vision system Is desoribed. Thes will be uen d to explore fundalmentl
equipment and in approach and hover coupler. The automati laspects of imaging systems prior to the use of an LLTV cameraapproach and hover coupler subsystem permits the pilot to for typical night flying tasks. Author
transition autonatlcally over Ill types of terrain, including
mountains, from search altitude artd crulae speed to a hover
and automatically maintain the hover. The night vision equipment
extends this capability to night flights. The basic system was N76.•SOWO Naval Weapons Center, China Lake. Calif.
declared operational by the United States Air Force following a MICROWAVE RAbIOMITRIC ALLWEATHIR IMAGING
nirity.day combat evaluation in Southeast Asia. It is aiso used AND PILOTING TICHNIQUISby foreign military. Extensive flight testing arid operational useI Robert P. Moore In AGARS The Guidanceaend Control of
have lci to additional development tests to further the capabilities VITOL Aircraft and Helicopters at Night and in Poor Visibility
of NOS. Flight test results of a tirototype symbology generator may 1975 10 p (For availability see N75.30052 21.01)
and prototype electronic locartiti im.4qr hover coupler are discussed The Naval Weapons Center (NWC(, Chins Lake. Calif., U.S.A.
along with the night villor a ,ipi-,tnt end the approaoh and has developed a millimeter.wave radiometer capable of producing
hover coupler. Author high.quallty images, Automatic terrain correlation aircraft

navigation was demonstrated using roal-time in-flight digital
N75320057 Human Engineering Labe., Aberdeen Proving Ground, processing For V/STOL aircraft and helicopter applications during
Md. hover and descent, a system capable of rapid two-dimensional
US ARMY IXPIRIINCE IN LOW-LEVEL NIGHT FLIGHT scanning will be the most useful, It Is Indicated that automiatic

navigation can be carried out with a very economical nontsanning
Robert W. Bauer In AGARD The Guidance and Control of device. Author
V/STCL Aircraft and Helicopters at Night end In Poor Vieibility
May 1975 6 p refs (For availability see N75.30052 21.011 N75-300S1 Royal Aircraft Establishment, Farnborough (England).

During the period of U.S. conflict in Southeast Alia there Instrumentetion and Ranges Dept.
were a number of air operations conducted under adverse visibility APPLICATIONS OF LOW LIGHT TILEVISION TO HiLICOP.
conditiona or at night. There were even a few night operations TIR OPERATIONS
Involving large numbers of aircraft, but most were made up of R, J. Corps In AGARO The Guidancs and Control of V/STOL
one or two aircreft. engaged in an insertion, extraction, long-range Aircraft and Helicopters at Night and in Poor Visibility May
patrol or supply movement. Some lessons learned from these 1975 2 p (For availability see N75-30052 21.01)
experiences are reviewed. Current developments and testing have The status of LLTV systems in the UK is reviewed. With
demonstrated an improved capability In night flight, using either the aid of olne film. practical results which have been obtained
selected sperjliaists without night vision systems or a wider group with several systems from helicopters during recent years are
of aviators aided by the night vision goggles. The elictrolumineu- presented. Author
cent formation flight lights and rotor-tip lights have greatly
Increased safety in formation flights at night. But each approach N7S.2oog2 Army Eiectronics Command. Fort Monmouth, N.J
has been hampered by design limitations in display panels, poor Avionics Lab.
lighting quality and poor lighting control in the aircrew stations. AN OPTICAL RADAR SYSTIM FOR OBSTACLE AVOID-
Landing in dark unimproved areas. navigation over unfamiliar ANCE AND TERRAIN FOLLOWfNG
terrain and target acqulsition also present special problems which C. M. Kelllngton In AGARO The Guidance and Control of
have not yet been completely ovarcome. Author V/STOL Aircraft and Helicopters at Night and in Poor Visibility

May 1976 6 p raft (For availability see N7I-30052 21-01)
The operational requitements are discussed for obetacle

avoidance and terrain following syatems, the nature of obstaciles,
N75.300N Meeserschmitt-Boelkow-Blohm G,m.b.H., Ottobrunn the tradeoff considerations involved in the selection of a laser
RWest Germany)T for a system and finally e unique state of the art carbon dioxideRIIGURIPIMANTI FOR OPERATION OF LIGHT HILOOP- IC02 - 10.6 micron)laser radar system presently under
TI$S AT NIGHT AND IN POOR VISIUIIUIY dsvelopment Atmospheric penetration propertes of the 10 micron
M. Red@ In AGARD The Guidance and Control of V/STOL radiation which permit moderate weather operation aro de.Aircraft arid Helicopters at Night and in Poor Visibility May duced The main thrust centers around a technical description
1975 12 p refs (For avaliblllty ase N71-30082 21-0t1 of the C02 system which Is called the Laser Obstacle/Terrain

Normally the VTOL-ability of heliooptets is not used under Avoidance Warning System ILOTAWB}. System paremeters eg
Instrument Flight Rules. For helicopter mIssions it night end in 30 KHc pulse rate, 10 watts average power. 1/3 milliradian
poor visibility special devices are necessary, but there are only beemwidth. 300 nanosecond pulse width, 20 dog x 20 dog
some experlmental systems partly derived from devices for fixed fieid of view. etc.. sid the methods by which they are achieved
wing aircraft. Basic requirements for normal misliona will be are discussed. Other system characteristics including the iocai
defined. They Include handling qualities, navigation equipment oscillator, IF bandwidth, AFC Ioops. scanner and son patterns,
and landing side. The use of sensors giving high definition pictures signal processing, and display to the piiot are discussed. Finsily.
of the terrain in nonvlsual conditions are considered. Secondary plans for integration of the LOTAWS with other airborne
requirements are generated by sotae problems resuiting from equipment, Including forward looking IR sensors and flight tests
the full use of the all weather capebility. They coneist of the beginning In 1974 are outlined Author
concept of automatic fllght-control-eysteme and diaplay-
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N1173006 Royal Radar Establishment. Malvern (England) two systems in general but that operational constraints will govern
Airborne Radar Group. the choice between them. Author
IR THERMAL IMAGING SENSORS FOR HELICOPTERS

F. A Holmes In AGARD The Guidance and Control of V/STOL
Aircraft and Helicopters at Night and in Poor Visibility May N7Me3hnia7 Princeton UnIv. NJ. Dept of Aerospace and

1975 4 p iFor availability see N75.30052 21.01) Mechanical Sciincta

The general requirements are considered for night vision DISPLAY FOR APPROACH AND HOVER WITH AND
sensors which can assist the helicopter crew in their flying and WITHOUT GROUND REFERENCE
tactical tasks during night operotionu It Is showr that two classes Theodor Ai Dukfs In AGARD The N uidhnce and Control of

of sensors are needed, one for the pilot to fIy the helicopter V/STOL Aircraft and Helicopters el Night and i Poor Visibility
and the other for surveillance and target acquisition The May 1975 9 p refs lFor availability see N75.30062 21.01)
performance parameters required for each class of sensor are (Contracts OAABO?.72.C,0.161. OAAB07.74-C-005t)
analy]ed arid some of the constraints and compromises on the The various elements of light variable inforinatin available
sensor design are considered The parameters thus derived show from an irage dilplAy are discussed from the point of view of
that a common sensor is not compatible for both the flying and Image enhancement by means of superinposed symbology The
"target acquisition functions. Some of the vehicle integration and signifioance of a heading reference for accurate positioning isSsystems interface aspects are discussed to indicate that the emphasized. Two particular symbology formatls are described.
final cost-effective choice is moat likely to be determined from For approa.h and hover unaided by ground based Inetrumentatlon,
the overall system considerations rather than that of the IN the position information obtainable from an image display is
sensor. Display requirements for both functions are shown to improved by superposltion of en electronioally atabilized 'terrain
lied to larger units than are currently considered possible for marker'. If a radiating point source Is available on the ground.
cockpit Installation. and matching of the sensor display and quantitative error Information can be derived from suitable
operator performances are likely to be the main problem in future instrumentation, and the deviation from a nominal point can be
systems. Author displayed supierimposed on the image. Additional flight variable

information (horizon. airspaad, climb rate, etc.) is also incorpo.
SN7S.30064 Army Night Vision Lab., Fort Belvoir, Va. rated. Author

NIGHT VISION IMAGING SISTIM DEVELOPMENT FOR
LOW LEVEL HELICOPTER PILOTAGE N75,30068 Royal Aircraft Establishment. Farrnborough (England)
KaIr Stich In AGARD The Guidance and Control of V/STOL Avionics Dept.
Airoraft and Helicopters at Night and in Poor Visibility May THE FLIGHT DEVELOPMENT OF ELICTRONIC DISPLAYS
1975 5 p (For availability sea N75.30052 21.01) FOR V/GTOL APPROACH GUIDANCE

Flight test data of low lavel night operations in UH.I J. N. Barett and R. 0 White In AGARD The Guidance and
helloopters using aleotro-optlcal Image forming sensors as a pilot Control of V/STOL Aircraft and Helicopters at Night and in Poor
flight aid are presented, along with details of the systems used Visibility May 1975 1a p refs (For availability sea N75.30052
in the Investigations, Significant findings and major problem 21,01)
areas driving future work iar given along with some present Two series of flight trials are decaribed which were aimed
night vision pilot aide. Finally, long range night vision developments at the development of electronic displays for the approach
for helicopter pilotage are examined. Author guidance of V/STOL aircraft In visual and IFR conditions. The

first series of trials was flown in the Cenaddir CL84 and was
aimed at extending the approach capability of current operational
V/STOL aircraft The aecond, flown In the Shorts SC 1. investigated

N75.-3006 Army Electronics Command, Fort Monmouth. N.J. the terminal guidance of Inter-city VTOL transport aircraft.
Avionics Lab. Performances achieved in the two triala are discussed, and display
LOW LEVEL NIGHT OPERATIONS OF TACTICAL HELICOP. and flight control systtiem changes lare recommended. Author
TIEN '"...

William J. KennrtalIy In AGARD The Guidance and Control of N75T.U30O Royal Aircraft Establishment. Famborough (England).
VYfITOL Aircraft and Helicopters at Night and In Poor Visibility Experimental Flying Dept.
may 1975 14 p refs (For availability see N75.30052 21.01) PILOTING ASPECTS OF V/ITOL APPROACH GUIDANCE

Initial results are presented of the U.S. Army's Low Level
Night Operations Program, an on-going research program to define C. C. Rustin In AGARID The Guidance ard Control of V/STOL
Avionic equipment perameters for low level night and adverse Aircraft and Hliuopters at Night and in Poor Visibility May
weather conditions, Results of the program Include quantitative 1975 9 p refs (For availability see N75-3002 21-01)
data on the performance of pilots flying at low lavel with varying A pilot's viewpoint It presented of the results of the handling,
levels of avionic equipment augmentation (e.g, none. Night Vision display, and operational aspects encountered during the flight
Goggles. FLIR, LLLTV end Radar); simulation and experimental trials of the CL.84 arid SC.I aircraft Author
flight test data on conceptual systems le.g symbolically
augmented visual imaging systems) as well as eaxprimental N75.30070 Bell Helicopter Co. Fort Worth. Tax
measurements of various candidate hardware for obstacle RESEARCH ON DISPLAYS FOR V/STOL LOW.LEVEL AND
detection. The results are utilized to develop preliminary concep- IMC OPERATIONS
tual avionic systems for low level night operations as well as to Dora Dougherty Strother and Hubert W. Upton In AGARD
Identify areas in which additional resenrch is required Future The Guidance and Control of V/STOL Aircraft and Helicopters
research efforts directed to idantified barrler problems are also at Night and in Poor Visiblilty May 1975 11 p refs (For
presented. Author availability is@ N75.30052 21.01)

The results of several research studies covering cockpit
NT7.-3006 Royal Radar Establishment, Malvern (England). diaplays and their effect on the performance of helicopter pilots
TERRAIN AVOIDANCE RADAR USING OFF-FORESIGHT These studies evaluated displays used for the guidance and control
TECHNIQUES of helicopters at night and In restricted visibility, especially for
W. M. Nixon In AGARD The Guidance and Control of V/STOL operations at extremely low altiludes. Author
Aircraft and Helicopters at Night and in Poor Visibility May
1975 6 p refs (For availability see N7S.30052 21.01)

The two dimensional techniques (height. range) used in
Terrain-Following systems were extended to threa-dinrenelons N75.30071 Human Engineering Labs .Aberdeen Proving Ground.
(height, range, distance off.treckl bV the uke ol off-boraisght Md
processing. Such techniques enable the high data rate volumetric FLIGHT SYMBOLOGY AUGMENTATION OF SENSOR
cover required in Terrain- Avoidartoo (TA) systems to be achieved. DISPLAYS
Various methods of off-boresight processing ero mentioned arrd Willilam B. Dellelis and Clarence A. Fry In AGARD The Guidance
the amplitude/phase conversion method used in an experimental arid Control of V/STOL Aircraft and Helicopters at Night and in
UK, monopulse radar is described In some detail. Signal validation Poor Visibility May 1971 8 p refi lFor availability sma N75-30052
techniques which reject signals of small amplitude or which appear 21-01)
from outside the calibrated angullr range of the system are A study is described in which scales ware designed to provide
described and a poesible method of presenting the TA information altltuda, airspeed, and heading Information, and ware combined
to e pilot Is shown. A simple approach was made to the compariton into slx candidate flight display formuts. Both moving and fixed
of amplitude monopulee and Interferomeler systems. It is scales era considered. A repeated measure factorial experiment
concluded that there is little difference in the sensitivities of the was designed to use reeponse time and control error as dependent
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variables, and display format and scale indication as independent Aircraft and Helicopters at Night and In Poor Visibility May
variables Twelve Army aviators flow eacl format under static 1975 7 p refs (For availability see N75.30052 21-01O
base simulation condlilon by providing a cyclic control stick Microwave aircraft digital guidance equipment (MADGE) is
response to various scale value changes. It was hypothesized a portable approach end landing aid suited to tactical operations
that display formats with markedly differing scale types would involving helicopters, V/STOL. or fixed-wing aircraft operating
strongly affect the pilot's response times and errors. but Into secondary airfields and confined landing sites. The equip.
multivariate and unlvariate analysis of variances did not verify ment is capable of providing the equivalent of civil category-li
this hypothesis. There were pronounced differences, but only performance when deployed at runway threshold or on a helicopter
between Individual scale indications. Significant differences in pad. Rapid deployment is possible by two men, and the equipment
pilot performance between display formats vioe from differences can be operational within 15 minutes of arrival at the landing
in scale factor rather than from the types of scales Author site. Up-dated information is provided on the development status

of the equipment: some aspects are describld of exploitation of
N75-30072 Standard Electrik Lorent A.G.. Stuttgart (West the system's flexibility afforded by the integral two-way s&lectively
Germany) addressed data link in conjunction with the wide-angle coverage
NEW RADIO NAVIGATION AIDS BASED ON TACAN end availability of aircraft coordinates both in the air arid on

PRINCIPLES the ground. Author
M. oehim and E Coors In AGARD The Guidance and Control
of V/STOL Aircraft and Helicopters at Night and in Poor Visibility
May 1975 22 p (For availability see N75.30052 21.01) .

The German TACAN lamily concept with MITAC as an N75-20070 Air Force Avionics Lab.. Wright.Patterson AFS,
advancled micro-TACAN airborne equipment, FOTAC as a station Ohio.
keeping system, ORTAC.M as a new enroute navigation aid, DEVELOPMENTAL MICRON LABORATORY TEIT RE.
and SETAC as a landing aid, meets tactical requirements for 1U.LTI
cargo as well as attack helicopters with reasonable cost of Robert R. Wercynski and George C. Radio In AGARD The
procurement and ownership. Small radio aids for special purposes Ouidonoe and Control of V/ITOL Aircraft and Hallootors at
can be derived from this equipment family (for example. short Night aend in Poor Visiblity MLy 1975 3 Ac (For d iHelacerlty
range omnidirectional beacon ISROBI). The TACAN.mini-beacon see N7di30052 21P01)
SROB works with a 15 Hi-modulation-signal only. and gives A moderately accurate, low ostt of ownership Inartil navigator
omnidirectional azimuth and distance information to en aircraft system, called mlcro.novigator (MICRON) was developed which
within 30 NM of the station. The antenna system works without will satisfy a wide range of applications including V/STOL aircraft
movable parts and generates a rotating cardoiod-pettern by feeding and hellcopters. The gyroscope for MICRON is on electrostatic
RF-energy from an electronic goniometer to fited radiating gyro IESI) operated in a strapdown mechanization, The gyro's
elements. Precautions were taken to achieve highly preocle performance in a developmental MICRON system, designated
horizontal patterns Independent of the operating frequency, thus the NSA-1. was verified. The NB7A-1 was subjected to heading
keeping the inherent error of the system F Iles thin or equal to sensitivity, repeatability. scoreby, shook, vibration, angular rates,
3 deg over the entire TACAN-bend. lrperiments under field cold toak, end mobile tests; over 70 navigation runs were
condlitions, using a normal TACAN-alrborne-aqulpnment, show the conducted. The N57A.1 demonstrated performance better thin
desired operational properties of the system. Author the goals of 1 nm/hr and 5 ft/see for all tests. Author

N71-30077 Boeing VertOl Co.. Philldelphia. Pa.
MIAVY-LIPT HELICOPTER FLIGHT CONTROL SYSTEM

N75-30073 Office National d'Etudes et do Reoherohes DESIGN
Asrospatiales, Paris (France). E.D. Diamond and J. M. Davis /n AGARD The Guidance end
A GUIDANCE SYSTEM FOR FIXID OR NOTARY WING Control of V/STOL Aircraft and Helicopters at Night and in Poor
AIRCRAFT IN APPROACH AND LANDING ZONIS Visibility May 1975 10 p (For availability see N76-30052
Join Bleson In AGARO The Guidance end Control of V/STOL 21.01)
Aircraft and Helicopters at Night arid in Poor Visibility May The Army heavy-lift helicopter {HLH) Is doelgned to operate
197"5 8 p roes In FRENCH: ENGLISH summary (For availability under instrument flying conditions. Dynamic performance,s.
seo N75.30052 21.010 reliability. and survivability considerations, led to selection of a

The proposld system for guiding fixed or rotary wing aircraft fly-by-wire flight control system with no mechanical backup.
in approach and landing iones makes use of the time-frequency Present helicopter handling qualities are generally not acceptable
principle. It ensures all weather guidance over a few kilometers to fly with heavy external loads (up to 35 tons In the HLH
or, In a more sophisticated form, the ground control of aircraft cat) Into unprepared areas under instrument conditions. This
in approach. It is based on the measurements of the distance mission required development of now helicopter handling qualities
separating the moving vehicle from a number of ground stations. including automatic precision hover hold, linear velocity control
Its main advantages are: the use of independent massurements, responses, load stabililation, and automatic approach to hover
time multiplexing avoiding froquency cluttering, and the possibility Efficient hover and low-speed operstions neceadittmd Inocorphora-

of entering into a multifunctlon integrated system. Author lion of a rear-facing otation for e toad controlling crewman,

who has separate aircraft controls optimlied for the precise
N75.30074 VDO-Luftfahrtgarants Work Adolf 5ohlndllng maneuvering and trim-hold functions required for cargo transfer
G.m.b.H., Frankfurt (West Germany). Development of the HLH primary and a•tomatl flight control
THEI NUCLEAR LANDING AID FOR HELICOPTERS DURING systems is discussed. Partinent flight simulation and hardware
THE FINAL APPROACH PHASE ground- and flight-test resulte are reported Author
Karl H. Butch /n AGARD The Guidance and Control of V/STOL
Aircraft and Helicopters at Night and in Poor Visibility May N75-30071 Royal Aircraft Establishment, Farnborough (England)
1975 13 p (For availability see N75-30052 21-01) HELICOPTER AUTOMATIC FLIGHT CONTROL SYSTEMS

A method and procidure are described for landing a helicopter FOR POOR VISIBILITY OPERATIONS
in poor visibility on a beam generated by two gamma-ray sourceb. P. Robinson. J. L Hollington (Smiths Industries Ltd.). and J
The olle soutrc gives the pilot the distance on the flightpath to Meadows (Smith@ Industrias Ltd.) In AGARD The Guidance
go and to land safely in front of the source, the other gives and Control of V/STOL Aircraft end Hilicopters at Night and in
pitch- and bank-commands Indicated with a crose-pointer- Poor Visibility May 1975 13 p rofl iFor availability see
instrument The aim was to got a light weight, unsophisticated N75-30052 21-O1)
device with simple ground equipment for which batteries and Operations are described which helicopters may be required
power generators can be omitted. The prototype-equipment on to slurry out at night and in poor Visibility Because of the very
board the helicopter consists of three gamma-ray detectors and high Pilot work load likely to arias in these situations, it is
one electronic box to drive the instruments, while the ground shown that the helicopter should be equipped with an autostabill-
equipment consists of one shielding case with both the iouices zation system having a defect-survival capability One system
ard collimators inside. The center line of the baems can be which meets this requirement was developed foi installation and
adjusted to different pitch angles by turning the case around trail, in a Sea King helicopter. This system 13 triplex, with digital
the horizontal axis. Author computation and his the development potential to include

autopilot facilities, sophisticated control techniques, and extended
N7B.-0075 MEL Equipment Co. Ltd., Crewley (England) system redundancy The redundancy philosophy together with
DEVELOPMINTS IN THE MADGI LANDING AID salient delsign and engineering details of the system are
0. Alter /n AGARD The Guidance and Control of V/STOL described. Author
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N175-30079 Sperry Rand Corp. Phoenix. Aric presented which were directed toward understanding the fluid
AN AUTOMATIC FLIGHT CONTROL SYSTEM FOR A mechanics of attached and separated regions of shock wave.
HEUCOPTIR NIGHT LANDING SYSTEM boundary layer interaction in the supersonic and hypersonic flow
R. J. Miller and E R Tribkern In AGARD The Guidance and For Individual titles, see N75-32002 through N75-32007.
Control of V/STOL Aircraft and Helicopters at Night and In Poor
Visibility May 1975 9 p reft IFor availability see N75-30052. N75.32002 Aerospace Research Labs.. Wright-Patterson AFS,
21.01) Ohio

An automatic flight control system (AFCS) is described which THEORETICAL MODEL FOR VISCOUS INTERACTIONS
provides the vehicle with handling qualities sufficient for the
pilot to perform IFR approach arid landings marrually. using cockpit Wilbur L. Hankey. Jr In AGARD Two-Dimensional Shock
displays It provides absolute maximum operational simplicity so Weva.Boundary Layer Interactions in High Speed Flow Jun
as not to contribute to cockpit workload already increased by 1975 p 2.13 (For availability see N75.32001 2.3-01)
the requirement to operate display controls The AFCS provides Theoretical development employing the boundary liyer
stability and cormanrrd augmenrtation in pitch, roll and yaw. and equations for irrteracting flows is discussed. Although difforences
the pilot relief functions of pitch. roll. haading hold. and both in details exist betweun the various approaches. a general
barometric and radar altitude hold, To provide the improved recipe has evolved for solving this class of flows, and a procedure
handling qualitlee required for the night landing problem, feedback was developed which nearly guarantees success. The followinggains and $hoping were chosen to attenuate basic Aircraft is a list of the necessary ingredients: 01) boundary lover program;response, and to provide model following of the closed-loop (2) simple Inviecid equation; (3) couple the boundary layer with

system. The rationale behind the specific aircraft response provided the invisold flow end solve simultaneously; (4) Initiate the program
by the system for this mission, the establishment of the with erbitrary initial conditions end iterate on these until the
oporationrl characteristics and procedures, and the mpliementation desired downstteoam boundary condition s satisfied, and IS)
of the system are deacribod In detail. Author computing the reversed flow region. Author

O711h171 2003 Aerospae Research Labs.. Wright.Patterson AF9.
Ohio.

N75-30080 Societe do Fabrication d' Instruments de Masure SPICIAL TOPICS
SFIM. Messy (Franco). Wilbur L. Hankey, Jr, In AGARD Two-Dimensional Shook
LOW VIBISILITY APPROACH OF HELICOPTERS AND ADAC Wave-Boundary Layer Interactions in High Speed Flows Jun.
AIRCRAFT [L'APPROCHI BANS VISIBILITIE DE1 1976 p 13-40 refs (For availability see N75-32001 23.-01)
HELICOPTIREI IT DES AVIONG ADACM CONSIDERA- Two Integrodifferentlal equations for the shear stress and
TIONS SUP LE DIVELOPPEMINT MT RISULTATB OPERA. heat transfer at the wall are included in place of the set of
TIONNIELSI partial diffentlentl equations. The integral form is most usefui
J. C. Griard In AGARD The Guidance and Control of V/STOL when employing approxlmate techniques in that an integration
Aircraft and Helicopters at Night and in Poor Visibility May tends to compensate for errors whereas a differentiation megnifies
1975 22 p In FRENCH (For availability see N75-30052 21-01) inaccuracies, Author

The development of prolonged helicopter flight capability
without visibiiity was examlned. Automatic pilots and stabilization N711.32004 Celopen Corp.. Buffalo, N.Y.
equipment were studied so possible methods of developing such THE DEVELOPMENT OF MODELS OF SHOCK WAVE
flight The SFIM principle wee used to develop a family of BOUNDARY LAYER INTlRACTION
automatic pilots for utllization In 6A 330. SA 321, end the Michael S. Holden In AGARD Two-Dimennsional Shock
Alouette 3 VSV series helicopters, Operational results covering Wave-Boundary Layer interactions in High Speed Flow Jun.
flight approach, control, and direotlon are given. 1975 p 42-44 (For availability see N75-32001 23-01)

"transl. by E.H.W. Theoretical study of shock wave-turbulent boundary layer
Interaction in supersonic and hypersonic flows In presented. The

N711.t0001 Novel Air Test Center, Patuxent River, Md. Flight Crocco.Laes method in a modified form was used successfully
Test Div. to doscribe complete regions of shock wove-laminar boundaryUB NAVY VTOL AUTOMATIC LANDING SYBITIM DEIVELOP. layer interaction In supersonic flow. if the mixing rate parameters

MINT PROGRAM were deduced from esperiment. The analyses, to describe laminar
Robert 5 Buffum, Richard W, Huff. end Gerald L. Keyser in and turbulent boundary layer separation, contain moat of the
AGARD The Guidance end Control of V/STOL Aircraft and features which are now used in analysis of viscous Interaction
Helicopters at Night and in Poor Visibility May 1975 8 p (For regions. JA.M.
availability see N75-30052 21-01]

The role of fixed and rotary wing VTOL in military missions
Was expended with the advent of the light airbornie multipurposep
system and the ese control ship concepts. A project is described EXEIM320NA Ca ILpIn Corp.. BuffaloD N.Y.
to coordinate the various technologies which Impact on the EXPERIMENTAL FACILITIES AND MEA*UREMENT T1CH-
capability of tha pilot, the aircraft system ard the landing NIQUES
environment, with a goal of an approach, hover, said landing Michael S. Holden In AGARD Two-Dimensional Shock
under Instrument meteorological crndillons. A numnber of display Wave-Boundary Layer Interactions in high Speed Flows Jun.

1975 p 44-49 lFor availabiltiy see N475-320011 23-01)and automatic control system development programs which will Most e experiml ste of 23-du}
be of signfilcance in the VTOL hover and landing are discussed. Moat early experiiental studies of laminar and turbulentHovering vehicle versatile autornatic control is it research and separated regions were conducted in conventional continuous or
development automatic flight control system which was utilizad blowdown tunnels; there is in increasing use of facilities such
in develop the requirements for VTOL automatic approech, hover, as shock tunnels, gun tunnels. and Ludwleg tubes to Achieveand landing. The test program to dqle Includes systet definition high Reynolds and Mach numbers. These litter facilities areof the vehicle dynamics via t sin c wive forcing function discussed Heat transfer instrumentation is studied, along with

method. Curved and straight path approaches were controlled a urface and flow flmd pressure measurements. Total semperdture
by the airborne digital computer In a simulated microwave landing and hot-wire anemometer measurements are considered; finite
system environment. Author span effects are also examined J AM.

N71.-320011 Advisory Group for Aerospace Research and N75-32008 Cailpan Corp, Buffalo, N.Y.
Development. Paris (France). SHOCK WAVE-LAMINAR BOUNDARY LAYER INTERAC.
TWO-DIMINSIONAL SHOCK WAVE-BOUNDARY LAYER TIONS
INTERACTIONS IN HIGH SPIED FLOWS Michael S Holden In AGARD Two-Dimensional Shock
J. J. Ginoux, act. (Von Korman Inst. for Fluid Dyn.) and R. H. Wave-Boundary Layer Interactions in High Speed Flows Jun.Korkegl. ad (ARL) Jun 1976 117 p reft 1975 p 48-58 (For availability see N75-32001 23-01)
IAGARD.AG-203; AGARDograph-203) Avail: NTIS HC $5.25 Qualitative features, strong interaction regime. leading edge

Two dimensional supersonic interactions are reviewed, bluntness, and surface curvature affects of shook wave-Iminar
including separation for laminar and turbu;ent flows. Theoretical boundary layer Interactions were studied. Solutions in the weak
developments in Interacting flows are discussed. along with regime Interaction regime. strong interaction ragime. and normal
numerical techniques for calculating these flows, using finite pressure gradient were compared to experimental measurements
difference and intsgrol methods. Experimental studies are aiso of the integral forms of the boundary layer equations. J.A.M.
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NIS532007 Caispan Corp.. Buffalo, N.Y. buffeting, are due to the presence of mote or less osrendad

SHOCK WAVE-TURGULENT BOUNDARY LAYEN INTURIAC- regions of separated flow Those are directly or indirectly related
TIONS to the sthock waves which form on tha aircraft in the transonic

AMichael S. Holden In AGARO Two-Dimensionoi Shock speed regime Prediction of what will occur in flight must be
Wave-Boundary Layer Interactions in High Speed Flows Jun based on wind tunnel tears in view of the difficulty to theoretically
1175 p 58-1 10 refs (For availability see N75-32001 23-011l predict flows with separated regions in the general rcaso Taking

Boundary layer transition wes studied at high speeds Heat into account the continuous increase ii flight Rleynroldsa tiubeis
and skin friction measurements were compared with turbulent duo to increasing aircraft ail*. titer. is a nieed for higher Reyirolda
theories incipient separation. separated turbulent interaction numbers, wind tunnels. Author
regions, and unsteady characteristics of turbulent separated
interaction regions were also investigated J.AM. N76-14022* Advisory Group for Avrospacrir Flsaiarrtc arid

Development. Paris iFrance)
DYNAMIC RESPONSE OF AIRCRAFT STRUCTURE

N76-14010# Adtvisory Group for Aerospace Research and lIn AGARD The Effects of Buffritingj airil oillia Traurtijonic,
Developmrent. Paris lFroncol Phenomeina on Miinotiveiirrp Combiat Anircaft Juli 1975 p 21 44
THE EFFECTS OF BUFFETING AND OJTHER TRANSONIC (For availability asse N76 1401801 01 Dl
PHENOMENA ON MANEUVERING COMBAT AIRCRAFT (Contract NAS2414751
Jul. 1975 27d p refs The physical end mathematinal problems associastrd with tiria
IAGARD-AR-021 Avail: NTIS HC $9.25 response of elastic sltructures to ranidom excitations such as

A number of papers weril presented dealing with various occurs during buffeting and other tranisunic phenomena were
aspects of buffeting. Its citses&, end Its effects on maneuvering discussed. The following subjectsl were covered i1l general
combat aircraft. Some of the subjiecta discussed include, dynamic sys~tem Consisting of the aircraft structure, the aerodynam-
operational proiblems at transonic speeds, humnan factors to driving forces due to separated flow, anti the aerodynamic
engineering, flow distribution at transonic speeds, dynamic forces due to Aircraft structural motion. (2) structural and
response under buffeting conditions, stebility and control, flight aerodynamic quantities of the dynamic system with special
tests and wind tunnel techniques, aild effects of configuration emphasis given it) the description of the aerodynamic forces.
factors. o niiutlleseN6109truhN5 arnd including a treatment of sirmilarity laws, scaling effects. and
14031 Fridvda ilsse N7141 thog N6.wind ltunnai testing, and 13) methods for mists processing of

fluctuating pressure recordings and techniques fot reaponse0analysis for random escitationi A general buffeting flutter model,
N79-1401B Royal Aircraft Establishment, Bedford (England) which takes into account the Intieractions between the separated
THEI OPERATIONAL PROBLEMB IINCOUNTERED DURING and motion Induced flows was presented Rlelaxations of titls
PRECISE MANEUVERING AND TRACKING 005 modet leading to the forced vibration Mortal were explainedi
B. 1. L Hamilton in AGARD The Effects of Buffeting end Atithor
other Transonic Phenomena ott Maneuvering Cornbut Aircraft
Jul. 1975 p 1.8 (Pot availability see NIB.1401B 05i-011 N76-14023 Air Force Flight Dynamims Let,. W~riiitt-Pnllrsron

A summary of the nmain events thrat occur In air combat APR. Ohio.
anid affect Its maneuvers and handling limitations was provided. STABILITY AND CONTROL STATUS FOR CURRENT
The basic phases and conduct of air combat were first reviewed FIGHTERS
The following phenomena that MAY effect precise maneuvering W. G. Williarrin antI J L Lockerrour In AGAFID Tire Effects of
were defiined and described buffeting, wing rock, wing drop or Buffeting aridt other Tritnsorri Phreiiomiena on Manirreiivrng
roil off', nose slice or 'yaw off'. nose wander or 'snaking,. pitch Cma icatJl17 5b ~raalblt c
up, and departure. All thase phenomena can occur in transonic Cma icatJl17 1-5 Fraalblt o

flight and some of them may be found at the lower Mali N75.14018 obioti
numbrs.whee ar cmba isusully ondcte alot prtratedThe current slate -oft-fie. al of stability anid coiitrot technoiliogy

engagement. Other factors influencing air combat maneuvering frmnueigAdpeio rcigwsdsusd nldn

ame. control forces. harmoniastion. anti pilot induced osciliations. basic aerodynamicsa and aerodyniamic stability and control, flight
dispays.and orlioed Theuse f th fotowig sytemsittcontrol systent concepts, andi irtlruds of prediction and antalylsi

tracking was described; automatic flight controls and stabitity It was shown that the masintirn useebie maeneuveiring ca-
augmyentation, direct lift control and dtirect side force control. pabillity of present fighter aircraft is often limited to 'g' levels
reaction controls. Y , below ilia. namimurn aerodytramlir lift capability by stability, conritol

and handling itualltalsa degradiationis. In adtditiotn. handlinrg qtualities
N76-14020 Aerospace Medical Resesarchr Labs. Wrighit-Patterson degradations often prohibit precisiorn tracuting Althtoughr grose
AFB. Ohio. maneuvering rieav still be possible. Automatic flight ncontrol
AIRCRNEW CAPABILITIES AND LIMITATIONS systems (stability augmrentationr arid corrmmaid augnitrelation)tl er
B. N. Siarve in AGAFID The Effects of Buffeting arid other being ermployedi to correct marry of thu bare arftiarre dteticieincies

Transonic Phetnomena on Maneuvering Corerbat Aircraft Jul 1975 end additionial capability is being prrovidedi by antvaircamairte In

p 9.14 lFor availability see N76-140t8 05-01)i the firs contiol aystarriautoIi ~The pilot factors that can intluence aircraft tracking prrecisioni
during maneuvering flight and the effects of sustained andi vibratory
accelerations on humane Performraiice ware reviewedt The effects
of veriouse values of bulfering acceterations cii vision ware N76-114024 Air Fume Flight Dytrarircs Lab Wrigirt-Pattosracn
presented. it was pointed out that thes effect of sustairned AFS. Ohio.
accelieratiorn on tracking Is of tar tmors importarnce than that ot STABILITY AND CONTROL POTENTIAL FOR FUTURE
vibration in rilia curreirt operational enrvironmreneit Dograrlation iFIGHTERS

V effects of the following factorsi on pilot pertormaince were J L. LockenrIur slid W 0 Wili8111r1 lIt AGAIID Tira Effect of
discussed- noise, temnperaturre. fatigue. psychological mnotivafirrn. Buffeting aiid other Trarrenniic Phenoirrena on M ariuvering
personal equipmient,. man-machines interface/ uoritroi ilyrraniaRslaid Combat Aircraft 1975 p 64-62 iFor availability aunt N76- 14018
cotnfiguration It appears Itiat tlia best vibratirin alleviationtO*Ci
technriques priimarily inrvotve adequaite litlot iteitrillitrt aurid uishting Advanicerd stability and control conrcepts airman at further
desigit to mlnlnrita escessiva raintive crickpit nuno tinotioti Implrovintg mnrieuverinig and precision tracking were presenrtedf

Author The proposed new Modes of conrtrol, tientiroda oft generating titea
required forces arid nironirnts necessary to prUJC4 lelsr MOtitIrS.
flight conitrot systeiri concepts to implemniit ilit. tnraneuivorirg
modes, antid the additional impact of pilot factors were discussed

N76-1140211 0Officei National d'Etirds itt tie Rechirit iat5 Methrods of iredittloir arnd analysis were also preventead. arid
Aerospatiales. Penis lFrancrta tocotrnrerrclatioiis were made regardinig tliae coiunpta and areas
FLOW FIELD ASPECT OF TRANSONIC PHENOMENA of analysist whichr are ionseidered to be nmost imiportanrt Author
B Maccuarie lir AGARD Tfre Effects of Buffeting aini othesr
Transorric Phenomena ott Marneuvetring Combrtat Aircrhft Jul
1075 p 15-20 (F

tor availabbliity see N76.14018 05b01) N76-14025 Advisory Group tor Aerospiace Raetarofi 3rd
'rho aerodynamics aspects oi flow fieldt over a winrg itt tranrsonicu Developmetitt Paris (France)

maneuvering flight were reviewed iii ordtt to irnvestigate tiria BUFFET DEFIINITION AND CRITERIA
piroblem of buffeting The rase itt a two-dmeinrrsiornal airtoil was In Its The Etiacts of Buffeting arid othrer Transontic Ptenaiomrena
first presented, followed by a iliscuesioni of llrioudnintrrtiniorrai or) Marneuverinrg Comrbat Aircraft Jul 1915 p 03-83 (For
flows it was shown that most itrirrinic troiririni. andm prarticuilarly availablity sent N76 1401 8 06-01)
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Two aroot related to aircraft buffetinig were discussed: wing H Max dIn AGARO The Effects of Buffeting find other Trarnsonic
and tail buffet, and boniki bay buffeting in thea floort area. basic Phenorinura on Maneuvering Comnbat Aircraft Jul 1975
definitions were given, flliowed by buffeting criteria for fighter p 104.107 (For availability oar N76. 14018 05.01)
and transport anicrall. comlasfiation of wing flow arid buffeting Data cioncerninig the oferteia of thea geonietrical confiulraironir
fot various types of wings. buffet onset and the severity of piarameters. I'eynnolds number, external storeii arnd bupercritical
buffeting, arid teil buffeting. It was concluded that I1t for bubble wing layout of anl aircraft on its buffet bounrdaries anid the buffet
flows. the largest excitation is found lust upstreami of the inrtenisities was presented The following geomrntrical paramenter.
reattachment point. (2) lor t endter wings wiiti sarip leading were cotnsidered wing aspect rfitio, taper ratio, aweap angle,
eodge. thea buffeting is ligfht but Juat mreasurable, (13 for uawpt relative mnaximumt lthickinesti of the wing root section. eind ieltitive
wingst buffeting measuremnrts rustua be made r ci rigid rttod'rla iiaximrinm camnber of the wing section The effects of tirse.
Bomb bay buffeting weel dnifitredtis tlire specific dynamic biehaivior paramretera on buffering waet Rhown graphically Ani equation
of airt aircraft when excited by forces of random arrid ornrironic weel given hiorn which floo light buffet lift coefficiient may be
irature due to flow aeparetiarm in open bays on tiavitie. A erstimaterd for a givenr wing xl specific itrinitioric Much nurnbers
remarkable large change itt meanr pressrures occurs ltn bayh with andi teayroldir ririrrhrir Author
a lerigtfr/dnipth ratio of abufrt iiug, for which drurg uonman

abrptl '~ AN76.14030 Aetitalia, Turin (Italy)
IMPROVEMENT OF AIRCRAFT BUFFET CHARACTERIS.

N76- 14020 Aeronauticnal Systmser Div. Wright. Patterson AFO. TICS
Ohio.0 Bucclantini hit AGARD The Effects of Buffeting and other

BUFFET ANALYSIS Trainsonic Phenomena oii Maneuvering Combat Aircraft Jul 1976Pý J. Bulkewict In AGARD The Effcrdes of Buffetirng and other p I10O..110 (For availability saer N75-1401 8 05.0 1)
Transonic Phenomena air Maneuvering Combat Aircraft Jul 1975 A series of provisions which can be taken to improve the
p 04.90 (For avanilability aehe NIO-14018 05-01) buffet characteristics of an airaraft were described. Theme include

The methods evailable for transornic buffer analysis were maneuver slat, arid flaps. alrakes, aerodynamic fixing (notch,
reviewdTearlvsrltod eedvddit w grIe saewooth, lance. etc.). and vortex generelors. The effect. of these

exeimental model testing Including asaociated empirical devices were shown graphicaelly A separate discussion an the
prediction methods, and eeml-empitical or theoretical pro. possibility of tailiilarre buffet and sulitble remedial actiona was
ceduree which require some flow field calculations. Due to the also given. Author
complexity of the transornic flow about winig& experiencing
unsteady separation, wind tunnel tasting is the primrnay tool for N76-14031 Atdvisory Group for Aeroepace Research andobtaining detailed information about the buffet intensity. A Development. Porls (France).
serious problem however exists In applying the vesuilts to full
scale due to Improper boundary layer modelling at the relatively CONCLUSIONS AND RECOMMENDATIONS
low tost Rteyrnolds niumibere. A buffet onset prediction method /it its Thea Effects of Buffetirg ri ud ottirr Transeonic Paierroirrerr
suitable for theoretical analysis was outlined and io prirriarily oil Mairrieuiieiiit Comirbat Aircraft Jul 1975 1) 1I11 t 12 (Par
applicable to thick, aft ceaded airfoils which display a significant availability irou N76. 140) 8 05.0 1)
pressure rise fron thre shock and hrailing edge end which therefore Genreral coniclusions arid specific natriomnianrdatronni ott airciaft
have a tendency for rear separation Author buffeting probrlemsi were preenterrt These include tlie treed fur

(1l a total syslerri analyais to detauirunai Irea effects of buffeting
duirirrg rmaneuiverniig flight. (2) rimprovedf nietfurhid of viscorus flow
field arid Naparetiur l iedictruir. 13) comnpetingru revlts finro raliuuitingN7S-14027 Aeronautical Systems Dlv.. Wright- Patterson AFB, buffet orrast prediction with windr lunlurs and flight teal dtima to

Ohio. deaterriina their rnirge of ahpplicability. (4) betiefi unidersteinding
ii ~BUFFET PLIGHT TEST TECHNIQ2UES of wind tunneul peitrtairtour effects, 1111 utrdarstatrciirg of high

P J. Butkewica tin AGAPE) The Effects of Buffering and other speed salal proraiorfisn 1(3) Idfentificatiori rt the miirloteaciri betweenTrtansonic Phenomena on Maneuvering Combat Aircittift Jul. the randonm eeroclyrrnerri driving forces aird tire structural reasponse
V¶975 p 91.98 (For availability tee N715-14018 06-01) forces. 17) underataniding filia basic andI interactirng phrenomrenra

Buffet Instrumrentation end flight test techniques were on existing rind cinuirgirig lightetrs. arid (8) emulatung the affecta
discussed. Details of the instrumentationt Installed for buffet teal. of the varlonux paramreters mriot clearly. broadening the apec-

olea F-108A aircraft were given. In general, flight Instrumentation tirn of the various putrinieteirt. arid giving a Irnttur undesrtdiidltrgIfor buffet teist should Include sltati pressure tape. total pressure of the physical processa of buffietting AiiLA 11and boundary layer takes. accelerometers, milriin gaugers, aircraft
attitude sensors, high epeed camera and wing tufts. Particular
attention must be paid to thre application of wing tufts for flowN7.03# Aior ou ktAruacsfuercrrd
visualization arid for the mounting of tirea camera. The schedule N6102 dioyUopfrArsaeFeerhaiF:used in bullet flight testing should incorporate that sequence of Development. Paris (Franrce)
aircraft configurations arid Mach-altitude ctonditions which will APPROACH AND LANDING SIMULATION
provide the moat rapid collection of data based on IIl the time Oct. 1975 Be p lofs
required to attain the desired aircraft configuration and teat (AGARD.R632) Avail. NTIS HC S4.150
condition. arid 12) thre aircraft modification time required for the Realisnm. validation arid stanidardizaainur of flight sinmulators

aubeeqent coflgurrtuona.Authorare discussed External ristiurbanices atill visaiil arid iroitioni cuies
subequntconig ra ios.Autorare evsluated as to threir iffect air pilot peirformranrce Fitter desigrn

N70-14028 Royal Aircraft Establishmnt.rl Bedford (England). lot tirea voir Karmnir apectruni arid] litctiirg rmomemnt coefficient
LIMIATINS I TH CORELAION F FIGHTTUNELnodal for Boeing 747 aircraft are appenriled A bibliography withLIMITTION IN HE CRRELTIONOF FIGHTTUNNL E8 referenrcesish included. For indivivdual hitlev. aee NYS. 14033

BUFFETING TESTSthogN7143D G. Mabey /to AGARD The Effects of Buffeting and other truhN6 43
Transonic Phenomena on Maneuvering Combat Aircraft Jul 1976
p 99.104 (For availability see N76-14016 05-01) N76-14033 Advisory Group for Aerospace Research arid

Some possible sources of diecrepancies between flight arid Development. Paria (Frarncs)
wind tunnel buffeting measurements were discu~ssed. The single. APPROACH AND LANDING SIMULATION, INTRODUC.
miost serious causes of discrepancies in probably the failure to TION
represent ol lire model tire development of flow separations on lIt its Approach arird Landing Simulation Oct 1975 p 1 .3
thin actual aircraft, the beat way to improve future predictions refs (For availability aee N70.t14032 05.01)
is to lost as iarge a niodel as possible. including the reposentation Historical notes on flighrt miiinliitiair tire piresientedl. progres.
of gapsr. surface roughnuse. etc.. at as high a Reynolds number sing fronm mimrplified arid rudimnrrtary displays to todayi's sopirisli
a. possible, and than to Insist ott an extensive flight program cated simulators Primarierly rionuarudware easpects of sinriruletion
Other sources of discrepancies Include. flight teot measurement are diacusse6d J AM.
errora. visualization of areas of separated flows. infiuence of tunnel
characteristics on model buffeting. measuiremenit of buffeting.

Author N76-14034 Adv~sory Group for Aerospace Renearci r ird

NVI-14029 Donnier.Warke U m.b hi.. Friedrlchaheafon (West Development, Paris i~rancel
Germnyl.ELEMENTS OF APPROACH AND LANDING SIMULATION

INFLUENCE OF CONFIGURATION FACTORS ON SUF- fir its Atpproach end Landing Srimulationi Oct 1975 p 3.4 (Far1FETING avalability aee N76-14032 06-01)
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In simulations of the approach arid lending flight regime. N76-20067# Advisory Group for Aerospace Research arnd
aircraft models are simplified liv the absence of significant Ovlpel ai ~acl
aerodynamic offacts of varying Macli member. and only in t he AGARD HIGHLIGHTS. MARCH 197fl
c ase of the very large. vary flexible airplane aie aeroelaslic effects 1 Met 1975 33 p
rigorously considered Int 5101 arid VTOL aircraft widely varying (AGARD.-Highlights-76/ll Avail NTIS HC $4 00
lnteractloi a betweeo aerodynartics arid prcpulsrorr01 are errcoun- Reports of AGARIJ activities are piresented Tre artiled
tared in the range of speeds apinropiriatti to approach arid presenrted concern hurricane Eloise. Vo an Krmani tedrils fur 19705. 5

laning rh itipolane o mahemticl rpreanttio ofair traffic control. aircraft fire iilfety. and personnel rhhengess
atmospharic pierturbatioins antd tire aircraft's response to themiIn is0

discussed Simulator lrardwairr slrrannrtrr~ are rerviewer]. rrrcludirrg
all the inechanisms that prrovide tter prilot with means to inputI control commands to the roinpotiri system mrodlel of Stie aircraft. N7S-31 1 79# Advisory Group for Aerospace Research and
arid to asserss the aircraftri respronse to either Ities inputs ,, Development, Paris (France).
other etucitatorr5 J A M AGARD HIGHLIGHPTS, SEPTEMBER, 1975

Sep. 1978 21 p
(AGARD.IHighlights-76/2) Avail: NTIG HC $3.50

Highlights of the 1976 AGARD meeting held in Parls. France

N 7O.14035 Advisory Group for Aerospace Research arid are presenterd. Topics discussed were the followingý the control
Development. Paris (France) configured vehicle concept; anti-flutter systems end still.
EXTERNAL DISTURBANCES turbulence systems. direct forcei control surfaces, load reduction
I/it is Approach and Landing Simulatiors Oct. 1975 1) 4-14 during maneuvers; aircraft safety; systems reliability; and stall/spin
(For aveilebility see N76. 14032 05-01) problems of military aircraft. SBa.

External disturbance models are used to lest the pilots
reactions to given situationis and to test the controllability of
partirular aircraft. Wrind profiles, wind shear. arnd atmospheric N$310 dioyGopfrArsaeRsac ntu~bulenice are used in trve Firrulatlon. The power spectra dueNS310 AdioyGupfrAopaeRsrc n

~nito von Karitman arna to Dryden lire discussed lot turbulence) Development, Paris (France)
simulation. A cross power spectra is also considered, relating AGARD BULLETIN; TECHNICAL PROGRAM, 1977
tire turbulence velocities in different directions as zero Various Jul. 1975 37 pi
causes of errors in ILS guidance systarris are inciuded.j along (AGAR D-Bull. 762) Avail. NTIS HC $4.00th
with irregularities itt runway conditionsi. A.M The AGARD technical program for 1977 approved by the

naitonal delegates board was presented The following iniformstion
is given- chronological listing of meetings tentatively scheduled

N75.4036 Adviory roupto take place. detailed description of the Individual panel programs.
Development PArvisor G~roupl lot Aerospac~e Ressearch and consultant antd exchange program. and military committee studies
Aevelopmet. CParACTFr ISTICS programt, total budget required. end publications summary.Ato
Ir it~s Approach arid Lenrding Sinmulationt Oct 1975 p 14-15
(For availability see N16-14032 06-011

The typos of data arid the degrees of cdetail used in modern N77-1119111111fi Advisory Groop for Aerospace Research and
simulations are discussed for large subsonic let transports and
powered lift ST04. trSnsports. i1lls shown how aircraft characteristic Devolopmeritt. Pairis Iri'acs(TSTN
Miodelsi will differ dependinng orr thd significant aerodynamic, NMRCLMTOSADWNTNE
structural, arid propulsionr effects of tire particular aircraft. Ji A.M Oct. 1976 205 p i efs Partly in ENGLISH arid FRENCH;ENGLISH summaries Papers presented at the Fluid Dyn Panel

Specialists Meeting. Von Karman Inst. for Fluid Dyn.. Rhodre-St.

N76-14037 Advisory Group for Aerospace Res arch arid Genese. r-IU ....ir. 23 24 Jur. 19715
Development. Paris I~rance). (AGlAR-CP-2 t0. ISEIN.92.835.011712-0l Avail NTIS
VISUAL AND MOTION CUES FIl AIO/MF A01

/tisAppnroach and Landing Stimulatiori Oct 1975 p 15.19 Wind tunnel stability tests for various aerodynamic configure.
(1Fotar availability see N76-14032 06-01) teans are presented, emiphasizing low speed and transonic, wind

Limitations of both day and night landing scenri used in a tuntnels. Some data processing waa performed with minicomputers.
flight simulator are discussed. These limitations Include field of some of virhich processed In real time. For Individual lilies, stee
view. rcsolutlori. depth of locus, display. terrain model. andN?197thogN7.185
dynarmic performiance. Motion cue constrainits are esamined for
both rotationai and linear motion J A.M N77- 111970k Royal Aircraft Establishment. Farnborcugh

(Enigland) Aeordynanrics Dept.
DIGITAL COMPUTER ASPECTS OF THE INSTRUMENTA.

N76-403 Adisor Grup or ArosaceReserchandT!ON AND CONTROL OF THE NEW RAE 5 METRE LOW
Deveopmet. arAdisor GFroua orAropccRser)n SPEED TUNNEL
DeveLATOpm Nt PEVris NT VALDrancel PLO R J North. R IN Jeffery, J A Dolman. arnd A N. Tuck In
SMLEATNIONG DVLPET AIAINAs IO AGARlD Nunrerical Methods and WindfLrinnal Testing Oct. 1976

lIn its Approach and Lending Simulation Oct 1976 p 19.28 10 p taef (For primary document sea N77t11989 03.011
(For availability see N76-14032 05-011 Avai[ NTIS HC A1O/11i AOl

Views arid experiencesa are presented. regarding the pro. account is given of the applications of online and offliner
cesases anid procedures used to develop confidence In a simulation: nrinicomrputers in ins insrtrumentation and control systems Some
overall interactions ot the various elements in approach arid landing of the hardware and softwrar design considerations aie discussed:
simulation are dlsousr~ed Achieving confidenice in a simulation various options for future development are outlined. The
through thre demonostrationi of its acceptability by simulating an connections with the conrtrot computers and otlier incillary systems
existirrg kniown aircraft is emphasized The significance of the 3re mentioned Author
pilots' learning process is demionstrated, as well as their
experience level witht a specific simrulation in the development N77-1 1971# Olffrce National d'Etudes at do Recherche&

of teirconfdene i tha paticuar imuatio. JA.MAerospatiates. Paris IFrance) Centre de Moden Avrieus.
of hei colidncein hatparicuar imuatin. AM.OPERATIONAL USE OF COMPUTERS ASSOCIATED WITH

THE MODANE WINO TUNNELS
N76.14039 Advisory CIroup for Aerospace Research and Gerard Gronat Ir AGARI? Numerical Methods and Windtunrrel
Dsuslopinent. Paris Ilianrice Testing Oct. 19763 9 p) refs in FRENCH. ENGLISH summary
CONCLUDING REMARKS (For primary document sari N77.t11969 03-01)
In its Approach and Landiri Simulratioin Oct 1975 p 28.61 Avail' NTIS HC A1O/MF AOl
refs (For availability see N7 . 14032 06-011 Measuring units for wind tumnnel of the Miodane-Avrleux

The attempnts at realismr during flight simiulation are discussed. Centre were gradually equipped with minicomputers for Insuring
Validation and ample training of pilots fire stressed Little the following functionh ineasuremernt acquisition marnagement.
standardizatior is rioted amriong sirrulator testling and evaluation test control and monitoring. arri automatic operations. Multitask
The main weak eleirerits of flight filemnlatirri, motiort arrd visual tync software offers a greet flesibility for dialogue with the
cues. are also considered A bibliography with 58 references is experimrenter and allows an exchange of informations with the
inciuded J.AM ousd.at a rate close to that of a stateid alone computer The

Lo8
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whole ryvtoim is oprrprationil since April 1075 Three applicatiorna dasta acquisition times and make feasible the present aim to
are described twro diensional profile tert... convertible rotor incorporate an on-linoe minicomputer for automatic wall control
tests with riral time l soillurition of rotor tilting. arid device for Results are presented showing the correctness of the strategies
weighing mrilisli' (;loun to tere aircraft with a vlrw to calculate used with manual wall adjustment Author
step by stirl the ii l0il Stilt ve tralectory Iraptive trajectory
nethod) These eiailiphl, outlirhne Irn functions entrusted to tire N77-11976# Aviorls Marcel Dassault. Saint-Cliud lFrancs).

uormrputrrrs uisocuated it ino•esurnin units, the loads they can ADAPTATION OF THE JOPPA METHOD TO A WIND
witrstarnd. aid tile iriits of their posilbilities Author TUNNEL WITH VARIABLE PERMEABILITY IADAPTATION

DE LA METHODE DE JOPPA A UNE SOUFFLERIE A

N77.11972'# Notionaul Aeuuriciutiric arid Sirace Adminrrirtratron PERMEABILITE VARIABLEj
Ainrr. Rasirlrch Corti. Moffett Fielh. Calif Joan-Ch Vayessaire. M Longer (Insfittit Aerotechnique de
APPLICATIONS OF THE REAL-TIME DATA ANALYSIS Saint-Cyrl. and M Menard (Institut Aerotechniqune de Saint-Cyr)
SYSTEM IN THE AMES 40. BY 80-FOOT WIND TUNNEL in AGARD Numerical Methods arid Winudtrnel Testing Oct

1976 17 p refs In FRENCH (For pimrary documnnt see
Mark W Kelly. Stanley 0 Drckrisnsr. arid Everett E. Maynard N77.11969 03 01)
hr AGARO Nonrrircal Methods and Wndtunnr l Testing Oct. Avail: NTIS HC AIO/MF A01
1976 10 p refs (For prrriary document see N77-t 1969 03-01) The Joppa calculation method divides the wells of a wind
Avail NTIS HC A1O/MF AOl CSCL 148 tunnelworking section into rectangulur elamenie with an unknown

The ftrst major overhaul and refurbishment of the Amaoi vortex ring strength qnd takes account of the test section
40. by 80 font wind tulnul since it was put into uperation in dimensions and boundaries. The relative position of the model.
1944 was recently completed A substantial pert of this as well as its geometry and lift distribution spanwise allow the
refurbishment was devoted to providing this wind tunnel with a calculation of the theoretical permeeolity in any point of the
modern real tinme date acquisition and analysis system to ventilated walls to minimize or cancel its effect in the area of
increaose the sanfty, efficiency, and accuracy of experimental the model. Inside the plenum chambers which are around the
investigallons irr this taility Background loading to the require- test section of the Sigma 4 wit I tunnel. flexible. solid, and
meats for the now systorni. iadlr rulemunitu of the system, and movable plates are found The movement of the plites contributes
some of the appiications of the syatei tie summarized. The to the variation of the permeability in any point of the working
potential of corrprnlrniid date acquiristron systems for wind tunnels section perforated walls. Author
in terms of long torii trondry in hnrdwa sot and software costs,
and the constraints which must be dealt with to achieve the

full potential of cotoputerized data acquiertioni systems rer N77-119177# ARC, Inc., Arnold Air Force Station, Tenn.
AUTOMATIC CONTROL OF A TRANSONIC WIND TUNNELdiscussed. Author WITH A REAL-TIME COMPUTER SYSTEM

J. A Gunn and J. P. Christopher, Jr In AGARD Numerical
Methods and Windturrnel Testing Oct. 1976 8 p ref (For

N77-11973# Boeing Vertol Co. Philadelphia, Pa primary document sea N77-1 1969 03.01)
THE UBE OF COMPUTERS IN ROTARY WING TESTING Avail: NTIS HC A1O/MF A01

The aerodynamic wind tunnel (4T] real time control and
William G. S. Hardy end Edward J Pyne In AGARD Numerical display system is a computerizad system which frse increased
Methods and Wirrdlunnel Testing Oct. 1976 12 p refs (For the productivity of the tunnel 4T tests by providing real time
primary document see N77-11969 03.01) displays of ltst conditions, test condition monitoring, arid
Avail: NTIS HC AIO/MF AO0 automatic control. The system Is built around a POP S/E

Computer requirements for testing rotary wing aircraft models minicomputer which has a 16K word memory end a hardware
are discussed, and a general purpose processing system is floating point processor. The system uses standard tunnel
described. Some considerations for data aoquisition and presents. measurements to calculate stream and plant parameters The
tion are presented. The types of analyses required for rotary program, whioh is written in the FORTRAN 4 language. is executed
wing models are covered. Both real time and off-line analysis three times per second. Computer-driven video displays provide
methods are reviewesi Author tunnel operators snd other control room personnel with test

conditions such as Mich number, Reynolds number, and dynamic

N77-11974# Arizona Univ., Tucson. pressure. The real time system monitors all test parameters,
SOME EXPERIENCES WITH THE EXPLOITATION OF continually checks to determine if teat conditions are as requested.
MIASUREMENTS OF THE PERTURBATION FIELD IN A ald Informs the operators of the current plant end test conditinns
WIND TUNNEL TO IMPROVE SIMULATION status via the status panel. The real tinte system automatically
W. R. Sears In AGARD Numnerioi Methods and Windtunnel controls the test section wall porosity, ejector flaps, wall angle.
Testing Oct. 1976 4 p Prepared in cooperation with Calepen tire tunnel stagnation pressure for moat conditions. and the Mach
Corp. (For primary document sea N77.11969 03.0th number in the range from 0.2 to 0.9 Author
Avail- NTIS HC A1O/MF AO1

The essential feature is that both the flow within the tunnel N77-11B7S# Office National dEtudas ot de Recherches
atid the computed exterior field are iteratively adjusted to achieve Aeroepatiales, Paris (France).
the matching. The tunnel flow Is adjusted by mechanical changes MINIMIZING WALL INTERFERENCE IN CONNECTIONAL
of tunnel wall geornetry. for example, by varying the pressures TRANSONIC TEST SECTIONS BY USINGI COMPUTER
In subdivided plenum chambers surrounding the working section PARAMETRIC STUDIES
and communicating with the tunnel through porous walls or Xavier Vaucheret In AGARD Numerical Methods and Windlunnel
slots. The exterior flow field is adjusted by altering the boundary Testing Oct. 1976 23 p alet In FRENCH: ENGLISH sumneary
values prescribed at S. on the basis of measurements of flow (For primary document see N77.1 1969 03-01)
perturbation distributions at or necr G. Author Avail: NTIS HC AIO/MF A01

Parametric studies by computer, using the programs for the

N77-11975# Southampton Univ. (England). Dept. of Aeronautics calculation of the wall interference by the analytic method, for
-nd Astronautics. perforated wall transonic test sections. allow the determination
APPLICATION OF THE COMPUTER FOR ON-SITE DEFINI. of using of present test sections. with associated modal sizing,
TION AND CONTROL OF WIND TUNNEL SHAPE FOR so that the well constraints can be negligible. For tridimensional
MINIMUM BOUNDARY INTERFERENCE flow, the following parameters are investigated test section
M. Judd. M. J. Goodyer. and S. W. D Wolf In AGARD Numerical height/width ratio. model span test section width ratio, wing
Methods and Windtunnal Testing Oct. 1976 14 p refas (For sweep and horizontal wall porosity. this porosity is assumed to
primary document see N77-11969 03-01) be uniform and the Rame for floor and celling. The model
Avail: NTIS HC A10/MF A01 schematization rules, necessary and sufficient to calculate the

The use is described, of flexible top and bottom walls, as a lift Interference coefficients, are given Author
means of eliminating or mininizing wall interference effects on
two dimensional wind tunnel models Strategies for producing N77-11979# National Aerospace Lab., Amsterdam (Netherlands).
streamline contours and their extension to three dinnsions are WIND TUNNEL TESTS AND AERODYNAMIC COMPUTA-
discussed. Errors due to theoretical assumptions ar I practical TIONS; 'rHOUGHTS ON THEIR USE IN AERODYNAMIC
Implementation are explored so that computational resolution DESIGN
can be made consistent. The nead for efficient and rapidly J W Slooff hit AGARD Numerical Methods arid Windtunnel
convergent algorithms for wall adjustment is stressed and Testing Oct. 1976 6 p refs (For primary docurnent see
discussed. These must be developed in order to reduce the current N77-11969 03-01t
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Avail: NTIS HC AtO/MF AO1 comparison between detailed measurements and calculations is
After comparing the possibililies and limitations of numerical presented. The calculations were performed for several trailinrg

methods and wind tunnel tasts. their respective roles in edge flow approximations, rncluding experimentally determined
aerodynamic desigi are discussed. It is concluded that the key conditions. Author
problems of aerodynamic design ate not solved by substituting
numerical methods for the winid tunnel Author N77-11984# Dornier-Systen G m h.H. Friedfichshafen (West

Germany).
N77,11980 Natronar Aeronautical Establishmrnt, Ottiwa NUMERICAL SIMULATION OF THREE DIMENSIONAL
(Ontario). TRANSONIC FLOW INCLUDING WIND TUNNEL WALL
APPLICATION OF COMPUTED SHOCK STANDOFF EFFECTS
DISTANCES FOR WINDTUNNEL CALIBRATION AT W SO cride. H NW Stock, and W Fritz, In AGARD Numerical
SUPERSONIC MACH NUMBERS LESS THAN 1.2. Methods and Wiidtiunnsa lasting Oct 1976 8 p refs (For
D J Jones /it AGARD Numerical Methods iand Wiri(ltunnel primary document see N77.11969 03.011)
Testing Oct 1976 5 p refs lFor prinary (IoCininnrl3t usSo Avail NTIS HC A1O/MF A0l
N77-11969 03-01) Numerical methods arid their piactical implementation are
Avail. NTIS HC AIO/MF AOl presented to compute steady transonic flow fields about wings

Calibration of a wind tunnel in the Mach number range 1 and wing-body combinations In transonic flow including viscous
M , 1.1 wee carried out by taking Sohlieren photos of the effects as wait es wind tunnel wall effects. The transonic small

bow shock in front of a sphere. A theory was developed to disturbance potential equation Is solved by a mixed finite difference
calculate this bow shock for flows about sxisymmetric bodies scheme. Wind tunnel well boundary conditions are Incorporated
By correlating the experimental and theoretical shock waves, in the relaxation procedure by use of the classical wall condition
the wind tunnel wse calibrated Author equations The three dimensional boundary layer equation Is solved

by an Integral prediction method. Solving potential equation and
boundary layer equation Iteratively, Viscous effects are accounted

N77-11¶IS1# Deoier-System 0 m.b.H., Friedriclishafen tWeet for by means of the displacement thickness concept. Results
Germany) showing the Influence of Reynolds number and Mach number
THEORETICAL AND EXPERIMENTAL SIMULATION on pressure distribution and shock position are shown Author
METHODS FOR EXTERNAL STORE SEPARATION TRAJEC-
TORIES
J. VonDerOecken, P. Each, and P. Fritz In AGARD Numerical N77-11985# Laboratolre d'Aerothermique du C.N.R.S.. Maudon
Methode and Windtunnel Testing Oct. 1978 5 p refs (For (France).
primary document see N77-11969 03-01) FOURIER ANALYSIS AND THE CORRELATION OF SPEED
Avail: NTIS HC AIO/MF A01 WITH NONSTATIONARY AERODYNAMICS (ANALYSE DENumerical methods and experimental techniques for the FOURIER ET CORRELATION DE VITESSE EN AERODYNAM-
simrnletion of separation trajectories of external powered and IOUE INSTATIONNAIRE]
unpowered stores at low and high speed are reviewed For the Pierre Gouget and Frtncolso Martin In AGARD Numerical
theoretical simulatlon, potential flow methods are used to calculate Methoda and Windtunnel Testing Oct. 1976 7 p refs In
the quasi-steady loadings on the store while the trajectory Itself FRENCH (For primary document see N77.1 1969 03-01)
is determined by solving the equations of the 6-degies-of-freedom Avail: NTIS HC Al0/MF A01
mtotion. Based cn the experience of numerous systematic Transition from a leminar to a turbulent state begins with
experimental studies gained with the rigid loads and the freedrop the appearance of natural instabilities made up of sine wavee
technique for unpowered stores, the advantages and limitations of uncertain intermittence In the midst of the boundary leyer.
of different wind tunnel techniques are demonstrated Including The response of the boundary layer to a local vibration in the
a critical discussion of scaling effects. Autho wall is studied In order to suppress the uncertain character of

the Intermittence. The sine wave of deformation of the well is
N77.119S2*# National Aeronautics end Space Administration. obtained with the aid of a lock-on displacement loop. The signal
Ames Research Center, Moffett Field, Calif. of speed fluctuations In the boundary layer is obtained with a
EXPERIMENTS PLANNED SPECIFICALLY FOR DEVELOP- hot wire anemometer. These two data are treated separately by
INO TURBULENCE MODELS IN COMPUTATIONS OF FLOW real time analysis which permits measuring the harmonic rate
FIELDS AROUND AERODYNAMIC SHAPES of the signal of deformation to determine the spectral density
Joseph 0. Marvin In AGARD Numerical Methods and Wlndtunnel of the power of the fluctuations of speed. The simultaneous
Testing Oct. 1978 13 p refs (For primary document see treatment of two signals is used for real time correlation. To
N77-11989 03-01) this correlation Is associated a Fourier transformation whlc.h
Avail: NTIS HC AIO/MF A01 CSCL 01A provides the mutual spectrum of the two signals. A magnetic

Building block expsiirnts and companion numerical recording stores the signals and reads them again at a speed
simulations intended to verity and guide turbulence modeling which facilitates the observatlors and study of the in.
are described. A series of experiments and computations being stantaneous phenomena. Trans]. by A H.

used to enhance modeling development for the shock wave
turbulent boundary layer interaction problem Is emphasized N77-1I198# Deutsche Forechungs- und Versuchasnetalt fuer
Results are given for transonic flow over a circular arc airfoil Luft und Raumfahrt, otoettingen iWest Germany).undergoing shock wave induced, boundary layer separation for PICKING UP AND GRAPHING OF THREE DIMENSIONAL

supfrrsnnic flow along a tube wall undergoing normal shock wave FLOW FIELDS
Induced, boundary layer separation, Experimental data which use H.-J. Griefe In AGARD Numerical Methods end Windtunnel
the complete Navier-Stokeas equations are discussed. Author Testing Oct. 1976 12 p refs (For primary document see

N77-11969 03-01)

N77-11983k Vui.i Kerman Inst. for Fluid Dynamrl.s. Rhode-Saint- Avail NTIS HC A10/MF A01
Genese (Belgium). An efficient test technique in described for three dimensional
THE IMPORTANCE OF EXPERIMENTALLY-DETERMINED flow field measurements which was set up in combination with
CLOSURE CONDITIONS IN TRAN5ONIC BLADE-TO-BLADE a conventional measurement technique with modern oiectronical
PLOWS CALCULATED BY A TIME-DEPENDENT TECH- equipment. The test rig is installed in the low speed wind tunnel.
NIQUE Some suggestions for graphic representations of three dimen.
M. Couston in AGARD Numerical Methods and Windtunnel sional flow fields are given. Author
Testing Oct. 1976 23 p refs (For primary document see
N77-11969 03-01) N77-14982# Advisory Group for Aerospace Research end
Avail NTIS HC AIO/MF AO Development. Paris (France).

The uue of a time dependent technique to determine inviscid ELEVENTH AGARD ANNUAL MEETING
blade-to-blade flow in the transonic regime for axial turbomachlnes Feb. 1976 70 p rafs Meeting held at Ottawa, 18 Sep. 1975
is faced with the problem of closure conditions. The importance (AD.A023909, ISBN-92.835-1212-X) Avail. NTIS
of a Kutto condition in subsonic flow calculations is wall known HC A04/MF A01
but for transonic blades the problem is still more complex. The An investigation of aerospace research and development
quasi-discontlinuous character of the flow through shook waves emplraslulng the arira of short takeoff ISTOL) airoraft in Canada
and Prandtl-Mayer expansions Is then superimpoved on the viscous wat presented Research into the military sir material requirements
effects which dominate near the trailing edge. In order to get and the governmrrental support given was discussed The
more information about the importance of this problem, a government trollciur concerning research into STOL aircraft and
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its irrihlary as; will as comnmrercial possibilities were Studied N77-14987# Canadian Air transportation Adrtinistration.
MIlitai V ppiit:.tirir III the TEA-CO2 loser was considered. including Ottawa
radfar typo aitii aipiiciti.i find Eise of the laser an a weaponr For OVERVIEW OF THE CANADIAN MINISTRY OF TRANS-
rirnlividtiai titlesi xvii N77 14983 through N77* 14988 PORT'S STOL DEMONSTRATION

F C Black In AGARD 11th AGARD Ann Meeting Feb

N77-14983p Oeplatnnonrt of National Deferme. Ottawa (Ontario) 1976 p 42.44 (For primary document see N77-14982 05601)
CANADIAN MILITARY AIR MATERIEL REQUIREMENTS Avail NTIS HC A04/MF A01

AIRTRANSIT Canada operates six modified Twin Otter aircraft
0 WV Gore /it AI3ARD 11ith AGARD Ann Meetinrg Feb leosed from the Miniatry of Transport on a high frequency STOL
1976 it 11 14 [For primrnay rdocurmrent seit N77 14982 06.01) commuter service between Ottawa and Montreal The aircraft
Avail NTIS HC AOti/MF A01 are operated fromr convenient STOLports. located close to the

Cold arid finow are bitt two characteris~tic% of Carnada whichl central business districts of eacht city The aircraft and STOLporta
mult hericcurred or ii sarig iriliary ennririmeits heore diesignred to permit schreduted rInstrument operations using

niorttierr magiriotic pitle ris fi Canada. and aurora borealis tdisplaiy% sleus gjradientt approacthesi on a microwave acanning beom landing
are frequcrt afffiiCtirng COtnirUirriCthinit aridf navigjationi Whtrit guidanrce system, the first of its kirnd to commercial service today.
winter's grip relaxesa. the inseact population emerges making tife In addition. each aircraft is equipped with a three dimensional
barely livable without from* form of protection. Most of these area navigation syafem used In conjunction with Specially

fcharaciteristics must bo catered to in stating requirements for dlevelnoed control procedures permittinrg operations In high denaity
material, as they affect all facets of equipment performance. tria rs ihu ciedrc~no h eto i rfi
from aircraft range through special navigation requiremeneits control. Each aircraft carries a data acquisition system that records
throughn special environmental protection requirements In addition Information to be used as a data base for the development of
to purely Canadian conditions, the conditions relatedt to operations future STOL regulations end operating criteria in Canada.
imng thrope and the matreerily corequiremet ateosupherimposed. Passenger processing was streamlined through the use of
Amongd patheelarey theubctsome. corrlesiv tatmospherbteqwhich STOI~mobiles and abbreviated ticketing methods. Reservations

provd prtiulaly roubesoe. nd esstangblebutequllyare held up to live minutes prior to departure. From the time a
serious differences in the stresses due to a difference in the passenger disembarks the aircraft at the Montreal STOLpoon until
turbulence regime. differences in bird hanareds and so on As he arrives In the downtown area averages between t0 and 15
some of the forces are also assigned to the United Nafions in minutes. Author
the Middle East. coinditions of heat, sand and corrosive atimosphere
m ust also be considered in this application of nur equipment in
flits eirvirorrmatrt Autfhor

N77.14988# Defence Research Establishment Vaicortier
lQuebec).
TRANSVERSELY EXCITED ATMOSPHERE ITEMl: C02

N77-14984# Departmeunt of National Defence, Ottawa tfntariol LASER DEVELOPMENT AND APPLICATIONS
RESEARCH AND DI(VELOPMENT IN SUPPORT OF J. Gilbert In AGARD I1Ith AGARO Ann. Meeting Feb. 1076VCANADIAN MILITARY AIR REQ19CUIRE11MINTS p 48.-57 (For primary document see 1,77014982 06-01)
E J Bobyn In, AGARD lith AGARO Anti Meeting Feb Avail: NTIS HC A04/MF A01

Avail NTIS HC AU4/MF A01 Thesve are of iwo main types: radar type applications. and use
The Department of National Defense in coopeartiorn with of the laser as a weaspon. In radar we are dealing with relatively

other government departments and industry initiated V/STOL low energy transmission over a two way path; in the case ofa ircraft research and development The bulk of the research and the weapon. highr enrergy Is transmitted over a one way path
deveiop0meiit activity was directed towards sub-systaem, The factors which must be taken Into account in assessing the
aecq uisition of technical knowledge, human fritutts in man/rrtachine feasibility of using a laser in a military system are: atmospheric
interface. avionics, systemns analysis, surveillance, propulsion propagation, target characteristics, leaser technology, detection
devices, tending gear, detection devices, navigaticon side, dlatil technology and, as Systems become more sophisticated,
processors, materials, power supplies. weaport modifications, end countermeasuires. Author
other associaetd components Author

N77-1S192 Vort Karirttr Inst. for Fluild Dynamics. Rhodle-Saint.

COLLECTED WORKS OF THEODORE VONKARMAN,

N77-14936# National Research Council of Canada. Ottawa 1975 393 p refs
lOntatiol Copyright. Avail Advisory Group for Aerospace Reseiarch soil
CANADIAN RESEARCH AND DEVELOPMENT POLICIES Development, Parts

Scienritifc arril techrnical writtings by Vont Kerman. as well as
J 0 Keys Inr AGARD 11th~ AGARD Ann. Meeting Feb those of tranruerit or historical signrificance were collected frorm
1916 p 19-21 (For primrary doc~ument seoe N77 14982 06-01) various ltuirirais arrd proceedings Five of the papers reflect his
Avail NTIS HC A04/MsF A01 intetritf itt witordtiscrpiinamy studlios coriceineri with inagnetorttiod-

Thtere is tro singile science policy suitable for Canada Instead. mirrchaitics anrd arrrotliorrrtoalreniistryr Editorial commrots; are
it is accepted thrat thre federal governrmentits science Policy Is presented air Introductionis to cortain papers in order to relate
the sum of three distinct areas Ill policies for support of scriencer. the stibjeict mnatter to the body of scientific arid techrrical literature
2J tpolicies for tapplicatron of science andi technology: and (3) In the four volumrer ~orrpilatioir by Or Hugh Dryden. ANH.

science as a comrponerit of puibici policy. Author

N77-10984# Ardvisory Group. foi Aerospace Research and
Development, Pairis (Itearcel.
THE AGARD HISTORY, 1952 - 1975

I.. 1978 109 1)

ki..N77-14986# On hIavilirror Alit aft Co. of Canada Ltd . Ottawia (ISBN-92.83b.12O6-61 Avail NTIS HC A09/MF A01
lOntariol1 The evolutiort ot AGAIID was presented fronr the year 1952
STOL DEVELOPMENTS through 1975 SM
J. P Uiffeir Ir AGARD 1l~th AGARD Anti Meeting Feb
1978 p 22-41 refs (1or piirrtery doctiment sari N77-14982
06-0t) N77-16986# Advisory Group for Aerospiacre Research and
Avail NTIS NC A04/MF AOl Development, Parts iFrrrene).

Techtctrtiao STOL aircraft Which distinruishl them DIRECTOR'S ANNUAL REPORT TO THE NORTH ATLANTIC
fruom convenhatlitoenlalf.~CITOL. aircraft are described. Examples of the MILITARY COMMITTEE, 1975
way in whicir STOL has evolved are given, with discussion of Mar 1976 83 p
ills featiUres of the do Havillador Dash 7. Looking to the future, Avail. NTIS HC AO5/MP Aol
(teveiotieniita whiich retain the short takeoff and landing capability Agard pubtlicaticons lot 1975 and abstracts of Itre pubilicatiorrs
white extending thre speed. payload and range of STOL aircraft by partal or activity are listed Aerospae medicine, avionics.
ire described These have differing charamcteristics. which permit eluectromagrnetic wave propoigaticri fiight dynamics, arid guidance
sulectroir of optional configurations for particular rolse. Author stnd controul are seveiral of thre topics considered S.M
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N77-179"8# Advisory Group [or Aerospace Research and
Development, Parts (Franice)
NATIONAL DELEGATES BOARD MEETING. TECHNICAL
PRESENTATION$ ON SCIENTIFIC AND TECHNOLOGICAL
FORECASTING

Ju1976 31 p In ENGLISH; portly in FRENCH Cord hold
Jlprs 8Mat 1978

(ISSIN-02-1135-O17O0l0 Avail NTIS HC A03 M!" AOl
There are three papsrir prtesented on acietiic and technologi.

cal forecasting delivered att the Technical Pratieritatioris Sei'sion
of the AGARD Spring 2976 Nationni Oslegates Boord Meevting.

Author

1478-70241 Advisory Group for Aerospace Research and
Development. Paris (France).
AGARD HIGHLIGHTS 75/1. MARCH 1975
20Op
iAGARD.HIGH LIGHTS.7 S/ 1)

Scientific and technological developments expiacted In the
next 10-15 years In the field of fluid dynamics ire discussed. Corn.

* ~putational fluid dynamics, wind tunnel scale effects and tNoting
* techniques. and design of fuel conservative aircraft are considered.

Special emphasis is given to advancement in semiconductor tech-
nology and development of microprocessors and charge noupled
devices In relation to military applications of such technology to
electronic warfare and custocm deslgni of large scale integrated cir-
cuits J.M.S.

N79-70247 Advisory Group for Aerospace Research and Devel.
oprment, Paris (France),
AGARD HIGHLIGHTS 75/2, SEP1TEMBEE 1975
Presented at the AGARD Flight Mach,. Pannel / Guidance and Con-

& I trol Panel Joint Symposium on the Impact of Active Control
Technol. on Airplane Design. Paris, Oct. 1974
25p
(AGARD- HIG H LIGHTS.75/ 2)

Various aspects of research and development In aerospace
sciences are discussed. Specific topics considered Itnclude: (1) the
impact of active control technology on aircraft design; (2) dowel-I
opment of calculation methods for oscillating wings In subsonic
flow; (3) technologicat and economic growth In aeronautics In re-
lation to private and government funded research; and (4) the use
of computer programs In aircraft design. J. M. S.
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02 AE ODYN MICStwo-dlimensional and throe.-dimensional models wer* conducted02 AE ODYN MICSand the aerodynamic characteristics art applied to design
Iincludels aerarlvrriirlics of hodne,. con'binalrurix. wirr98. rotor%. studios of a turbofan powered short takeoff and landing transport
arid ~critroi surfacesi. anid inte~rnarl flow in diictH arid aircraft The application oif compiuterized threedaimensional
tuiihomrachinery For relatedi infituinalion ir atio 34 Flind potential flow method to lift prediction for a wing with internally
mootiarircn arrr Iriir nowrwt,iri blown flaps is described Author

N75-137S5 Air Force Flight Dynamics Lob. Wiight-Patterson
AFS. Ohio
PREDICTING THE MAXIMUM LIFT OF JET-FLAPPED
WINGS

N75-10003# Advisonry Grouip loti Artiuiprirci Flirrrnircl aind David J. Moorfiuuse Irv AGARD V/SIOL Avrodyn. Oct 1974
Developmernt, Purrs (Frarncei)YNMC 9 p role (For availability see N75* 13795 05-021
HINGELESS ROTONCRAFT FIH DYA CSA method for predicting the muaximum lift of lot flasp
Kurt H- Holiorruririor iWaihinglrgui U niiv Sr ii oiti antl lnriniirt configurations is presented The three parts of the process are
A Oirnrrbturr. oil (inrrry Air Mobniliry It anit D Lb.b tioflurt Fuield. described. A theoretical expression for the increment in maximum
Calif I Sep 1974 50 p rtab Aai lift due to blowing on jot-flopped airfoils was obtained that was
(AGARD-AG, 197. AGA~l~ograpfit1971 Avi TSH :5based an the assumption of a leadingeodge stall For practicai

The state of Irirgelass rolooirusft rraverch and deveiopimeiit application a three-dimensional theory is required. with sultabie
InI the NATO countries as of 11973 ix describedi Thus uccoe ot corrections for finite aspect ratio end part span flaps The
thix report ist limilted to flight lyrnaniiiu miine@ irint of the hirigeiss, espressin shows agreement with measured results for pure jet
rotorciuf't problems have occuirrerd in thisl arua ?he special place flaps, Internally blown flaps, externally blown fliaps, and upper
of the iningurlesx rotoicraft withiin the fatuity oif roturcrafl ix surface blown flops. It was determined that tilia results are
considered Thre chapter air tirea history of hirigoleas rotorcralt independent of the actuel presence of a loading edge stall,
describes tlte hingelexe rotor research and dlevelopl~ment of the independent of the sweep angle. and applicable to aspect ratios
various ictoicraft nieriufariturrrtii and the hirigalurs rritor resercrh greater thern approximately three. Author
at goveriunrniit laborastnries ond uniiveraitien A hierittohry of dyrranrti
concepts trin inoinrlerl. Thu orlec Iyrnof [fie cririniul rottor/Itforly N711-137111,1 Air Force Flight Dynamics Lob., Wright -Patterson

tneairuetiors on Ililthit flriyniiricx inn triaced asndt mrlirin Iringoiltitu WIND TUNLINEThAINOFTREoOEEDLF
rowtoroaft probilnms are treated ut sonrye dfraiil A special chapterWIDTNEIVSIG IO OFHAKP ERDLT

is devoted to the alleviation of hirngeless iotor flight -dynamicls STOL CONCIPTS
problems by feedback control systerria Analytical modeling A. F. Osborn and G. S. Oates In AGARD V/STOL Aerodyn.

techiqus. iothnistcalanaysimtiminiqem nd mdelandNov 1974 12 p refs lFor availability see N75-1¶37915 05-021
techiqus, natenrtica arinlnislirrhirqua mu muielendA crnmpreheflsivs. parametric wind tunnei investigation of

flight tesating techinictus for hiriguluex icitoicruntt ante discussed three short takeoff and landing aircraft concepts was conducted.
Author The three STOL configurations were. (Ill the externally blown flap

1911F), (2) internally blown flaps IIIFI, and (3) the mechanical
flap /vectored thrust IMF /VT). Wind tunnel model characteristics

N75.113711E# Advisory Group far Aerospace Research and oer shown as wall as the details of the high lift devices tested
Development. Paris iFrance). The affect of engine locatiolt is discussed and III shown to be
Oat.O A1974 355 p rYAts PrtyinEGISIndIrtyi the dominant factor In ElF and MvF/VT powered lift performance.Oct 974 355p res Prtl in NGLSH nd prtl inWing sweep and aspect ratio effects on flfing performance are
FRENCH Proc. of the Fluid Dyn. Patrel Symp, Deift, Netherlands, analyzed Performance in ground effect is covered using the test
24A25Apt.,. 11943 AviNTS C data collected. Incremental changes in the lift, drag, andi

Thepro-cedings ofvai cnfernc onth dsindeelpmnt pitching moment chraracteristics resulting from rn-ground effect
and flight characteristics of V/STOL aircraft are presented. The operatioanc or te explaied Apompareliftsoni Is the luaerdyai
subjects discussed Include the following- I1l powered high lift palrineo h he owrdlf ytm sic uded
systems. J21 mechanical high lift systems, 13) jet lift. 14) ground Ato

affet, nd 5  )aerodynamnic prediction methods and simulation N711-180 NtoilArnuia Establishment. Ottawa
requirements Examples of V/STOL aircraft configurations are l~ritariol. Low Speed Aerodynamics Lab

aeaayidigrphrform.Ncme prianlmethos fotra ad redtermiin THE SPANWISE LIFT DI&TRIOUTION AND TRAILING
Nunsriel ethds or eteminngVORTEX WAKE DOWNWIND OF AN EXTERNALLY ELOWNaerdynmicchaactrisicsfrom wind tunnel arid flight tests JTFAar eeoe.Frindividual thites. see N75-1 3795 through JTFA 942

The aerodynamic characteristics of externally blown flaps
N75-137S6 " National Aeronautics and Space Administration (EBF) are presented for configurations of the quasi-two dlimen-
Ames Research Center. Moilffelt Field, Calif sional and rfaleotion-piarie type Force and surface pressure
V /BTOL AERODYNAMICS: A REVIEW OF THE TECHNOLu. irmeasurernents rave shown that significant lift increments can
OGY be sallied by external blowing, and that the spanwise effect of
David H Hickey In AGARD V/STOL Aerodyrn. Oct. 1974 this increase extends outward from the nacealle location The
13 p roe(flato availability sea N75-13796 05-02) effective stream tube dimension of the additional tuft can be at
CSCL QiC significant fraction of the wing span. Downstream flow surveys

An analysis of the development and technological applications have shown that the presence of mixed regions of propulsive
of V/STOL aircraft Is presented The use of V /STOL aircraft to arid vortex flows Is typical of thle ElF, particulariy for multi-
overcome the limitations of conventional aircraft Is discussed. engined finite wing configurations. The characteristics of wake
The aspects of V /STOL aircraft which are considered are. I1l measurements downwind of a hall-model of a multi-engline aircraft
economic penalties of propulsive lift. (2) advantages of propulsive of tha EBF type are described Author
lift. (3) potential improvements in V/STOL aiiiwaft. (4) the
aerodynamics of V/STOL aircr~ft. and 15) proposals for additional11111131101RylArafEsbihmn.Bdodlgad)

osaeinV/STOL development. Author THE FLOW AROUND A WING WITH AN EXTERNAL FLOW
JEY FLAP

N75.13797 D oilnAicatCLt.Dwsiw(tro)P. R Ashill and D N Foster Ir AGARD V/STOL Aerodyn
RESEARCH INTO POWERED HIGH LIFT SYSTEMS FOR Oct. 1974 13 p rots (For avallability teea N75-13795 05-02)
AIRCRAFT WITH TURSOFAN PROPULSION The main (matures of the flow around a wing with an
B. Eggleston In AGARD V/STOL Aerodyn. Oct 1974 17 p externally blown let flop are discussed. Measurements were made,
refs (For availability see N75.`13795 05-02) under wind-on and wind-off conditions, on a hailf model of a

The characteristics and applications of powered high lift wing-fuselage with an injector powered nacelle mounted under
systems suitable for turbofan powered aircraft are reviewed, the wing. Analysis of the velocity distribirtiona measured in the
Aerodynamic research coniducted on high lift systems for use jet at the traiinrg edge of the flap suggests that the turning and
with high bypass ratio turbofani engines are reported. The systems spreading process Is sensibly independent of forward speed. The
discussed include (1l mechanical flaps, (2) internally blown flaps. sweetribeck effect on the spanwise distribution of manrentum
31 externally blown flaps, and (4) vectored thrust. Tests on towards the wing tip is investigated. It was determined that the
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sponwise distributions of lift end pressure drag, derived from N70.13011 Avlons Marcel Oseasult-Braguet Aviation, Saint.
stlatic preasure measurements mede under wind-on conditions. Cloud lFranc.).
exhibit a pronounced nonuniformity in the vicinity of the nacelle. PROGRESS REPORT ON MECHANICAL FLAP$
It It slated that the let flap effect on the total lift i smaile. P. Perrier and M. Lovenant In AGARO V/STOL Aerodyn Oct

Author 1974 15 p refs in FRENCH; ENGLISH summary (For availability
see N76-13795 05.02)

N75-13402 Canadair. Ltd. Montreal (Qouebec). The development of wing lift augmentation for shor takeoff
INVESTIGATION OF EXTERNALLY BLOWN FLAP AIRFOILS aircraft is discussed The problems associated with powered lift
WITH LEADING 1DGE DEVICES AND SLOTTED FLAPS created interest in designing mechanical high lift devices capable
Forti Mavriplls and David Gilmore Ir AGARD V/STOL Aerodyn. of lift coefficient greater than 4. To obtain such a coefficient.
Oct 1974 12 p refs (For availability see N75-1379S 06-02) computerized techniques were used. A wing with powerful

An investigation was conducted to provide information on mechanical high lift device. was designed with a combined use
the aerodynamics of externally blown flap systems and to establish of theoretical aerodynamic methods end experience gained in
the correspondonce of such systems, in which the flap is blown developing the advanced mechnilcal systems Comparisons
by a jet of circular croes section, with two dimensional jet flops, between estimnatel and test results are providad Author
Wind tunnel ltsts were conducted with a two dimensional high
lift wing model atir a tip turbine fan having a diameter.to-wing N75-1. O7 Deutsche Forechungs. und Versurthlonstalt fuet
chord ratio of 0.365. A semi.empirical two dimenlional method Loft. und Raumfahrt, Goottingen (West Germany).
is also presented which is an extension of the theory for thin A METHOD FOR PREDICTION OF UFT FOR MULTI-
multialemant airfoils and a nonlinear jet geometry. The measured ELEMENT AIRFOIL SISTEMS WITH SEPARATION
data provided uselul empirical relationships for estimating the K. Jacob and 0. Steinbach In AGARD V/STOL Aerodyn OMt.

two dimensional C sub L max and C sub D. Author 1974 16 p refs {For availability soe N75.13795 05-02)"A numerical procedure is presented for anallying the
performance of high lift devices such as leeding edge slats and

N76-113803 Societe Berlin at Cie. Plalsir (France). slotted flaps. The method aleo makes It possible to predict pressure
PRESENTATION OF AERODYNAMIC AND ACOUSTIC distributions and lift for many arbitrary airfoil combinations In
RESULTS OF UUAUFICATION TIETS ON THE ALADIN 2 Inrompressible flow. The method considers the boundary layer
CONCEPT 11IRIESNTATION DES RESULTAIS AERODY- displacement affect and allows for rear separation with a dead
NAMIGUIE IT ACOUSTIOUES DNS 1lIAlS Ol GUALIFI- air region. The maximum lift can be predicted on the basis of
CATION OU CONCEPT ALADIN 21 this geometry of the system and the Reynolds number of the
Maurice Collard, Claude Doyotte, and Max Sagnor In AGARD flow. The method has been programmed in FORTRAN for the
V/STOL Aerodyn. Oct. 1974 12 p refs itn FRENCH (For IBM 360,65 computer arid has bean applied to several airfoil
availability see N75-13795 05-02) combinations, Diagrams of the flow characteristics of the airfoils

Wind tunnel tests were conducted of a scale model of the under varying conditions are provided. The mathematical models
Aladin 2 aircraft. The propulsion system configuration is described which support the theoretical aspects are developed. Author
and the air flow caused by jet ejection is analyzed. Three
dimensional flow studies In the vicinity of the engine Installation
were maed. Diagrams of the leading and trailing edge fllpa are N79-13608 Aeronautical Research Int. of Sweden, Stockholm.
provided. Graphs ate developed to show the aerodynamic EXPIRIMINTAL HIGH LIFT OPTIMIZATION OF MULTIPLE
performanca under conditions of various airapeed and flap ELEMENT AIRFOILS
deflection. Author Bloern L 0. ungstroem In AGARD V/STOL Aerodyn. Oct.

1974 16 p refs (For availability see N751-13795 05902)
the application of two dimensional testing and two dimen.

sional wind tunnel techniques for experimental high lift Investige.
N 7.15004 Office National d'Etudes at de Rochetches lions is discussed The tests conducted on geometrical variationsAerospotiales, Paris (France). of double and triple slotted mechanical flaps are described. It is

THEORETICAL AND EXPERIMENTAL STUDY OF SOUND- shown that an optimum slat position corresponds to a flow
ARY LAYER CONTROL BY BLOWING AT THE KNEE OF A with relatively little Interaction between the slit wake and the
FLAP main wing and flip boundary layers. Similar results wars also
Bernard Monnerile and Guy Lovas In AGARD V/STOL Aerodyn obtained for the trailing edge, where it ii found that the
Oct 1974 20 p refs In FRENCH; ENGLISH summary (For different viscous layers should be klept essentially separated from
availability see N71-13798 0502) each other. The interrelationship between thi flow over the

An investigation of lift augrentlaetion by boundary layer leading-edge slats and that over the trailing-edge flaps is analysed.
blowing was conducted. The test equipment consisted of a Islge The calculation methods consist of a potential flow method and
scale mounting for the study of two dimensional boundary layers. a method lit which the boundary layer effects are considered
The tests were conducted in a low speed wind tunnel throe Author
meters In diameter The experimental results obtained by probing
the jet-boundary layer mixing zone are presented. The results N76-13800 British Columbia Univ. Vancouver
are compared with computations using a turbulence model based THE AERODYNAMICS OF TWO-DIMENSIONAL AIRFOILS
on the Nee-Kovasznay equation for the viscosity coefficient. WITH SPOILERS

Author G V Parkinson, G P. Brown. ard T Jandali hI AGAPD V//STOL
Aerodyn. Oct. 1974 10 p reft Sponsored by Defence Hla.

N75-136011 National Aeronautics end Space Administratlonr Board of Canada IFor ovailbility sei N75-13795 05-021
Ames Research Center. Moffett Field. Calif The development of three incompressible poltntiel flow
AERODYNAMICS OF JET FLAP AND ROTATING CYLINDER rnathods for two dimensional airfoils with upper surfer@ spoilers
PLAP GTOL CONCEPTS is discussed. A linearized free etream theory is used to predict
Woodrow L Cook. David H Hickey, and Harvey C. Quigley In the steady and transient lift on thin, single-alement airfoils of
AGARD V/STOL Aerodyn. Oct. 1974 6 p refts For avallability arbitrary Incidence,. cmbar, and thlickness, with spoilersof arbitrary
see N75-13795 05-021 position, height, and Inclinetion. Theories for detormining the
CSCL O0C pressure distribution on thick airfoils are reported. Wind tunnel

The aerodynamic effectiveness of various propulsive lift measurements of steady and transient lift and pressure distribution
concepts to provide for the low speed performance and control have been made using two different airfoil profiles with several
required for short takeoff and landing aircraft is discussed. The different spoiler sizes. positions, and inclinations Author
importance of the interrelationship between the propulsion system
and aerodynamic components of the aircraft is stressed. The N76-13810 Politecnico do Milano Italy). Insltituto di Ingegneril
relative effectiveness of different lift concepts was evaluated Aerosposilel
through static and wind tunnel tests of various aerodynamic THI EFFECT OF VORTEX GENERATORS ON THE DEVELOP-
models and propulsion components. simulations of aircraft, and MINT OF A BOUNDARY LAYER
In some cases. flight testing of research aircraft Incorporating Bergio DePonte and Arturo Baron In AGARD V/STOL Avrodyn.
the concepts under study. Results of large scale tlsts of lift Oct. 1974 5 p refs (For availability aee N75-13795 05-021
augmentation devices are presented The reaulls of flight taste The development of computle tlchn14uel for predicting the
of STOL research aircraft with augmented ljt flops and rotetiring aerodynamic characteristics of en airfoil In the presence of vortex
cylinder flops are presented to show the steeper approach flight generators is discussed. An experimental program to Investigate
paths at low forward speeds Author the turbulent structure of the vortex was conducted It was
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determined that the vorticitv profiles vae very similar to those flaps or jet flaps near the groundf is Investigrated The Inviscid
cherscelsiling the viscous oase,. although the vornex was turbulent flow is calculated by potential thooir iory thrirfs It is showrn that
A model of vortex-boundary lower interaction was constructed the nonirlirnear offeius due to erig. angles of attack arid flopj
The model is the basis of many conclusions about the application angles become a ircreatorrglyirrimportant as airfoils approach the
of vortex tjene'aolrs as a means of boundary layer control. ground For airfoils with lot flaps, wind tunnel tests, including

rAuthor ground aimulation, have been carried out. The theoretical rusuits
t era compaerrd with experiments and with linear theory Author

01175-128111 Vainirnigie Flugiechnieche Works-Fokker G m.b H.
Biremen (Went Germarryl N75-1130110" National Asrorinutics arid Space Administretion
JET LIFT PROBLEMS OF V/STOL AIRCRAFT Ames Research Center, Moffett Filid. Calif
J Batche /it AGAIRI V/STOL Aerodyn Oct 1974 18 p MEASUREMENT OF TILT ROTOR VIOL ROTOR WAKE-
refs (For availability see N75* t37t15 05.02) AIRFRAME GROUND AERODYNAMIC INTERFERENCE FOR

The effect of let lift interfurrorice on the design of let-supported APPLICATION TO REAL TIME FLIGHT SIMULATION
V /STOL aiicraft Ito rlriacised The basic flow problems whichTryMGfe(BlHliotrC.FtW thTa)nd atn
are assumed to be valid for all types of V/STOL aircraft ara Tr. M affay to el Heliopte CSo. FtWorth, Tct 1I7 and pai
analysed. The operational aspecte of military V/STOL aircreft0.Mle iAAR V/OLArdn O.174 1p
re examIned. The specIfic problems of V/STOL operation involving rosC (of CviaiiyswN51760-2

transition flight. pitch control antd stability. lltteral/dIreoction, control The hover and low speed rotor wake .airfroernegrourrd
and satbility. hovering flight, irid recirculation of the (ati exihaust aerodynamic characteristics of the XV. 15 tilt rotor research aiircraft
are presented Author ware determined in wind tunnel tests of a scale model. Itesuits

of the wind tunnel taste were applied to reelfl(ight thime simulation.
The principal findings of the wlInd tunnel tests are aurmouanlee

N7S 13512 Verminigle Flugterilrrische Witrke.Fultkker G.nitb H.. The effect of aeuodynanraic nterference on tihe handling qualitles
Biremen 1West Germany) of the airciaft Is analysed it was determined that aerodynamic
SIDEISLIP IN VIOL-TRANSITION F111111011i A CRITICAL Interferunce ofcaloot ear significant In hover and at lkm speeds.
FLIGHT CONDITION ANO ITS PREDICTION IN SIMPLK with the influencis being more pronounced in ground effect titon
WVIND TUNNEL TESTS out of it. At aireliceds abow* 60 kric~ts, aerodynamic. Interference
B. Ewald In AGlAFD VISIOL Aorodyn Oct 11174 13 t dones not haye a t.lgnificaiit effecat on handling chai acsetistics.
rats (For availability sac N75. 13795 05-02) Author

Wind tunnel talst were conducted to analyzie the performance
of the VAK 191 B VIOL Aircraft during transition flight. fle 11118-11811 Air Force Flight Dynamics Lab.. Wright Pattersoni
procedures for condutinig the wind tunnel tests are exuplained AFB, Ohio. Flight Control Div
It wait dlatarnhiird thrat the ratio of let miomrentum and free US AIR FORCE V/6TOL AIRCRAFT AERODYNAMIC
stream momentum an the most important oatInltg paritmafvr for PREDICTION METHODS
thle Influence of the lot urn the external flow field. The results of Henry W. Woolard Int AGAFID V/STOL Aerodyni. Oct 11974
the wind tunnel tests are compared with flight test results to 14 p rets (For availability see N75-13795 05-021
deteramine the extent of agreemenit. blased an the wind tunnel Analytical methods for the prediction of the aerodynamic
teats, development of the aircraft outomatic altitude control system characteristics of V/STOL aircraft ale reviewed. The aerodynamic
and a system for pilot training In the flight simulator was charecteristics of short takeoff aircraft are discussed with emphasis
completed. Author on high lift systems using interoalty-blowtr fiaps. undrit theawiag

sixternatly-hlown flaps, and mechanical flaps combined with thrust
N76-13013 National Aerospace Lab. Amsatrdaini (Netherlands). vectoring. Iihe power-induced aerodynatilcs of liff-t-itt lift-fin.
A METHOD FOR THE CALCULATION OF THE FLOW FIELD and vectored -thrust V/SrOL aircraft operating in hover and
INDUCED MlY A JET EXHAUSTING PERPENDICULARLY transition flight regime is aexaminited Emphasis Is pieced air
INTO A CROSS FLOW describing selected methods that emptloy rational analytical
H. Smnall In AGAIID V/STOL Aerodyn. Oct. 1974 1S p refs modeling of the real aerodynamics In conjuncrtion with empirical
(For availability soc N7111137951 05-02) modifications as required. Author

A description Is given of a method for tIre calculation of
the potential flow field arising from the Interaction of a turbulent
let with a uniform free stream. The method Is applied to theNSiam Dunryte mb.,IidrchfnIet
uases of a jet morving perpendicularly into at cross flow. The 117Germany).SsomGm.H ~iorchhln Ws
model assumes 'he let to entrain free stream mess together PerEDITInyO) EOYNM.ITEFRNEFET
with Its free stream momentum., The decay of asia) velocity in WREICTIO OLFT ANRDYPAN-IFT VNTO A mIRCRA FT ET
the let is used as empirical input The geomretry of the let surface WIeTHr WETLtsIFT ANIFD FANLIT VL AeRdy OCRAT117 9p
and let entralirnuent follow frort the model A setl of qluadjratic Dso al nAAI /TLArdn Ot17
equations, describing maess and momentum transfer from the rats (For availability bee N75-13795 U5.02)

exteiorflo to he et.consstet wth euatonsusedfortheA guide-line for a rough astinistion of the let induced lift
extmoerio flowst the noet. c eonsisten wisthrruatirns used fh ourte loases of VIOL aircraft configurations with let-lift antd fen lift

let ode, yeld.thenoral vlocty istrbutoimn an th sorceengines haoverng In and out of ground effect Is prresented. The
strengths of the surface poanlb Author nature and magnitude of the aerodynamic let interference effecte

is found empirically by dimensionsl analysis of the flow field
0176-138114 Air Force Flighti Dyfrirrics Lab, Wright -Patterson arid by measuroamnts. Jet induced lift losses and pitching
AFI, Ohio. Prototype Div. moments with forward speeds are discussed on the basis of
0ESIGN AND TEST OF EJECTOR THRUST AUGMENTA. winrd tunnel measurements. Author
TION CONFIGURATIONS
8, L. Brown end fi. 0 Murphy In AGAIID VfSTOL Aerodyn
Oct. 1974 12 p refs (For byiralabitit see N7tl-13795 05-02)

The application of hIrperminring primrary injection nottch devices N75-13E11 British Airarstt Corp.. London (Englanrd). Military
for operational vertical tekeoff aircraft Is discussed Prelimriniary Aircraft Div.
design studies have been directed towrzrd subsoiric anid supersonic A REIVIEIW OF THE LIFTING CHARACTERISTICS OF SOME
VTOL close air support fighters In addition to demonstratinig JET UIPt V/1TOL CONFIGURATIONS
the feasibility of the elector thrust aijiglmorrtation (EVA). speciril P. G Knott and J. J. Harlireaves In AUAFID V/STOL Aerodyn.
probltems in the areas of engine cycle characteristics. intarnel Oct. 1974 12 p refs [For availability "ee N75-13795 05-02)
aerodynamics, arid esteinol dynanilcit were investigated rwo- Changes Ito the wing lift that occur aso a result of the
dimensional wind tunnel ladea waeis conducted to analysie the interaction between the lifting let efflus and thre free stream are
external aerodynamic prrobleri areas One test irivestigentas the discussed. Attempts to develop empirical mrodels for predicting
vertical flight mode iand tho tither test Investigates the transitlion the aerodynamic oharactaristics are described. Date correlation
flight mode Author attempts are discussed with respect to a curve fitting exercise

using data from teals on a finite wing with lot sie and position
NTS17.11M1B Rluhr Univ. Soiumt (Woal Geimanyl as variables, and a method which approximates [he lift to
GROUND EFFECT ON AIRFOILS WITH FLAPS OR JET thrust coefficient relationship linearly It lacstated that the location
FLAPS of thre lift lets is one of the most furndaentanl naraistotes end
K Gersten. R Loehr. earli E Basee In AGAFID V/STOL Aerodyr. tosta results are presentoi tro show some of the lift trerndas Results
Oct. 1974 12 p refs (Fot aveilability see N75 13795 05-02) from tests conducted in ground affsect in broth htover and forward

The two- dimensional incorinprirsaible flow past airfoils with speed aer discussed. Author
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N7111-13820" National Aeronautica and Space Adrministration William McIntosh and John K Wimpr... lin AGARD Aircraft
Am** Research Carrter. Moffett Field. Calif Stalling and Buffeting Feb. 1975 21 p (For availability son
RIOUIREMENT FOR SIMULATION IN V`/6TOL RESEARCH N75-22280 14-02)
AIRCRAFT PROGRAMS Wind tunnel leafs for estimating the stall speed of the
Harvey C. Quigley and Curt A Itolzhduser inl AGARD V/STOL Boeing 747 aircraft were conducted The test results were
Aarodyrt. Oct 1974 11 p refs (For avalaobiltirr ce N75-13795 adjusted to full scale flight values using correlation factors
05-021 developed from other transport aircraft designs. Flight results
CSCL 0hZ showed a reasonable deriaee of success in predicting stall spends.

The application cit flight simulation to aircraft desigin arid A furthor analsiei was made to show the effecte of seroelastic
development in discussed Thre gosniial stages of aircraft and airplane dynamics in accurately predicting aerodynamic
development are defirneid The application of flight simulation to stall. Author
the following prolects is reported (1) the development and flight

rasteatch of the Augmented Jet Flop STOL research aircraft antl N76-222114 Office National d*Etudea at do Recherche%
121 design studies of advanced VTOL research aircraft It is stated Aerospetiales. Paris lFrancal
that the simulation projects provetil significant in helping FLOW SEPARATION AND AERODYNAMIC EXCITATION AT
establish criteria for the aircraft design and in facilitating the TRANSONIC SPEEDS
study of problems associated with now flight profiles, new methods B. Mannrist n. AGARD Aircraft Stalling arid Buffeting Feb.of control. and special emergency conditions Author 1975 14 p refs In FRENCH; ENGLISH summary (For availabilify

see N75-22280 14-02)
N7111-131121 Kingston Polytechnic. Kingston Upont1hames The effects that the birth and growth of separated flow
ilinglard) aerase on en aerospace vehicle surface have on aerodynamic
A LITERATURE SURVEY ON JE1TS IN CROSSFILOW stalling and buffeting are discussed The separated flow areas

E P 111ASM n P MWod n GADV/STOL Aerodyn. are defined as those points of turbulent flow which produce
Oc. C97 P. pso ands P.Mood ailblity AeGA5R 375O52 high level pressure fluctuationrs end exciter the vehicle structure

The Important features of a literatute survey on the Interfart The Influence of strong positive pressure gradient* In thre Itansonic
ance affectst of lets in cross flow are outlined The catalog lists regime is analysed. The computationr of buffeting intensity is
the reports reviewed and contains a tabulation of dais in terms analysed with respect to the characteristic. of the unsteady
of the Independent variables, dependent variables, and tesl pressure field. Author
techniques Tne experimental work lu considered with respect to
the fo~llowin~l ill the fluid and geometrical properties of the iet N76-22286 Royal Aircraft Establishment. Bedford (Enigland).
and cross flow end 12) the geonretricsil strangmamerti. of the AIRCRAFT DYNAMIC RESPONSE ASSOCIATED WITH
aearodynamic elements Author FLUCTUATING FLOW FIELDS

J. G. Jones In AGARD Aircraft Stallingi end Buffeting Feb
1976 16 p refs IFor availability seri N71-22280 14-021 .

N75-22280# Advisory Group far Aercitpatiur Rrliicirctr and The Interactions of fluctuating flow fields end the dlyrramic
Developmient. Patio lFrerica) response of aifrcraf structures which results In buffeting areAIRCRAPT STALLING AND BUFFETING discussed. A basic feature of the dynamic arnelyuis of buffeting

I. Feb 1975 169 p, nets In ENGILISH. partly in FREINCH la the closed-co niriteiatiori between the flucjtuating fluid motion
IAGAROD.LS-74) Avail NTIS fiC 6 Z.B and the motion of the wing surface. Thre problem of formulating

Lectures on flir subjeciit of aircraft stalling anti Dufifeting firm an appropr~ate theoretical model for structural buffeting is
pres~entad. The s~ope of the prasentaticins itivoivev renvant discussed, together with the analogous situation involving response

eelopments in the unnlerstariring of thei fluid dtynramics oii in rigid-body modes. Including the oscillatory motion known as
aerodynamic stallinrg and hrtffeting. the dynamic reiporise of the wing-rocking. Author
aiicraft. end techniq~ues lot buffrt prediction. with curisideration
of the implications lorinta~rarft designi or iriLtiMIrfit titleA, see
N75-22281 through ff7622287 N75-22284 British Aircraft Corp., Warton (England). Aerody.

I. nemics Dept.
PRI-STALL BEHAVIOR OF COMBAT AIRCRAFT

N7B.22261 Royali Atiurall Lionbimhenirint. Beadfordl IITDiiiiirir D. E, Show In AGARD Aircraft Stalling and Buffeting Feb.
AIRCRAFT STALLING AND BUFFETING: INTRODUCTION 1975 IS p refs iFor availability see N75-22200 14-02)
AND OVERVIEW High Incidence, pro-stall behavior of combat aircraft is
G R Taylort It AGAHI.) Aircraft Slalliin artid Bufftlirng Feb diecussed In terms of fluid flow characteristics and the corra.
1975 lB p rots (For availability bsa N75 222801 14 02) spending flight dynamic pbanomrigno. Emphasis is placed on the

Thre pherrorneira of aircraft stalling arid buffeting arm ane- aerodynamic phenomena which are defined as winrg-rock The
lyled %Nith respect to the irrfluences aerotriect y various. atrudviiamini phenomena are associated with a collapse of the dutch roll
configkiratiorre Variations oft tire lift coefficient o ati wing with characteristics to a divergent rolling oscillation and with the
changes in angle of rinciderrce anti Mali number atir us~rtiiisil rigid airframe response in the dutch roll made to the low frequency
to show tire affect oni this stalling characteristics Asioivrririrric content cit wing buffet. Author
rlesciqns which provide a uinifonrm premsure distributionr as a methodr
for delaying the onset of aerodynamic stall are described. Block
diagrams are developed to show ltre relationships of aerodynamic N75-22297 Messierschmyitt-Boollrow-B.St. .ir G.rn.b.H, Munich
forces and aerodynamic effects for structural buffeting and (Went liermanyl.
rigid-body dynamics The limitations Imposed on aircraft maineuver. CRITICAL REVIEW OF METHODS TO PREDICT THE GU FFET
ability by the onset of aerodynamic stall are explained. Author PENETRATION CAPABILITY OF AIRCRAFT

Helmiut John In AGARD Aircraft Stalling and Buffeting Feb.
1975 29 p rets (For availability sea N75-22280 14-02)

M75-22382 Douglas Aircraft Co. Inc., Long Beach, Calif. A general survey of methods for predicting the buffet
REMARKS ON FLUID DYNAMICS OF THE STALL penetration capability of various aircraft Is presented. The InfluenceA. M 0 Smith In AGARO Aircraft Stalling a~nd Buffeting of aerodynamic buffeting on the performance and maneuverability
Feb. 1975 33 p refs (For availability soar N715-222130 14.02) of aircraft Is discussed. The prediction of bufftirrg intensity on

An analysis of aerodynamic stalling based on fluid mechanics the basis of nmean aerodynamic loads Is examined. Mathematical
phenomena Is presented Emphasis Is placed on the flow models of the buffet response to determine iloads and peak
seperation which occurs during a stail arid flow photographs of accelerations aer daveloped. Wind tunnel tests for determining
such events are provided Limits to pressure rise for both laminar stall characteristics using a forced vibration model in one case
and turbulent flowe are given, as well as their general theory. and a nonlinear flutter modal In the second case are described.
The effects of Reynolds number. Mach number, and airfoil shape Author
on flow separation are examined. Diagrama of the conditions
existing In full aircraft stall end buffeting process are developed.
The problem of calculating flows with separatiorn is discussed. N75.22485# Advisory Group for Aerospace research end

Author Development, Paris (France)
AIRFRIAME /PROPULMION INTERFERENCE

147111-22293 Boeing Co. Seattle. Wash Mer 1976 419 p refe in FNGIiSHl:Vpatly in FRENCH Presented
PREDICTION AND ANALYSIS OF THE LOW S111PEED STALL at the Fluid Dyn Panel Symp, Rome, 3-6 Sep. 1974
CHARACTERISTICS OF THE BOEING 747 IAGARD-CP. 1501 Avail: NTIS HCSI10 5 CIICL GlA
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* The proceedings ateimportetad of the Fluid Dynamics Panel An experimental situdy was performed to establish the separate
Symposium held in Ronme. Resiearchr on airframxi/protrulolon drag force contributions of the principal components of a
interferenrce, and the design of combat and traniiir aircraft rectangular. two-~dimensiornal. external compression type.

*wart discussed For individual titles. see N75-23486 through supersonic air induction Inlet system. Concurrently, inlet system
N75-23513 performance was measured in terms of engine face total pressure

recovery and special flow distortion, and the possibility for traideoff
between inlet system drag and performance was explored. A

N711-23486 Office Natioonal d Etudes at tie lacheich,'e scale model of the forebody, including sir Inlet and duct systenis.
Aerospatiales, Paris lFronerin of an advanced, twirn engine, strike aircraft waxt employed for
INTERACTION PROBLEMS BETWEEN AIR INTAKES AND tile 61rily Thi windr tkniriisl itioralx anrtaigeoetit utilired o
AlIRCRAFT I1PROBLEMES D'INTERACTIONS ENTIRE L.A dirai-binlerire tecfiriirlre to niaisexbIi fartiridy silri thir nlerit lorcori
PRISi DAIR ET L'AVION) sarparatrily Then rufotitit urn ilia rif- induictrion symrnir aind vithicis
tacky Leynaert hit AGA RD Airfrarne /Propuisiorr Interference farahoiy due to rouin corrirrionirxrr chanigesranun varyring inropirt
Mar 1 975 1 1 p refs iii FRE[NCH (For availability sac N75-234835 won anil flow inrlurriireiirrt womiti dntirtfut hTili rirnilor itilti viurinfrtfii
16-02) its the rrrvustillutrii inicliuded cowhig lip arid finleawli qil'it tiesirir.

The definition of the interaction terms between the sir intake boUrirfirry leyer bloodt artid air bypiass exhaust configuration, anti
arird the airframe, and the theoretical arid experimental tools iuonripruuuxion surface deflection schredulei Tire wind tunnel tasting
ubed to study the problem for subsonic or supersonic aircraft wins condructued In closed circuit. continruouis flow test facillitis
are presented Some examples of the Influence of a nonuniform over a lull range (it supersonic anti trarnsonic speeds arid
upstream flow on the internal flow characteristics of suipersonic relrinnunraiarve ruirgec of vehicle snUleun cuf attack and sidesrlip
initakesitr given. and some measns of adjusting the mInlt to a Three Sugritt~icait a1spects of ti10 IRrograir iria addisasric inlet
nonuniform flow, mainly for flight with Incidence or yaw, are arid veictlctsrunigiiguration iritagrin tint, wind tunnel nmodiel arrangearralyxeod Author riairt fur forme darta imeasiuremenet. anii~ rinssurad drag arid

perfoirimunce results These data cani be broadly divided according
to cowliing. side wall, anti ileeid/hypass affects in Ordner to display

NTB.24a1 orthop Cop., awthrne. alifirijor niririrs ini drag sait lifirlonirrxnce for the investigated ltraironic
A CRITERION FORI PREDICTION OF AIRFRAME INTEGRA- n uiiorcsritfniirnAto

A TION EFFECTS ON INLET STABILITY WITH APPLICATION
TO ADVANCED FIGHTER AIRCRAFT

5 IGordon R. Hall lin AGARD Atufretme/IPropulsion Interference N75.23490 National Anrosmpacrt Lab .Amnsterrdarm lf'Jttiilaurdsl
Mitt 1975 15 to tef* IFor availability see N75-23485 115-02) JET INTERFERENCE OF A PODDED ENGINE INSTALk.A.

A simple criterion for the prediction of the effects of aircraft TION AT CRUISE CONDITIONS
external flow field ott Installed inlet stability is presented Wind B Muririlkarie arid F Jitarsira fit AGARD Airfruumu/Propuiaiorr
tunnel data obtained from model losts of ant advanced fighter lIrterference Mar 1975 18161 rtils (for tivauluhilily -sart N7623486
aircraft are used to provide af bass tot discussion of installed 152
inlet instebility and to demonstrate the Instability criterion. Thre results Of err eskrurniehntal winrd tunnel test program oii
Specifically, two sources of supersonic inlet Instability are thre wiiig-lylorr-byptrxsi airgintt uonrbiruiorr at the Airbus A
identified. tirea instability mechanism is dicusaksed end an instability 300 8 airplane are- presernfed Only irerodyraiemic intritrnterecu
criterion is defined, and application of the criterion is demonstrated. cii. Ic tirne ergdet h ngine let w as cweilrd lo iastsrmiaver ilieThe sources ot Instability inc~lude Ingestion of separated fuselage irefrmrade u oteedr n!u rl st aetr
boundary layer at high aircraft attitude and Ingestion of a vortex tpossibility to nixtialroletu the test rtsults fromr miodal raieranrcu
generated by a wrirg leading edge extension at negative attitude coniditionis to frill scale ax Inst scherem wash dervelopied To prove
A common stability criterion accounting for the effect of the valiidity of tha ersiburrptions fit flue scheme several inrtermredliate
freestveam Mach number, aircraft attitude, and inlet mass flow stelts were inanet As tlea stigiinx jet-auirniitr iritaifoaruucn is rirutual.
ratio is postulated end confirmed by available data Thie seine also effects of ilia xternirl fllw cnitlire Interinal engine iogilu
criterion fis discussed iii relation to observed cases of subsonic flow causing eriginix altifting lIs% to bet consnidereci In fintui to
irrlet insetablitfy andi inlet instability resulting from slipstreem astirratx tirea magniitude of this influence of thu exuternal flow
ingestion Applicetion of the criterion to evaluate the effects of fedaroirauiniiriilo h a ral ri entse
ourirfuguration changes ott inlet stability boundaries is demon- using air opt icui tochiqiiiru Fromrr these tests thin speiuific features
strafed Author of thefit tanurtle flow field rirrginig fro uricbriritirrul viai suprici itical

tnt choked carnuirndiriii are itescri bird Author

N76-23488S Aircraft Rebseach Associatioin. Ltd . Bedford N117111234911 Aviorre Miurcel Cassault.Bregiixt Aviation, Saint
(Engi~eldcf Cloud irraircel
THE MRASUREMAENT OF THE TRANSONIC SPILLAGE EFFECT OF EXTERNAL CONDITIONS ON THE FUNCTION.
DRAG OF A SUPERSONIC INTAKE ING OF A DUAL FLOW SUPERSONIC NOZZLE [EFPET
S A M Thoinilay, arid E C Carter In AGARtO Aidrfiar/Prfopuleroir DES CONDITIONS EXTERIE UPES SUR LE FONCTIONNE.
Interference Mar 1975 13 p refs For availability see N7 5.2348 5 MENT O'UNE TUYEhE SUPERSONIQUE DOUSLE-FLUN I

16-02)Guy Duflichemont arid J Delery (Office Nati d'Etudes at do
The techrniqure is descrtbur in current use at the Aircraft Flacir Aerosp~talixr. Pnartl lii AGARD Airfianiri/Propulzioir

Researc~h Association for irea nreasuraeniir of ilie transonic spillage Intartteruirux Mar 1975 14 p. refa Ir FRENCH. ENGLISH
dfrag of a two dimrensionral. iamp intake. lb. method requires suimmaery (For availability ss@ N7ti.234115 1 5021
Iifa calibration of ftir inteke duct sysitim for bothr meas flow Tr isgro ecil rirayarrt rlle ivr aeu
nirid oann momenturr. The technique is equally applicable to study ot tlira propiulsionr systerir, taking into account irnterferenrces
ilprsnic testing. Thire achiervedi repeatability of the measurenments with trn external flow A Itosviblen solutionr to thris diffic~ult problarin

allows Intake configuration differentiation to r or -1% iii of oaniptatiorr Is thai of ai dual flow trysterri cunirsixiri or two
aircraft dreg for a typical supersonic fighter aircraft at high subsonic irolies with variable imectiurix Plow rngirres whene the ptintrey
spesed Threoretically based calculations show satisfactory Pintl Imrpious onl thie secordinlry uroue are consirforad Tfrn eovutriton
agreement with the ineasurremenrts both for a range of intake is arralyuer Of tile pirairoeirnir Wheni tire uxternal prouaruri arid
maiss flow and far intake ramp angle changes The teofniique is tire distanrce btetwrieni prirriary injector exhaust plane arid tilie
economical arid suitablew for routine testing General comments rlojte erft are varied Thins esnarimnreral study sihows th iniflureince
on the merits oft methods available for the measurement of spillage if the exterrral conirduions uport the functioning of thre irazzia
drag using the balancen mounted andi whole model technique Ttheoretical rmethrods tire given whinch allow a reusonabufls prediction
tire prevented together with recommiendations for further technique ot nozzale perfrrmrnance nriider such conditiorrx Author
dlevelopmnent Author

N75-23492 LTV Aurospuce Carp. Dallas. Tax Varught Systemys
Div
BUNSONIC EASE AND BOArTAIL DRAG, AN ANALYTICAL

N7S.23419 Grumman Aeroepasce Corp.. Bethpage. N Y APPROACH
AN EXPERIMENTAL INVESTIGATION OF THE COMPONENT J K Queriroairi It; AGARI) Airlranre/Propnrlslon Intrferternce
DRAG COMPOSITION OF A TWO-DIMINGIONAL INLET Mar 1975 12 p ruef (For availability see N75-.23485 15.021
ATTRANSONIC AND SUPERSONIC SPEEDS1 Methrods fil subfsonic potinnitial flow wers applied to theClifton J Callahan In AGARD Airframe/Propulsion interference calculation of trive arid boalteil drag For conrfiguiratioins with aMar 19715 10 p nets (For availability see N75-23485 15-02) basme tire Kiraf mrretrod waus extended to sib~tsoniri flow by

27



02 AERODYNAMICS

incorporating a standard family of free streamline shapes and a afterbodyr This dlffftericrs in behavior existing between tihe
semi-empirical &chains fot selecting the total pressure on the reversers are shown as revealed by tests carried out with no
dividing streamline Thepotentialflowarounrd ilashape defined external flow. and with exrternal flow in the ON.ERA wind
by tho body, free streamlinre, and let establislhes thia bse airidt tunnel Installation Art inlvestigatlion 0n Inteiractionf rinichartiatna

boattail pressures Significant parts of the (Iraq associaterd with itpsiltoeranl hutrvrereuts ob hineh mIsalice

base. the ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~h afeto h e hp sfl ytebald iha eeeainfre ieaayeadte ofulcs of flight Machl

wuuid otherwise be lost rr externael expransionr is recovered on Ato
tirea boattari The frarctcion recovered droprs rapidly with increasing

Iset prassure ratio Rlesults aer coimparred writh flight and wind N75-23496 Brrtrsh Aircriaft Corp (Operatintg) Ltd. Bristol
lutarnrl tests o lia ir Vought Al7 Airplaner Author tlirglanrch Comimercial Aircraft Div

REVERSE THRUST EXPERIENCE ON THE CONCORDE
N75-23493 Office N atiornal d'Etuices cit cto Rsrclrrcttan A C Wilinirr arrrd R L Scolirird in, AGAIID Artiirfram/Propnlrnlonn
Asrospatreles. Parrs iFrancel. Irnterferenrce Mar. 1975 15 p rets (Put availabilrly see N75-23486
THEORY OP MIXING PLOW OP A PERFECT FLUID AROUND 15-02)
AN AFTERUODY AND A PROPULSIVE JET (COUPLAGE eavereso thrust Is used as a means of deceleration on manyV
ENTIRE LECOULIMINT AUTOUR D'UN ARFRIERE-CORP$ aircraft Perticst limitations to lists use are sot by the followingIT L11. JET PROPULSiF EN THI4ORIU Of PLUIDE PAR- airfrome/propiitsiorr interference of hot gas ingeatioin. arid aircraftFAIT) handling The reverse thrust force may also differ from that
Roland Maria Subs. Joan-Jacques Chatlot, and Gerorges Gilloil measured on a test bad due to interfereince Modal tests ito

2in AGARO Alfrlrrre/Proprrlsiorr Interference Mar 1975 12 p determine these Interferecnce effects lot the Concorde aircraft
taef in FRENCH, ENGLISH summery (For availability see were carried out. The several teat technicques used are described.
N75-23486 15-02) the mrodal results are 4ompared with those inferred from testsI

*The interference effects betweeni external and Internal flows on the pr, totype and production aircraft. Authorare examinad in the tramework of the inviscid flow theory. These
pheiiomenra are connected mainly with flows arouird ofterbodles
Subcritical asisymmetrical interacting flows are studied The N76-23497 MossaracfrmifttBoelkow*Rl1ohrrr G.m.b H, Munich
conmputation of both Internal and external flows is carried out (West Germany).
using a finite elament method. The results make it possible to REYNOLDS NUMBER EFFECTS ON FORE. AND AFTBUOY
determine tiria shaper of the let using a prreudo-hodographrc PRESSURE DRAG

y methoud, with an iterative procedute. The lIrterference effects of Fells Airiehie and Geert Revilgit Ir AGARD Airframe/Ptopuloiorr
a supecaonlru Infernal flow with subsonto or transonic external Interference Mar. 11975 15 p rets (For availability see N75-23465
flows are considered. The supersornic internet let is computed 1 5-02)
using the method ot ctreracterviarins The coupling conditions As analysis of a wind tunnel investigation at Mantr number
between the internal and the external flows art taken into account, 0.3 on a series of satloynmetric bodies showed as a main result
using an iterative procedure in a way similar to that proposed that varying Reynolds number produces opposite changes it,
by Young, but extended to coimpressible externral flows A pressure dramg ott fors. and ahbody. respectively., It Is exptlrrned
comparison with existing experimental results is pmiruirtert that this r`4sult11 Could very well be caused by wind tunnel

Author Interference. As a consequence, to determrine aftbody drag
N752344 Nw Yrk ~rrv NY. rnirei~i~r Lir ourrectly It will bet required either to test in Interference tree
N75-349 NowYor Uny. NY. moal~m ai)wind tunnels or to take Into account the compensating effects

LOW SPEED INJECTION EFFECTS ON THE AERODYNAIMIC on the forebodV. Furthermore, itei pointed out that modifications
PERFORMANCE AT TRANSONIC EritL-O iII aftbody geometry affect lorebody dreg. Resultit from the
Rento Pita In AGAND Airlramroeftiupuision Interletance Mar. commoniy used altbody teat rigs with lorobodies fixed to the
1975 t0 p refs Prepared jointly with F1om111 Univ iFor availability ground therefore reed appropriate corrections. Finally. the
see N75-23486 15.02) sensitivity of drag components with respect to the location of
iGtent AF-APOSR-72-21671 spit lines is discussed. It Is shown that subdividing Ills boattall

The problem corn erning tire possible reduction of the tranrsonic Is not advisable from an accuracy point of view Author
dreg for a high siiiaed airplane was studied to enhance the
aerodyiranmic perfocn'rrine at low altitudes whenmlthe drag inues
be minlimixed. Attention wen focused on decreasing the drag N75-23498 Royal Aircraft Establishment, Fornborough lEnglandl
forces on the aft portion of the vehicle. An experimerntal Aerodynamics DeptIeirrestigatiort was conducted to deternmine the effect, on ftterbody THE SUBSONIC BASE DRAG OF CYLINDRICAL TWIN-JETdrag, of lhu injection of a small amount of air spilled from the AND SINOLE-JUT AFTEREBODIES
propulsive system. having low stagnration pressure. In the rear J. Reid, A. R. G Mundell. and Ji. F W. Crane hin AGARD
ot thei model. Tire purpose of this injection was to avoid Air-frarne/Propurlaior Interferuimsr Mar 1975 13 p raef [For
overexrpansiorr of the flow and to increase thre average pressutre availability asee N75-23485 lb-021
on the aft section. The main problem to be investigated is where The effect was studied of torabody and support interfetrence
thin injectiorn is mocat effective and the amount of err required to on the bass drag of cylindrical twin-Jle attsrbottiea in wind tunnel
avold downsatream reattachment. Sornr results are presented. It tsets at subsnrrlc speeds. Two almost identical efttubodiec warts
was fournd that the requited armount of air is relatively low, tested, one Init strong interference field and the other nearty
because of ilire high sensitivity of the interactiroil region to any free from interference. The results Illustrate the impor~rtancis of
small change int the flow regime Authror ilire effect and also serve to test two methods of correction

Supplementary teosts how that the base drag of a cylindrical
twin-jet afterbodyr tends to he a slightly greater than tiata Of the
equivalent exisymmatrio configurationi Finally. is method of

N76-23495 Spoo~ls Nationals d'Elude at de Construoticr tde correlation Is described whereby the base drag of both twin-lot
Moteurs d'Aviation, Melun, (France), and single-lot models misy be expressed in linear form Author

RESEARCH ABOUT EFFECTS OP EXTERNAL FLOW AND

AIRCRAFT INSTALLATION CONDITIONS ON THRUSTI
J. M. Hardy and J P. Cnrto In AGARD Airframe/Propulsiorr N75-23499 Tennessee Univ Spae Inst. Tullahoma
Interference Mar. 1975 11 p in FRENCH; ENGLISH summary ON SOME PROBLEMS ENCOUNTERED IN A THEORETICAL
lFor availability seec N75-23485 10-021 STUDY OF THE EXTERNAL FLOW OVER A NOZZLE

Developnment of thrust reversers is generally carried out in CONFIGURATION IN TRANNONIC FLIGHT
angina rest cells without external flow. As thrust reversers deviate r. H. Mouldair. J M Wu. and 0.4J. Spring iArrrry Missile Commrand)
a significant amount of flow this modifies Ies aerodynamic field rit AGARO Alifrsma/Proirularon Interference Mar 1975 12 p
surrournding an aircraft. lInversely, flighrt speed as well as aircraft refs (For availability see N75-23405 15-02)
Installation conditions react on the operating charecteriatics of (Contract DAAH0I 74-C.OtS3i
Ilirlust reversars Thise interaction Is contingent on the thrust Altrintion is drain to the laick of Information, both etperinrren-
eoversers design arrangement The interaction mechanisms is tat and theoretical, concerrning the transonic flow over an orirgin@

analyzed using test data collected with two types of thrust configurationt operating at various thrust levels. It i5sahowir that
reversers during err investigationr carriedi out on the CONCORDE the flow Is of grant complexity, In particiular. when tiria free
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titrealir Mach nunmher is juet supersonic. it is found that the A flight test of the A-7E airiplane is reported along with
confluence bertweern the let anti the external flow is still more associated wind tunnel testli comprising approsirrately one hall
nearly subsonric Ilii nature This observation Implies that the usuial of the long range program The difficulty of controlling parameters
theories for supersonic base flow are riot applicable to this in flight Yves overcome by flying into the data point while allowing
situation. Calculations fromr such a theory are presented and only slight variations in anmbient pressure Wind tunnrel tests
diiicustai in thea light of experimnretal evidenoe It is recommended were miade iii a 1.2 x 1.2 moter blowdown tuinnel Models
that considerable effort Ire spenrt :n developing theoretical tools were run with both hot and cold exhaiust Doe imodeal was i
based upon solutions to rmore exact equatlaion arri that more wirngless body of revolution, the second was a geometric
fundamenetal explerlrnents lii perforirrer Author representation Of lreo aipialne The flight test derinristrated tile

practicability Of parameter161 control testinig. and showed applicability
Frire Ato 'roplstrrrLair. Wiplt~etrnrorrof streamn thrust paramete r to infliglt lit ngine perfourianurce

N 76435O AlifreAiaPousoutl.WiidPifro evaluiation Wind tunnel (Iota sirow trenids and gurieral levels
APO, O~hio comparabile toi flight, turd have vertitirt sorrins aieas ir which
TWIN JET EXHAUST SYSTEM TEST TECHNIOUES development oft conriratlonns is riecniseiy Audliuo
Roniald J. Glrdntwnrl unit Arthur tE Ferrnirii lit AGARD Aiifrarmei/

In ~~~~~~Propulsion Interference Mar. 1975 If p rafs lFor availability NE254AO h. irl i op ttoTni

see problem5 ofItgatn ifrm02 pousonsse EXHAUST PLUMEH TEMPERATURE EFFECTS ON NOZZLE
Theprbtni f ntgrtin srfana ad roulionsyteriAFTERSODV PERFORMANCE OVER THE TRANSONICrequirets that the Various wind tunnrel models, used in accomrplish-

Ing the task, simulate as accurately as possible the internal arid MACH NUMBER RANGE
external flowfietdn that will be experienced on thia airplane It self C. R.RbnoM0. High. anti E. R. Thompson n ,AGAHD

defie iletandexhaust systemr interactions with the airp~larie 160oe2) a yADC(o vilblt eeN538
itowfietd. Exact simulation is, however, prohibited by the lirnltgit1on02

of wnd unne tet tnthilqus. Ft te gt efect modl, uchResults cit an experimentatl research investigation on
* ~~~~~~limitations include the interference effects associated with thenoleferdyraarpestd prmnalfebdyad
*model support syistem, exhaust plume simulation slid the use of boalttal) drag coefficients end pressure distributions are discussed

inle farins i sustittio lo flwin inlt* nfomaton romfor on Isolated. strut-mounted nozzle/afterbody mrodel lor the

inlet~ac felting inng susttuio lot floin ilet The exinrimenonlhornI.a variety ot sources is used it) assess the rimpact of these model wMacl ti number ora from 0.si tode..ith ea exp cooerim ent d d ateliit atarono on lire accuracy of aftenbody performance measuredweeotie orlr ac nolwthiriroodardopoiehtjtduicin
mirdls Athoras well aso cold-let simulation. The temperature of the nrozule

exhaust gas was varied from 530 R (294.4 K) lburiier-off) to
F eapproximately 2500 RI (1388.9 K) for several niozzle pressure

N75-250 C atinalAsroautes ridSpae Actirnsreton.rotatis from let-off to those corresponding to a nmoderatelyN75-2601 "NatinalAernauics nd pac Admnisraton.under-expanded exhaust plume The differences between theLnlyResearch Center. Langley Station, Va. cold-jet and hot-lot results are signififclant, and adjustirrg the cold-jotl

AN EPERIENTA STUY OFJET XHAUT SIUIA.pros-sure ratio to correct tot the change in the get specific fheal
FTION opoll h GROlfan/rplir ratio with temperature will accounit for most ot the differences

Wila ,Cmli.II/tAAD Aitn/rpllnobserved. Author
16-02)
Avail. N7IS CSCL OIA N7S-235OB Boteing Co., Wichita, Kan&

Afterbody dragl piedictione foret Jaiitruraft are usually marts THE INFLUENCE OF NACELLE AFTERBODY SHAPE ONI
experinmentally with the jet exastirt flow simrulatedt. The physical AIRPLANE DRAG
gas properties of the fluid used for the* mordel let exhaust can Walter J. Rohling /it AGAIID Airframe/PropulsIon ri terfursnene
effect the acciuracy of simulation of fthe airplane's lot exhaust Mar. 197B 14 p rafs (Fijr availability msee N75. 23485 15-02)
plume. Ttte effect of the accuracy of thish simulation oii aftetbodV A program to design and fiight test quiet nacelles suitable
drag was; investigated by wind-turnnet tests with single engine for Installation on JT3O powered 707 airplarnss wss conrducited
model, In addition to unheated air as the exheust gus, the eislign requirements for the quiet noacels stated tirttftrs
decomposition products of three idifferent concentrations of nacelle shell beit fightwonthV. flight wsight. capable of being
hydrorgeni peroxidu were utilized. The air jet atirrulaf ion consistently orIrtficateod to airworthiness standards. end appropriate to the
resulted in higher boattail drag thin hydrogen peroxide simulation, aircraft type. The cruise performance flight tests alid the additional
The differences lit dreg for the various exshaust gases are attributed performance diaognobtic flight tests, Indicated err unnecessary
to 'different plunme shapes arid entrainiment propeirties of the gases performance penalty due to tta ironoptimuni aft translating sleeve
The largest differuirces Iii drag dua to exhaust gas propierties and fan nozzle configuration Air unfavorable airgio-of-sttacir
were obtained for tiria combiniatiorn of high tranrsontic Mach rnumibers sensitive interplay between thre wing and nacelle aft sleeve flow
and high boaeteial angles. For these cornditionrs. ther curreint destj fields was found at all cruise Macft nuritbers This penalty was
Indicate that tire use of air to siunrlate a rrorrftinrburrrirg turbojet the only significant teran discovered during the flightitlest piotirarri
exhaust can rssult in air rincrease iii ftierbody amounting to which required correction to provide a viablie retrofit nacelle
20 prercenrt of the iorraftOrburitoirg tuiltirnst V11l1ue. Author configuration. The diagnostic performainca flight tests. wind tunrnel

and exhaust system model tests are described that ware cornructedf
N75*350 Rols-loyci. td. Orrby ~irinuidl Ins tulatorito define the required change slrd so obtain dts iar the cruise1111752302 ols-Ryc. Ld. Dirhy(Eglad) Intalatonperformance benefits that resurltedtfroint the change AuthorAerodynamics Section.

A MODEL TECHNIQUE FOR EXHAUST SYSTEM PERFORM.
ANCE TESTING
T 0. Coombus lin AGAFID Ailrifiinit/Propilaiori lirturfarennre
Mer. 1975 12 p rsis (For availability see N75-23465 15-02) N7S.23606* National Aeronautics snd Space Adtrrnislrtiolrr

An accurate model techniqiue is deascribedt thrat was dsvsi- Lewis Research Cattter, Cleveland. Ohio
oped to nreasure the surm of gross thrust aird efterbouly drag REYNOLDS NUMBER EFFECTS ON4 SOATTAIL DRAG OF
for nozzler systerrs with single or two co-axial streams. The rig EXHAUST NOZZLE$ PROM WIND TUNNEL AND FLIGHT

ues air at amienitrt temperature anti is designed to operator In TESTS
th 9ttxSttasncwn rrie ftr icatRsac Fred A. Wilrox end Roger Chamberlin /ir AGARD Airframe/
Association Linriteni at Bedford Modal test results are also Propuson N nte23r4nc Ma.19515pr02)raviablt
presenrted to demnsoirtrate the accuracy arnd repeatability of tirese 7.39110)
rig and show the cornsidearble progress that has been made Ilr Avail: NTIS CSCL 01A
advaincirig tire slate at tilia art ott eshaubt sysrorria tar low specific A famitly of nacelle montrited high anrgle boat tail nocries was
thrust engirrer Author tested to investigate Reynolds number -ffaots nit drag he irozzies

were flown on a modified F-110511 and mounted on scale rrrodels
of err F 1011 tin a wind tunnel A 19- to 1-range of Raynolds

N7S.22S02 LTV Aerospatie Corp. Dallas, Teax. Vought Systorirr number was covered as a resuit of the large site differences
Div. betweern models arid by flying over a range of altitude In flight
ISOLATING NOZZLE AFTERSODY INTERACTION PARAME- tire irozzies were nmountedi behind J-85 turbojet enigirres Jet

TRS AND SIZE EFFECTS: A NEW APPROACH licisriduy siniulatois and as powered turbojet enllriem simulator
S.C. Walker Ir AGARD Airframe/Propulsion Interference Mar ware used trir the wind tunnel nirodels Data were tskern at Mach

195 p rats (For availability see N75-23485 15-02) niruinhers of 0 6 artid 0.9 Roatturil drag wast fountd to be affected
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try ReynoldN niumbrer The eiffect is a complex relationship N75,23510 Ueutsche Forschungs- und Versuchsanstalt Wuar
dependent uponi boundary layer thickness and rattle troattail Luft- und llumfahrt, Brunswick (West GormajrI
fihape An Fleynolds riunilie was increased fruin the lowest values PREDICTION OF THE OPTIMUM LOCATION WOF A NACELLE
obtained with scale murotilat. boattail drag first increased] to a SHAPED BODY ON THE WINO OF A WVING-flOO'V
maxurimum at the lowest fligtjh Rayninldr nuimber anti their CONFIGURATION BY INVISICID FLOW ANALYSI8
dtecreaseurd. Author S. R Ahmed lin AGARD Alrftarne/Propulsion intrforerence Mar

11375 12 p refs (For availebility see N75- 23485 15-021
N75-23507 Btoeing Aeruaplice Co. Setattie. Was~h Some results of a basic study aer presenitad which afims at
ACCOUNTING OF AERODYNAMIC FORCES ON AIFI the prietlictloir of optimum location of a pylon-monjitod errgirne
FRAME /PROPULSION SYSTEMS iracelle on the wing of a wing-body configuration with the help
Michrael I' Btarzinir arid WillliaminH Bail lit AGAIID Airfrarme / of invisuld flow analysis. The optionsa considered aire the underwing
P'ropulsionr Inrteirferenrce Mar 1975 1 5 1)rofs ( For fliriltibltity antil cverwlnU positons of thre rrzi~elle Varied praramneters are Its
siea N7ti-23486 113-02) spanirwlse andr cliordwiss lorcatiori along the wing Thre criterion

Proper eCCOcinting. prediction. and ineassremnrit of propulsiorr for the choice of the optitrrurrt location is tire minimum possible
* isystem Installation corrections rare eseential for the successful induced drag of the wing -body -pyion-necildle configuration The

development of advarrced military aircraft The results are reported theoretical calculation of the invlsoid flow Is done by the so-called
of recent studies which evaluate the methods used to predict. 'panel method' Feasibility of these predictions for suibcritical flow
nieasure and in8tegrate the aerodynanmic and propulsion forces is checked on the basis of extensive pressure and force
within a force accounting procedure that provides maximum measurements itt a wind tunnel. Author
element visibility and accuracy, and is applicable throughout an
entire airplane developmernt cycle Improved analysis techniquesN6251Vrlit loehnsh ok-oktGm..are described which provide more comprehensive and accurate 725¶ Vrlil igecniceWreFlkrGm:-.
predictions of inlet performance and nozile/aftbodyv drag early eremen (West Germany),
In the preliminary design process. Intle analysis techrriques make AIRFRAMEi ENGINE INTERACTION FOR ENGINE
Liae cf standardizted date maps for obtaining complete inlto CONFIGURATIONS MOUNTED ABOVE THE WING.
performnanc ctheractersitics. Notzle/aftbody drag calculaitonrs are PART I1: INTERFERENCE BETWEEN WING AND INTAKE
performed usinrg a rrrwlyt-deveirrpod trutroafed integral mnacn slope JUT
technique. Effects of strut interferenrce, blockage, mocdal split-line G Krenri Ili AGAtRD Airfreme/Propultelon Interference Mar
locations and other factors whitih introcitce uncertaintihes Into 1075 32 p refs (For availability see N75-23485 15-02)
airframe/propulsiori system data are presented. Author Advanced technology of airframe-propulsion-Integraition

confirm the feasibility for over-the-wlng engine installation of
N75-23608 Air Force Flight Dynamics Lob, Wright-Patterson transport aircraft. Beasic areas of interaction between wing and
AIII Ohio. erngine flows are described togethrer with specific investigations
AIRFRAME/1PROPULSION SYSTEM FLOW FIELD INTER. associated with fore and aft engine locations. For the aft location,

FIRECE AD TE EFECTON AR ITAKEANDWIT results are presented with flight test date including stall
EXHAUST NOZZLE PERFORMANCE and high speed flight characterixtirp. Further, low speed tunnel
0. K. Richey. L. E. Surber. and J A. Laughtey /ir AGARD Inves111tigation Of aircraft configurations with engine intakes well

Airfame/PrpulionIntrfeenceMar197 31p rre Forin front of wing LE.. result In increasing lift as well as Improving
avirfamiit e/Pouso N7 rterer4n5 Ma1 16 31p02) (u the liftl/dreg ratio durinrg T/b and landing. A theoretical approach

The Interference between the airframe flow field and the was conducted, using the well established panel mrethod, aird
internet /external flow in tfre air Intakes and euxraust noitzles of comparison of theoretical arid experimental pressure distributions
high performancre tactical aircraft Is shown to have a significant proved wall for spacing of one nozzle dianreter between the
impact on the periformancea end operating charatcter [atlas of tihes. wing and nazozt-jet shest. Author
components, end trance on oiverall aircraft performance. The
internalt flow characteristics of an Intlt systenm closely Integrated N75-23512 Vvrelnigte Fiuglecfrniache Works-Fokkler G.m.b.H-..
with tilea airframe erae strongly influenuud by flow field oronuniformi. Brenton (Weat Germany).
ties generated by thre airframe fnorbodV and wing. particularly AIRFRAME: ENGINE INTERACTION FOR IkNOIINE
at thre higher angles of attack or yaw whrich modern tactical CONFIGURATIONS MOUNTED ABOVE THE WING.
aircraft mre capable of. Corrparituns aire made of the Itrel ambient PART 2: ENGINE JET SIMULATION PROBLEMS IN WIND
Icapture platte) flow field, and pressure raucovety. steady state TUNNEL TESTS
and dynamic Inlet distortion at the simulated origin* compressor B Ewald /ir AGAMO Airframe/Propulsion interference Mar.
face for both integrated (rade mounrted and fuselage or wing- 1975 17 p refs (For availability see N715.23485, 15-021
shielded) and Isolated inlet aystemns to quantitatively assess the A test technique developed for the VFW.Fokker tow speed
airframe interference effects. For the enrgine exhaust nirtonis of wind tunnel Is prinseeted In this techrnique tire airframe model
closely lirtegrated propulsion sysatni/aitrfame configuratiorns. the Is mounted to the external mrechranical balance (wire nustpen-
Mrajor influence of the airframe flow field is associated with the *ion). The eingine pod is mounted aeparately oir a tail sting
alteration of tlre viscous and irivisuid exterinal flow in tire nozzle suepeirsion system. Dire to the desigir of this tall sting system
region, arid Ita effect on uxternal aftborly/noccle dreg. A detailld its airgle of attack axis of rotation coinrcides with the corresponding
discussion. suipportedt by experirrantal data, shows the effects sIII of the external balanrce So separate monrrrinrU of airframe
on alifiranre aftbody/riozzia tressure distributioirs and nozzle arrd engine with vary smnall gaps as possible. The air is fed to
iristalteit pofriinn~airo5 withr respect to twin jet litterferenco, wirng thre errglne pod with high pressure (iup, to 20 stmoaphersal This
flow, lII- raft tail/control surfecou, Intarfeilrrngs and free stream pressure Is decreased to the required nozzle exit pressure ratioflow cuorditionrs. Author by perforated plates very close to the nozzle exit. Coiibration

N75.310 Detsch Foaclung. grd Vrsuirsastat far exults of thit nrozzle arrangement are given. Typical test results
Luft. urrd Iaurnfetrrt, Porz (West Germany). (force measurements, wing pre3sure distribution) are presented
DETAILED EXPERIMENTAL AND THEORETICAL ANALYSIS for several engirre locationsa lovar-wing. err-wing, tinder-wing)LOF THE AERODYNAMIC INTERFEREINCE BETWEEN Ato
LIFTING JETS AND THE FUSELAGE AND WINO[.0 Schulz and G. Vishweger Ir AGARD Airfrsame/Propulsion N75-23513 Masse rach mitt - oailiow -Biohrin G.m b.H., Munich
Irrterfeiernce Mar. 1975 13 p rofe (For availability see N75.23485 (West Germany).
15-02) AERODYNAMIC ASPECTS AND OPTIMIBATION OF

An aircraft model of simple shape for pressure distribution THRUST REVERSIER SYSTEMS
measurements Is used, which allows thre variation of ail main Kurt Lartter end Wolfgang Kurz MnAGARD Airframe /Propulsion
geomietrical parameters, the lots reach Macfr number 1. Inrterferenrce Mar. 1975 22 p ref iFor availability see NIB-23485
Measurements of the velocity directionral flow field are added 15-021
The pressure distritbutions as wall as the flow directional field The present generation of commrercial aircraft and futureallow the physical lIrterpret ation of the several aerodynmamic effects, advanced military aircraft require thrust reversal for reduction ofBy Integration of the presaure field, tire forces sird nortorrets lending distances, especially for wet or icy runways Trhe various

uausad by lther leta are obtained. The Integration of the directional design and integration features for jet deflection are summarized,
fluid leads In the stream lines of thre complicated field of cross and the requirements and prroblemr areas discusesed under sptecial
blown lota. 1livrortical momentum considerations enrable the consideration of a target type reverser system. Thre Important
calculationl cf tire )4I patti anrd lead to trenscaloritatloir rules for enginea/airfranre interference problerrs and aerodynamic aspects
flow direoctional fields idownwastrt frorr orie dynamric pressure essociated with thrust reversal are considered. Pararrnetr~c
ratio to another Author lIrvestigation of thrust reverser geometry on efficiency, relirgeatloir
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structure hearing und longitudinal stability during ground roll in 8 Bannirkers. R Roos, frind R J Zwaan lir AGARU Specialists
preseonted Results are based onl art intensive wind tunnel tast Meeting onl Wing With-Stories Flutter Alir 1975 13 p rets
program using variouIs typos Of INCIIts models with cold and hot (Fur avaifiability tine N75 2801 1 11)-02)
lets. rintake suc~tionr and frxed arid moiving grounid simulation A mnithod for the calculatiorn of aerodynamic loads onl
Emphasis is given to the overall optlimrization of often conflictinig wing store configurationrs oscilluting in subsonic flow is presented

eireinlsfronm para nisiteatl like for examnple thrust reverse r In thirs mel hod lire liniearizedt equation for subsonriu c~omspressible
Pereformnirce arid taringesitiori Thu essential influence of appropriate flow is transformed rint two' auto of integral equratrions for the
thrust reverser operation arid lenrdinig techniqiues at or shortly steadly arid a tsuperrrimporsedl unsteady flow hlad Tire wirng loads
before bouch-down oir lanrdirng distanrce is shown Auithor Ore reprcitsoled by uirpole daitriirutiois (wirng thickness is

nreglected)l arid the store loads bly 6ource disitritniuorts biscrulitirrg
N75 -2801 1 # Adrvisrory Cormari for Aeurortipniri PRinuiirch unit thiese (list riliutalior rinto ilting lines arid soriree panrets Of Constanti

Devlomen Pnl Fiatr siarigth Iaionnrlts Into a set oif algriri arc equartioins Titiare are
SPECIALISTS MEETING ON WING WITH*STOIIES FLT si)IvIui fur Ifth oirkirawi dr-snthtriirrins tby forning thre flow to ire
TER leriguiriula it' tile sirtrursali oftle cuscillatirig wingsH arid bilouit in
Api 1975 134 p rats Partly iii FRENCH arid partly lii ENGLISH a set of control points The solutiori enabl~es tire calculatiori of

Presrrid a 39h Metin oftheStrict nd ate Paelpressure distributiorns cii the wings and stores and of general-
Munich. 6.12 Oct 1974 tied aerodynamic loefficients Calculated reslts111 are presented
IAGARD.CP. 1621 Avail NTIS HC S5.715 arid oompared with experimentis. Author

This conarrfserra proceedings conrsists of nine papers wVhich
deal with the dliffic-ult Problem of wing store flatite Tire latest N75.28010 National Aerospace Lab .Amsterdam lNevitelands)
state-of-the-art is sarineirei. Improved omethods for avoidinrg ANALYSIS OF MEASURED AERODYNAMIC LOADS ON AN
restrictive placarding antI oto rapidly and economically evaluating OSCILLATING WINO-STORE COMBIINATION IN SUBSONIC
the Many Possible stare combination% are presented, and FLOW
ptossibilifies tot ottl1imling the design procedure Witli regaid to L Flenirle lit AC3AI111 Speclallats Meeting onl Wing -With- Stores
wing/store corrttbinations fire discussed For individual titles, see Flutter Apr 1975 1¶ 1)i refs (For availability see N75-28011I
N75-28012 through N76-29020 19-021

An analysis is. given of aerodynramic loads measured with
N75.28012 Royal Aircraft Establishment.it Fwrrborougir Englairdi art oscillating witnd tunnel model representinig a witng with a tip
8tructures Dept tank and a remoayble pylion with store. Attention is paIid to the
CALC~ULATION METHODS FOR THE FLUTTER OF A14t. interfesrenca effects on the wing load and to the pylon store
CRAFT WINGS AND EXTERNAL STORES load in low and high subsonric flow. Author
T Nil~tett arid J C A Baldook hit AtIAR Specialists Meeting
oil Wing-With. Stores Flutter Apr 1975 7 p rats Warovt vilability N76-280117 Measerrachmitt-Goelkow 0m~b H.. Oitobrunn (West
see N75-2801 1 19-021Gemn)

Theoretical work at RAE on the wing-with-vttares problem WIGer WITHSOESFUTEyNVAIBE.W
lis reortied which was lii the fields of structuril iup rosenfrtatiorr. WING AIRCRAFT
the solution of the flutite equations arid the prediction of flutter 0. Sarreburg, A. Lottor, and 9 Heidi In AGARD Specialists
characteristics from structural properties. The subjects covelredl Meeting on Wing-With -States Flutter Jull. 1946 t9 p refs
are! I1l a comparison of the normal modes calculated for a
wing-wlfh-Btores from asome of the normal modes of the bare (For availabilitfy see N75-28011I 111102)
wing And dirsorete-load modes with those calculated from the Wing mounted stores with varying mass arid ineortia are

fullfleibiityrporo, 2) he asi ofa coputr Pogrm wichdiscussed in conjunction with variable wing geometry for fighter
traces the lcofconstant flutter speeds when two structuralaicftMofedbnhmdsehiqswreudtoban
tuearre~ters vary; and (3) the Interpretation of the locr of consant the frea~uencios and mordeshepols of the Coupled sysatini It is

fluter pes In erm ofmodl aiape an ftr~ruricee ithshown that only free dynamically scaled total aircraft models
futher ob eedt of asesmsn the roosd rial s lap rs andfrqtncinstwith live good correlation wthen turning effects occur. F.O.S1:1Author N76-28018 Astitalia, Turin (Ilielyl.A FARAMETRIC STUDY OF WINO STORE FLUTTER
N75.200'3 Britlaim Alicraht Corp.. Wartori lEngland). I.. Chaste /it AGARD Specialists Meeting air Wing-Witr. Stores

UK JAGUAR EXTERNAL STORE FLUTTER CLEARANCE Flutter Apr. 1975 12 p isis Fort availabrility see N75-2801 1
C. G. Lodge and M. Ormerad Ir AGAPID Specialists Meetirng 19-02)

K I on Wlng.With. Stores Flutter Apr. 1976 24 p FPor availability Tire inifluence ot ttifferenrt Iratanretars on the flutter of wings
*see N75.28011l 19.021 witl stores wasl aiturdied i iiitersc thrin 3000 wind tunnel

The flutter clearatnce of UJ K Jaguar usinlg a comrbiniationi of contirlniurut rorir Thu Inirtiarniititt at udtirticrri Incud store irises. storeo
miathemnatical miodeltinig. riroitaid resonanice afil fligirt testring r iirltiu of iris tu, . storre c il ,ryloni pitch striifirirs artid Wing sweepJ
leaidingl ultimistely it)r clasrairca if a ivirts range ot undate winrg oliiliri ttasiittr Irnircuto i1 ll rtuir is Indtucedt my tire Coupling oft
litores Surrio i tooliLive nirrars lii mtodal mtodesllring lecinriquoiuts ire t11 Winivg funds liii,, it hlIrnidiir andt thIr store pitch modes (21
ouitlined Ttrose shIold 11rr111311 reIdclIrcirnir III fintriri gronniid aric Iollter SPIlsrn dectnases witir increasing stors radtius of rit itii
tlight tastinli norteis to tuIad ill rrat uhrItir tn fisnirisircy of tile aButo Pilcht irinui is higiher theintie

nrf thei fuitiiiniametal unditttii 13) For all sweet, anigles. ttru frnrwarut
N75-280 14 0 tiiior Noitioinaill inuo.,lay t nlrift Fuchiurctrtru c.1. sttittiitj lrrrduicrs i sigt rrrdninirticrir of ttia irnirirrinirn flutter
Aursrasistlars. Paris lyi~rircir slFll t0 S
FLUTTER OF WINGS EQUIPPED WITHI LARGE ENGINES
IN POD N75-28019 Grummnrirt Aosrtacl Corp.. tttilrthagiu. NY
Rt. nustriyidut lIt AGARD Spaciaisirvr Meetir oil Wing lWilli RECENT OBSUERVATIONS ON EXTERNAL-STORE FLUT-
S~torets Flutter Apr 1976 f12 It ruts lit FRIENCHt. ENGLISH TER
suinriter I fir asiailabilirty squr N75.2801 1 t19-02) Eugeuno F Baird srill Willis iii B Clark lit AGA I-t Specialists

Caleculatic it;s aun ir(imesuritements ofunlorrstody atirotyrnisrirc Mrrshiirt orr Wrinig \ttittiStoruli Fltiter Alir 1975 8 p) rnsr
toicos perforimed in subsonic; tlow nit ii irroditr equiiipped witti ar (For avarilsability see N75-28011l 19-021
unglna iii podl showed ttrat the i ritereoronrirce twirur urrilirir arid Thue Irrotreir of winir flutter Wilit fxtotrral stares isI citi.
wingt remrainrs irettlitibie It was also shown that tin4 aerodynamiric COirseitit iitin ris it ofifuttei proevartloir wiriri rleisii irnt airraft
forces indrutcedt on tire enginer it sulf fry its owl, oucilitetroi ate General guidetlineus foir thu oprtrrimu tiiier igurniatit of ixtolria Iuito, a
Imprriitant antI glive at tagiritcart conitribuitioni to Iltia gerrierrializd ofr wingn rer given. end tire mirssion - aitrihin iqinrtriirrrarts for it
for irs Acncorntr was lakeril of tirans two ratirerkl arid Ilira raw aircraft Ore G01rsidarid Oilier topics d110oiscussd r11imCinits JIylOIrs.
aurortyireirrrc fnircoun. Wriii caiirlitoter suiataitilly [)ii thau niai~rlti ftiotiti itirodlr tinitii grorundr vilniatriri tints. atruid figlit-tii ttt r
whinch wtis oaiisi rilatet to t thin iiWaitedt ret irniar With% ninirtirit tirsti I 0S
arid untiurrnil flowv lit till axial utirictrori Air a plriiiiahtioo it a
fNittar casti alhows tiri ilriruortalrco of thu conittribiutioni of tlei N75-20020 Air Puica Flighrt Dyniamricsi Lxi. Wrigirt.Pattursori
force.% oir the etigrri A gloodi rilirirenutlit wis Obtintiredi Intwouil APB. Ohio
theory arrit iipirranirriirr t Marir rirrirrrr MNI 080 Author RECENT ANALYSIS METHODS FORl WING-STORE FLUT-

TE R
NS 7620015 Nationral Aufsirrratiio Laor). Aiitordatnrtur I Nethrui auth, W alter J My kyto /Win AG A IlI Silruc ijiitise Mertitgitill
CAL*CULATION OF AERODYNAMIC LOADS ON OSCILLAT- W11ii11tWitii.Stortis Fltter Alit 197S 5 praiIFnauialt
ING WING/STORE COMBINATIONS IN SUBSONIC FLOW bee N7t.28301 t 19.02) 61 ut Fr9alb1t
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A summary of a briar review for some of the literature on Attention is diawri to the tincipie whereby the earolynom-
the practical aspects of wirgs5toro flutter prediction end ic torcusnon a miodel in windl lii,,i -at fifadtermineind by meaasuring
prevenrtion Brief comments are gtiveri on fhe advantages anti the reacliior, to thorn Tfim Limiuission is basred upon a division
diriadvantuges of various aspects of analytical arind test proe-e of such reactions into two linsic ceasses. depending an the
durns Descriptions of improved anarlyticatl piocedrines developed reutrerritu imposed. V !c ireit) restreairts enist. fhn muodef flieis
for fha United Stitfes Air Force is tfhen given Two methods rat freely rind tfre forces iwy bu inferred fromn the accaeleafions. '
described in sonie detail and the rasults of the invastigators are eitiffea mreasuredt directfy or deirvud fromn ditspfactrniont v ftrire

outfinarl One irs a rapid spaciel prurporse wrrrg-stora flutter ''rfvsis (ifin Wfier tine rmodel it; qupported, thei forces are deoterminert
lnrofrarri called FACES It bus data storrrgn amil ratrieval cults. -iris trorn Innseurirnniont of ilie rrfnifihnrical %trai4 iisrnducred in)
whirch together with a diagnostic and itrterp~olaitriri/ xtir rolatioci sii itably de sig neid ip poits Hybvi ii rchnirlira. whirei thenise
bsyteirn can tie couple(] to a cathode e to tube to inicruaeso 0e ascuii d rind re alsrr intlisslid Adiet ailuir iiscrissiori (f t rarri.rica,

menmacin inerctin ad edue eciio ties heothr onsgelermenrts and their irncorporaItiori into irresurirrg sv,,rnirrr
artalysis iriethoi dfnscribed is based on tire pe~rturbatrtiorn aprproacfh. is giveir Some ptarticila r rryst iFTS oire also rdescribed Forind irividiual

r5Computatior timeF. car be induced 90% by utring tfrn previously titles, sees N76-116020 tirrough N76-1ti022
nvailnbfe data. The method VroduLtS good results when the manss
or itiffness changes era small so thief in torn, el-lonvelue arid

elfisnvetrtor changes arn snmail. A gruph of flutter speed versun N76-16020 Advisory Group foii Aerospace rinnunaich anti
import-3rnt pa'srrreters cart be produced tit one minute on a modenrn Development, Parts lFrance) .
uCinPUter. Author SOME FUNDAMENTAL PRINCIPLES

fit its Force Mean in Short Durat inn Hyparorrcict Facilities Nov
1975 It750 (For availability too N76-10019 07 02)

The motion produced by the action of forces cii a system
N1176*3O11OU#l Advisory Group for Aerospace Researcih and is described by the equations of Motiorn for the system. these
Development. Par[, (France). equaetions are formulated rising the Niewtoniani arid Legrangies .
VORTEX WAKES OF CONVENTIONAL AIRCRAFT approacfres Topics discussed inirhrie aerodyniamic date fronm thre
Coleman duP. Donaldson (Astron, Res. Assoc of Princeton. Inc, analysis of unteatreirred motion. aerodyisnamic date front measure0
N. J.). Alan J. Silanin (Aaron flea. Assoct, of Prnirceton. Inc , ments of tine reactioni iii supiports, hnybridi tecliriques. aerodyniamnic
N. J I. and R. H. Korkegl. ad (ARL) May 1976 85 p ruef characteristics. aeroidynamric forcers arid mormrnts. arid dolpress
iAGAFD-iG4kOut Avail: NTIS HC $4 75 of freedom. M J.S

lire present st.ia of knowledlge of vurtex wakes of convan-
tionaf sircray is presented. Topics discussed include roill-ip of
trailed vorticity. aircraft wake geometry, sinusodidal instability and N476. 160211 Advisory G room for Aerospace Researcfn end
vortex breakdown, aging of vortices, pareiatance of vctrticen in Developmernt, Paris (Frantce)
the atmosphere. end aircraft design tetihrticues to mirnimize wake FORCE BALANCE TECHNIQUES i
hazard Author In Its Force Mites. in Short Duration Hypersonic Fecilioras Nov

1975 in S2.104 (For avalabllity see N76- 1801 El 07.-02)
Tfne design of a force bale-cat for transiernt rrreaaotrninerte

taken into account both its static antd its dyIrarnic perfoirnance
N75-32014# Advisory Group for Aerospace Research and Thre properties aer reviewetd of those solird state marterials which
Development, Paris (France). aire useful en eiectromecfhanical transducers in force balances
RECOMMENDED PROCEO~UREG FOR PROCESSINGa having asufficiently goot hlIgh-freciuency performance of use is
ACOELErATION DATA OBTAINED BY AIRCRAFT DURING short duriaticni hypersonic; wind tunnels Other topics discussed4

ATMOPHEIO URBLENE ECOUTERInclude general aspects of force-balancs design. eiectrical systems
John C. Sloriboif (Aearn. Rea. Assoc. of Princeton, inc. N. J.) for signal genierationi end processling, data recording, andi
djI. 1 975 16 p refs calibration techniques. M.J S
(AGARD.R-63h1 Avail: NTIS HC S3.25

Recomme nidatioins cer giveir for processing vertical acooteras M76.16022 Advisory Group for Aerospace Rtesearc n drsr
flioe data obtained during turbulence encounter of aircraft it; Desreinoinent Pairs IFrancelservice operation to a~tein useful structural design mnformration FREE/FLIGHT TF.CHNIOUES
recomrmended. A key point in the recommendations is that .ii 1975 1n 104.214 refs (For availablity soc N76.tI3OIQ 07-02)
data pro~cssing be dnon on a consistent basis. Charts and steps Methnods are discussed for acquiring force data based on
for atas reduction are presented to achieve this goal. Author studies of the motiorn of nmodenis 'flying* tinder laboratory conditiorn.

Tfra model presented in potentially free of all extrarreous influences i
N76-3201 Still Advisori Group tiot Aerospace Research and frorn supports. anti promeutrir boundary layer separation anti
Development. Paris (Francie). inacrcurate repreentarltiorn of tfro base regiorn urn avoided in addlitiorn
MATHEMATICAL MODELING AND RCSPONSIE EVALUA- to those problems arising fromr vibrirtion of the siiproitstir Te
TION FOR THE FLUCTUATING PRESSURES OP AIRCRAFT design rind MenUfa~tNfir Of Models. rmodel spensninrorn. enrinching
BUFFETING ofIc .arid cnipture systemis. position orid attitude as a funrctioin of tinme.
John C. Houbolt (Acto.Res, sc.o rnctn n.N . velocity mnooiirninunts, ainr anctilnatuiri irneasrreaiirrinrts eiir amso
jul. 1075 14 p discussed M J.6
IAGARO.B.5301 A%4iI: rNrS HC $3.26

Thne mathemrratical ! )odoling used to describe the pressureI
fluctuations in various turbulent flow problems Is reviewed: N78.17030# Advisory Group for Aerospace Hesearori and
attention itt focurrd mainly on statistical desecriptiont. such as Development. Paris (France).
aer Involved In pcower spectral apprirheciei. These models were FLOW SEPARATION
used an6 building bkualka to synthesize a mathemnaticohl model Nov. 1975 584 p refs In ENG LISH: partly Iii FIIE NCH Presaintad
describing the iurbulent r'rosaure fluctuations during buffeting of at the Fluid Dyn. Panel Symp., Gcottinijan, Germany, 27.30 May
en airplane wing. Means lot evaluatinq lthe dyrartie response of 1976 Original contains color illustrations

the structure due to 'nc buffeting forcas were developed. An (AGARD.CP-10881 Avail: NTIS HC0 $13.1i5
example trai.tment shows that the dynamic response may be Two dimensional and three dimensiornal laminar end turbulenti
en appreciable por~ont of an associiated reference static deflection, separation phenomena in subsonic transonic. and supersornic fiows
hiside to check on the validity of the equations, and to tustablish N7f8 1 7070

thei paameers AuhorN76-17031 Deutsche Fursnlengts- usci Vsrsuchssnstait firer
Loft- rnind Ruumfahri. Goettingen (West Gerrmany)

NIG,-.16019N Advisory Group tor Aerospalce Reteatch and AN ACCOUNT OF THE SCIENTIFIC LIFE OF LUDWIG
Development. Paris (Frarnce) PRANDT'L
FO3RCE MEASUREMENTS IN SHORT DURATION HYPER. H Scfnlcfriog /ri AGARiD Flow Separationr Nov. 1075 32 om

SONIC FACILITIES refs (For availiability see N75.-17030 08-02)
Leonard Birristetin ICuetio Mary Coil I and R C Painkfiirril. ad After air irntroduictiorn on Pranditis profensional career theI
Nov 1975 224 p) reifs foilowinig are dealt with in Part 1. Boundary layer theory. wiric
IAGAID-AG-2 14. AGARDograpir2 141 Avrail NTIS HtC $7 75 theory at subsonic and supersonic speeds. theory of stability of
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laminar low Furthenriruo. ir this seclion the following problema In AGARD Flow Separation Nov 1975 15 p refA (For
are tcuchert on briefly Fully developed turbulent flow with availability see N78.17030 08.02)
application to boundary layers, pipe flow and meteorology. (Grant NSF GK-35514)
Prandtris cintrtibruions to ifiveloirment of wird tunnel techliques Several approximate mathematical models have been analyzed
are also montrone(rt III Prt II some icirrarks dre made cu the for studying laminar separation for incompressible flow. for which
large number of ditcloal theses which have been supervised by the Navler.Stokes equations comprise an exa.L mathematical
Prindttl Author model. Two model flow configurations have been used The first

cnnfiguration considered consists of the flow in the boundary
N76,17032 Offc:o Natiornl l Ituden et di Fler'herches layer on a two dimensional semn.Infinite slab with a vertical
Aerospatiales. P•,rs (France) leading face and shoulders, with varying degree of bluntness.
LAMINAR SEPARATION AT A TRAILING EDGE forming an external corner on the body The second flow
Joan. Pierro Guiirtid rann Roroe Scthiitt lip AGARD Flow configuration represents a class of two dimensional bodios with
Srtaruaton Nov 1975 51) rolf (For vailtdityani v.i N70 17030 an Internal corner and a more pronounced separation region.
08-02) this configuration in used for only one approximate model so

A model of incipient separation is provided for the trailing far, Results obtained with the various approximate models are
edge of a thir wing in incompressible very high Reynolds number evaluated by comparison with the corresponding Navler-Stokes
flow The modal of separated flow, with a (small) recircuietlon solutions. All the models considered lead to improved resultm as
tone. of stroamwrn e length, is consistent with a matched the Reynolds number Is increased. Author
auymptotic expansion scheme of solution of the Navier-Stokes
aquations In the vicinity of thu trailing edge. The structure of N76-17036 Queen Mary Coil.. London (England).
tire flow involves u triple deck (,f Sytchev's type very close to NUMERICAL INVESTIGATION OF REGULAR LAMINAR
Reparation. embedded in another triple deck. of Stewartsons' BOUNDARY LAYER SEPARATION
tyoe, which is relevant to the overall separated flow. Ignoring H. P. Horton In AGARD Flow Separation Nov 1975 12 p
angle of attack effects, the flow depends on two constants the refs (For availability see N76.17030 08-02)
value of vorficlty in the recirculation tone and the precise position An accurate numerical procedure of the differential difference
of separation. which is known already as far xv order of magnitude type for the solution of the Incompressible laminar boundary
is co'hcernedr Author layer equations is presented. The procedure is applicable to both

direct problems, in which the pressure distribution is prescribed,N76-17033 Michigan Urnv.. Ann Arbor. Dept of Aerospace and inverse probleins of the type in which the wall shear is

Engineering A prescribed. Some examples computed by this procedure show
LAMINAR SEPARATION: A LOCAL ASYMPTOTIC FLOW that, by prescribing the wall shear to be regular In the vicinity
DESCRIPTION FOR CONSTANT PRESSURE DOWN- of separation, the usual singularity at separation Is avoided.
STREAM Results are also presented in which downstream marching with
A. F. Messiter In AGARD Flow Separation Nov. 1975 10 p prescribed wall shear has been continued to considerable distances
refs (For availability sae N76.1 7030 08.021 beyond separation. including an example in which both regular
(Contract DAHC04-68.C-0033) separation and rtoattachment occur, In other cases no solution

A theoretical model is proposed for the description of two to the Inverse problem can be found beyond a short distance
dimensional, steady. incompressilble, laminar boundary layer flow after aeparation, but by smnoothly Joining a prescribed pressure

snear a separation point. It Is assumed thalt the pressure Just distribution to that calculated in the inverse problem upatream.
downstream of separation Is approximately conatant, and It hat been found possible to continue the computation as a
asymptotic solutions are then sought for large Reynolds number direct problem. Questions of stability and uniquene•s of the
and emall distance. The first two tatino of the complex perturbation solution, are discussed. Author
velocity in the external flow are shown to Imply a pressure
gradient upstream which is generally favorable, and adverse only
for a short distance This representation is no longer valid in a N7g.1703n Cincinnati Univ.. Ohio. Dept. of Aerospace
small neighborhood of the separation point where an Interaction Engineering.
of the boundary layer with the external flow must be taken Into FINITE DIFFERENCE SOLUTIONS FOR SUPERSONIC
account. Solutions are obtainrd for the boundary layer liut SEPARATED FLOWS

upstream and, with an addilional assumption. for the region of M. J. Waert, A. Polak, V. N, Vatae, and S. D Bertke In AGARD
backflow lust downstream of this region. A brief review itnd Flow Separation Nov. 1975 12 p refs (For availability see
extension sre also given for an asymptotic model of the complete N7S-17030 08-02)
wake behind a circular cylinder with the assumption of nonzero (Contracts F33BIB-73.C.4014: N00019-73.C-0223:
drag it infinite leynolds nurier. Author N60921-74.C-0203)drg tLaminar and turbulent separation bubbles are addressed for
"7nea wide runge of geometries using asn implicit finite difference
SN76-17034 Fuith Univ.. B~houln (West Germany) technique to solve the interacting boundary layer equations
DEPENDENCE OF LAMINAR SEPARATION ON HIGHER Solutions are presented for laminar compression romps at
ORDER BOUNDARY LAYER EFFECTS DUE TO TRANS- M - 4 and S. wall temperature ranges of 0.2 to 1.0 and angles
VERSE CURI'ATURE, DISPLACEMENT, VELOCITY SLIP of sweep (yaw) relative to the mainstream of up to 60 dog. ire
AND TEMPE IATURE JUMP addition, solutions for laminar flow over wavy walls with multiple
A Wehrum In AGARD Flow Separation Nov 1975 12 p3 separation bubbles are given here for M 3 Application of
totro iFoi availability see N76- 17030 08-02) the approach to turbulent separatord flows ahead of a Compression

The ltrimir coinpressible higher order boundary layer along ranip at M ý 3 Is also considered. Author
a cliculer cylinder in an axial parallel supersonic flow Is studied
according to the method of matched asymptotic expnanions A
weak constant mass flow is injected into the boundary layer NIG-17038 Centre National de Ia Recherche Scientifique.
through the surfaco of the cylinder. As a consequence of the Meudon (France). Lab. d'Aarothermique.
homogeneous mass Injeotion the first order boundary layer solurtion SEPARATION BUSBLE PRODUCED BY A SHALLOW
already leads to separation of the boundary layer within a finite DEPRESSION IN A WALL UNDER LAMINAR SUPERSONIC
distance from the leading edge. In a second order theory the FLOW CONDITIONS [BULBE DE DECOLLEMENT PRODUIT
Influenceof higher order boundary layer effects. such as transverse PAR UNE FAISLE DEPRESSION DE PAROI IN ECOULE-
curvature. displacement. velocity slip and temperature jump. on MENT LAMINAIRE SUPERSONIOUE]
the wall shear stress and the location of the separation point Is P. Prunst-Foch, F. Legay-Deosequelles, and G. B. Dlep In AGARD
"studied. As numerical iosults show, transverse curvature and Flow Separation Nov. 1976 9 p refs In FRENCH; ENGLISH
low density effects due to velocity slip and temperature jump at siummary (For availability sea N76-17030 08-02)
the wall increase the wall shear stress and therefore lead to a In supersonic flow, a shallow defurmation on a fliat plato
downstream shifting of the separation point Displacement effect induces a small separated bubble in the boundary layer. in order
increases the wall shear sa•rrss near the leading edge. Author to predict this laminar separation and reattachment process

including heat transfer phenomena at the wall, a theoretlual study
was built up, using Dorodnitsyr. integrals method as well as

N7S.17035 Cincinnati Univ., Ohio. expreesions suggested by Nielsen for the velocity and temperature
EVALUATION OF SEVERAL APPROXIMATE MODELS FOR profiles. Thereby the oalculation can be carried out up to the
LAMINAR INCOMPRESSIBLE SEPARATION BY (,OMPAR. reattachment point. Simultaneously experiments ware made In a
SlON WITH COMPLETE NAVIER-STOKES SOLUTIONS wind tunnel. Experimental and predicted results are In good

K. N Ghis, U Ghla and W. A. Teach (GE. Co.. Evendale. Ohio) agreentant. Aulhor
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N76.17039 Ohio State Univ. Columbus. Dept. of Aeronauti,,al differences indicate where inprovements to the method -nay be
Engineering iiade With certain important provisos the nlethods of Stratford
ASYMPTOTIC THEORY OF SEPARATION AND REATTACH- and Townsend for predicting the separation position are shownMENT OF A LAMINAR BOUNDARY IAYER ON A COM- to he fairty rliable Author
PREISION RAMP
Odus R Burarsf In AGARD Flow Separation Nov. 1075 N76.17043 Southern Methodist Univ. Dallas. Tax Dept of
9 p refs (For availability see N76-17030 08-02) Civil end Mechanical Engineenng
(Contract NOOt14-07.A-0232.0Ot4) CHARACTERISTICS OF A SEPARATING INCOMPRESSIBLE

Lamrinr boundary layer separation and reettachment is here TURBULENT BOUNDARY LAYERronnhdered for adiabatic 'low over a compression ramp with Roger L. Simpson In AGARD Flow Separation Nov 1975
supersonic mainstream For large ramp angle. calculations based 14 p refs (For availability see N76 17030 08-02)
on the Stewartsonn-Wiltinhrs triple deck theory show that the (Girarts DA-ARO(DI-3t.124.72.G31. DAHCO4-74-G-0024.
regions of separattio and reattachment become distinct, with DAHCO4.75.G.OO5l)
air intervening (plateaai) region of nearly constant pressure. Tthe Laoser and lhot fitrlr rineinonirtet ritarna rnnrenrrs upstrearrr and
reathematiciil description of ouch of thoso distinct regions is duownrtresarr of tire separution zone are presented for a rnrrrinally
given. and simple formulas derived for a number of quantities two dimensional incompressible turbulent boundary lever for an
of Interest, including the plateau pressure, conditions at separation airfoil type flow The directionally sensitive laser anemometer
and reattachment. and the geometry of the separated region measurements Indicate that the location of intermittent %speration
Detailed comparisons of the theoretical results with available as defined by Sandborn is the proper location of where the
experimental data show favorable agreement. Author flow first deflects from the wall to relieve the Imposed pressure

gradient. Upstream of separation the correlations of Perry and
Schofield for mear velocity profiles ale supported within the

N70-17040 Technitche Hogesohool, Delft (Netherlands) uncertainty of the date. The separated flow field shows some
ON THE CALCULATION OF LAMINAR SEPARATION profile similarity for all messured quantities. The normal stress
BUBBLES IN TWO-DIMENSIONAL INCOMPRESSIBLE terms in the momentum and turbulence energy equations are
FLOW shown to be Important near separation and cannot be neglected
J. L. Vnlrngen In AGARD Flow Separation Nov 1975 18 p for the close prediction of the separation location. Author
refs (For availability see N76.17030 08.02)

A new laminar boundary layer calculation method is presented N76.17044 McGill Univ.. Montreal (Quebec). Dept. of
which combines the simplicity of Thwaites' method for the Mechanical Engineering.
prediction of the momentum loss thickness with the accuracy THE PREVENTION OF SEPARATION *Y BLOWING IN
of Streltord's two layer method for the prediction of the TWO.PREVNTION OWTWO-DIMENSIONAL FLOW
position of laminar separation. Calculated boundary layer B. G. Newman and H. P. A. H. Irwin (Nati Res Council of
characteristics for arbitrarily prescribed pressure distributions In Flow Separation Nov 1976 13 p rtef
general show a singular behavior at separation. It is shown that Can.) in AGARD Flow ep0t0 08702)e ril sparaingflo tens t adjst tsef inmuc s wy tat(For availability &a# N78-17030 08.02)
a real separating flow tends to adjust itself in such a way that Two methods have been developed for calculating the jet
the resulting pressure distribution prevents singular behavior of momentum required to prevent the separation of the two
the boundary layer An earlier method for the prediction of dimensional incompressible turbulent boundary layer in adversetransition In attached boundary layers, based on linear stability pressure gradients The first was a strip Integral method tor
theory, Is extended to the case of separated flows. Two methods p sture the h irst at e ltr beingrased airplans well,- the sheew stries at each limit being bosed on
era discusted which might be used to predict whether reettach- measurements in self preserving wall Jets. The second is an
ment of the turbulent shear layer will oocur. Finallk, some results extension of dlfferential methods which uses four modal equations
are discussed of wind tunnel experiments on the FX 66.S-196-V1 for the individual Reynolds stresses end one equation for the
Wortmann airfoil. and on a circular oylindsr with a tapered thlo rate of turbulence dissipation. In general, the differential method

Author iis more accurate particularly when the outer wake is large

N76-17041 Office National d'Eludes at do 16cherches However, as used, this method ruquired more input date and
was about three times more expensive to run. The integral inmthodAerospatiales. Paris (France). Is therefore still useful and Is not limited to low curvature.

TURBULENT SEPARATION IN TWO-DIMENSIONAL FLOW Aure.
(DECOLLEMENT TURBULENT EN ECOULEMENT BIDIMEN- Author

SIONNELi
Maurice Sireix hI AGARD Flow Separation Nov. 1975 27 p
refs In FRENCH; ENGLISH summery (For availability see N amics Reean it.
N76.17030 08-02) Aerodynamics Research Unit.

The general features of separated turbulent flow regions are THE ANALYSIS OF FLOW FIELDf WITH SEPARATION BY
defined and in particular a dilcussion is made on the physical NUMERICAL MATCHINGG. W. Brune, P E. Rubbert, and C K. Forester /It AGAR0
reality of strictly two dimnseional turbulent flown. The three F . 17 B P rand Fo r Il a

funametalproleis hic ocurIn liadetild epermenalFlow Separation Nov. 1975 8 P refs (For availability seefunidamenrtal problerri which occur in thre detailed eaperimental N76. 17030 08.02)

unalysls of a separated cone i.e. separation, reattachment arid (1N7 r17 t 08 -02)
coupling, are considered successively and the main factors of iContract F336-73.C.3037i

A computing method It reported for flow fields characterizedinfluence which rule these phenomena according to tre subsonic- by the presence of viscous, separated regions Interactinq stronglytirnsonic-supersonic nature of the flow are presented. Lostly, arapid review of tcu e methods of prediction currently ivailable is with a suriounding inv(scid flow. The procedure il tu divide the
made. Author flow field into several regions. each dominated by a partilculer

type of fluid physics. and to analyze each region by using the

numerical solution technique that is oomputationally optimum
N78-17042 Queen Mary Coll. London lEngland] for the dominant type of flow. The paper specifically addresses
MEASUREMENTS IN SEPARATING TWO DIMENSIONAL the problem of matching a numerical solution at the Navier-Stokes
TURBULENT BOUNDARY LAYERS equations for a region containing aseprated flow with another
J Chu and A. 0. Young In AGARD Flow Separation Nov. numerical solution appropriate for en adjacent region of Inviscid
1975 12 p refs Sponsored by Min of Detence (For availability flow A key feature of the method presented is the placement

see N76.17030 086021 of the matching boundary in space occupied by purely Invisld
Two different types ot pressure distribution resulting in flow and remote from local reas of estrong viscous/Inviscid

separation were induced in the flow over a flat plate zero incidence. interactio•rs. A detailed study and numerical substantiation of

Measurements were irade of velocity distributiorA. skin friction, the method are presented for axisylvrmetric flow over an ellipsold
turbulennca components aird shear stress distributions at various of revolution with laminrrr separation. Author
stations both prior to and Just after separation, rThe results have
bean compared with the predictions of various theorios. Uf these N76-17046 Office National d'Etudes at de FRecherches
only those of Bradshaw and of Kuhn and Nielson showed good Aerospatialee. Paris (France).
agreement for integral quantities with the measurements right EXPERIMENTAL AND THEORETICAL INVESTIGATIONS OF
up to the separation point. the predictiona of the remaining TWO-DIMENSIONAL REATTACHMENT IN TURBULENTmethods tended to depart tactically from the measurements some INCOMPREBIIBL! FLOW [ETUDE EXPERIMENTALE ETlittle distance ahead of separation. Significant differences were THEORIOUE DU RECOLLEMENT BIDIMENBIONNEL

found, however, between tIre measured shear stress distributions TURBULENT INCOMPRESSIBLE]
near separation and tire predictions of Bradahlw's method, these Jean-Claude LeBalleur and Jean Miranda fIn AGARD Flow
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Separation Nov 1975 13 p refa In FRENCH, ENGLISH The separation of a turbulent boundary layer is studied that 1
summary (For availability see N76-17030 06-02) developed on nozzle wells induced by a compresaion corner at

Turbulent reattaching flow downstream of a backward facing Mach numbers of 3.5 end 5.4 over a range of Reynolds
step has been experimented using a two dimensional plan, numbers baiud on boundary laver thicknese of 100.000 to 1
incompressible configuration. with possibility to induce favorable million Careful application of liquid line and schlitren flow
or adverse pressure gradients In the potential flow near visualization techniques were used to detect separated length
rsattachmant. A whole calculation hat been performed by down to one tenth of boundary layer thickneas In this way
obtaining calf induced interaction in matching a wall dissipative separation was detected at lower flap angles than has been
layer with an invisoid and irrotational external flow. Except for previously found at those conditions The related finding of low
weak viscous interaction regions, an inverse calculation process incipient separation angle implies that flow reversal may occur
is used to avoid singularities following the Klhnurberg;' method initially only in the ilminar subltyer. and this in confirmed by
for transonli serofoils. Wall pressure distribution thin rv•;ults of applying simple laminar correlations to thl.. laver This measured
an integral boundary layer calculation. wiroa failure for 4trongly value of alpha sub i is found to be little dependent on Mach
separated regions is easlly overcomeni hb, sublitrtutlon of an empirical number and it is concluded that the large dependence of alpha
piessure law Author nub i on thlin parameter found earlier Is explained by each

experiment detecting a different degree of onset of separation.
N7S-17047 Virginia Polytechnic Inst. and State Univ.. Biacksburg. The measured variation of alpha sub I with Reynolds number

Dept. of Aerospace and Oasen Engineering, appears to follow the trend of development of the woke component
THREE DIMENSIONAL DISTURBANCES IN REATTACHINO in the undisturbed boundary layer. Author

SEPARATED FLOWS
G. R. Inger In AGARD Flow Separation Nov 1976 12 p N76-170511 National Aeronautics and Space Administration.
refs (For availability see N78.t7030 08,02) Ames Research Center, Moffett Field, Calif.

Two possible causes of the pronounced periodic spanwise ON THE CALCULATION OF SUPERSONIC SEPARATING
disturbances that have been observed in nominally two dimen. AND REATTACHING FLOWS

Ilonal or asi-symmetrlc reattaching laminar and turbulent John D. Murphy, Leroy L. Presley, end William C. Rose In
separated flows are studied theoretically. Approximate analytical AGARD Flow Separation Nov. 1975 12 p rfate For availability
compressible small disturbance flow models for both a local sea N76,17030 08.02)
vortex Instability mechanism and the effect of a row of incoming CSCL 01A
struarnwise vortices ire set up. solved and compared with available A method is developed for solving the laminar and turbulent
experimental data on surface disturbance pattern, pressure and compressible boundary layer equations for separating and
heat transfer. The results on all counts confirm the predictions teattaching flows. Results of this method are compared with
of the vortex instability model, It Is also shown that Reynolds experimental data for two laminar and three turbulent layer. shock
analogy does not apply to the disturbance skin friction and heat wave Interactions. Several Naoier-Stokes solutions are obtained
transfer. Author for each of the lamninar boundary layer, shock wave Interactions

considered. Comparison of these solutions indicates a first order

N .S-17049 Naval Surface Weapons Center. White Oak, Md. sensitivity in C sub f to the computational meash eIected in

AN EXPERIMENTAL INVESTIGATION OF THE COM. both tire viscous and Inviscid portions of the flow. Comparison

PRESSIL.E TURBULENT BOUNDARY LAYER SEPARATION of the present boundary layer solutions with the Navier-Stokes
INDUCED NY A CONTINUOUS FLOW COMPRESSION solutions and with data for a given Mach number indicates that
Robert L. P. Volsinat In AGARD Flow Separation Nov. 1975 as long as the separation bubble Ia small, the boundary liyer
11 p refs lFor availability nee N78-17030 08-02) approximation yields solutions whose accuracy Is comparable to

Flow field measurement, of a compressible turbulent boundary the Navler.Stoltas solutions. Author
layer on no~zle wall separation are presented. A continuous
compression of the nozzle flow was Imposed on the thick nozzle N76.17052 Aerospace Research Labs. Wright-Patterson AFB.
wall boundary layer to produce a streamwlse pressure rise of Ohio.
sufficient strength to cause separation. rho effects of Reynolds SUPERSONIC TURBULENT SEPARATED FLOWS UTILIZING
riumber on thq separation phenomena are presented. For Ra•nolds THE NAVIER.STOKES EQUATION
numbers below 8. x 100,000 the separation length was found J. S. Shang and W. L. Hankey. Jr. In AGARD Flow Separation
to increase with increasing Reynolds number, whereas for Nov. 1976 13 p reft (For availability see N76-17030 08.021
Reynolds numbers above 8. X 100.000 the reverse trend was A modified eddy viscosity model Is Incorporated Into the
observed. This reversal in the separation length versus Reynolds compressible Navier-Stokoo equations and numerical solutions
nurmiber trend was consistent with the reversal obsarved for obtained for separated flows. The modification attempts to
Incipient separation versus Reynolds number corrieallriux. Author reproduce the response of a turbulent boundary layer to a severe

prreesu'e gradient by introducing a simple rate equation to account
for the relaxation phenomenon. The system of equations is solved

N79-17049 Cranfield Inst of Technology (England) AeroJynam- by MacCormack's time splitting explicit numerical scheme for a
ica Div. series of compression corner configurations. Computations are
LAMINAR AND TURBULENT BOUNDARY LAYER GEPARA- performed for ramp angle varying from 15 to 25 degrees at a
TION AT SUPERSONIC AND HYPERSONIC SPEEDS Mach number of 2.96 and Reynolds number of t0 to the 7th
John L. StollerV In AGARD Flow Separation Nov. 1976 power. An incident oblique shock impingement case is also
I p D raes JFor availability nee N78-17030 08-02) computed at tlrese same conditions and Included for comparison

A numriber of theoretical and experimental investigations of with a ramr.p induced separation case. Calculations utilizing the
shock boundary layer Interaction are discussed Both laminar modified eddy viscosity for the interacting turbulent flow compare
and turbulent layers are considered, growing over two dirmensional very well with experinmentai measurements for the compression
and aulsyinnoetric bodies. For laminar flow a slmplified version ramps, particularly, in the prediction of the upstream pressure
of the momentum integral method has been developed and used propagation and location of the separation and reattachment
to predict Incipient separation. A number of comparisons points. Good agreement is alse attained between the measured
botween experiment and theory for attached, incipient and well and the calculated density profiles in the viscous Inviscid
separated flows are included. For turbulent flow the three layer Interantion region Author
model proposed by Elfetrom is shown to give good quantitative
estimates of incipient separation and to explain the Reynolds
number trend found experimentally. Since the turbulent bciundary N76-17053* Nationhi Aeronautics and Space Administration.
layer Is more resistant to shock Interferanoe a very simple attached Ames Research Center. Moffett Field. Calif.
flow theory Is derived, which pleas good predictions of both AN EXPFRIMENTAL AND NUMERICAL INVESTIGATION OF
pressure and heat transfer al hypersonic speeds Author SHOCK WAVE INDUCED TURBULENT BOUNDARY LAYER

SEPARATION AT HYPERSONIC SPEEDS
J. 0. Marvin, C. C. Horstmen. M. WA. Rubesin. T. J. Coakley.
and M. I. Kuesoy hI AGARD Flow Separation Nov. 1975

N76-17050 Von Karmsen Inst. for Fluid Dynamics, Rhode-Saint. 13 p refs [For availability see N70-17030 08-021
Genese (Belgiumi. CSCL 01A
INCIPIENT SEPARATION OP A COMPRESSIBLE TUR. A thoroughly documented experiment Is reported that was
SULENT BOUNDARY LAYER specifically dexigned to test and guide comlputationa of the
C. Appels end B. E. Richards in AGARD Flow Separation interaction of an impinging shock wave with a turbulent boundary
Nov. 1978 12 p refa (For availability see N76.1 7030 06-02) lever. Detailed moon flow fild and surface data are presented
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for two shock strength$ which resulted in attached arid separated G. E A Molar In AGARS Flow Separation Nov 1975 9 p
flows, respectively Numerical computations are used to illustrate refs (For availability see N70.17030 08.02)
the dependence of the computations on the particulars of the The physical system consisting of a shock wave and the
turbulence models Models appropriate for zero pressure gradient downstream separated flow causes oscillatory instabilities in three
flows prediuted the overall features of the flow fields. hbt were cases described here: transonic flow In a curved channel; flow
deficient In predicting many of the details of the Interaction over a symmetric profile at angle of attack; and flow in a Level
regions Imp.rovements to the turbulence model parameters were nozzle. The shock boundary laver interactiort creates or displaces
sought through a combinatlon of detailed date analysis ani a separation bubble. thereby changing the flow field downstream
computer simulations which tested the sensitivity of the of the shock root This process usually vrrangthens the shock
solutions to model parameter changes Computer simulaltons uslng wave by Increasing the baick pressure The shock wave than
these improvements are presented end discussed Author becomes unsteady, moving the. separation point with It In en

upstream direction, so that a self preserving instabIlitV occurs.
thus reducing the flow velocity in the whole traneonic field By

N76-17054 Nialsor Engiearing and Research. Irc. Mountoin means of the later reattachment of thie boundary layer, the entire
View, Calif. flow Is accelarated and tends to return to the initial condition.
PSUSEDICTIOPI OF TURA I.ENT SEPARATE D PLOW AT I.e.. the process Is cyclic. The length of the oscillation periodsSUESONIC AND TRANSONIC SPEEOS INCLUDINO can be aestimated. Author
UNSTEADY EFFECTS
Gary D. Kuhn and Jack N. Nielsen In AGARS Flow Separation
Nov. 1975 16 p refs iFor ivallobility see N76.17030 08.02)

An Integral boundary layer method is extended to calculation N75IRIM05 National AerospICe Lab.. Am VtErdsn (NthlOrlsndsA
of separated turbulent boundary layers in steady flow aird to EXPERIMINT ON TRANIONIC SHOCK WAVE BOUNOARY
unsteady turbulent boundary layers. Separated boundary layers LAYER INTERACTION
: mre calculated by treating the pressure as a dependent variable J. W. Kool In AGARD Flow Separation Nov. 1978 10 p

ercalultedbytret~g te pesureasa dpeden v rial refs IFor availability see N70.17030 08-021and prescribing the wall Rhear variation. The boundary lever An esperient Is described In which a normal shock Interacts
method and a suitable potential flow method are used in an wt a torimensi turben boundry l in inr
iterative procedure to produce a method for predicting the w ith a two dimbneional turbulent boundary llyer In e n uniform
characteristics 6! separated flows. Good comparisons are shown flow with a Mach number of 1.4. The will presure distribution
between the theory and dait for a separated turbulent boundary in the Interaction region was measured and detailed pilot and
layer on the wall of a transonic wind tunnel Analytical solutions static pressure surveys were made. The how field was analyzed
developed from a small perturbation analysis indicate the method and no supersonic tongue was found downstream of tire shock.
is valid for unsteady flow over a certain range of frequencies The velocity profiles were Integrated to obtain the integral
Good comparisons were obtained between the linearized theory proprtiles whereas the skin friction was derived from Clauser
and results produced by a finite difference solution of the complete plots. From the distribution of skin friction and the behavior of
nonlinear unsteady boundary-layer equations Examination of the the Integral propertils it has been concluded that the boundary
nature of the integral ecliations in the vicinity of a point of zero layer separated at the foot of the shock and reattached 4.5
wall shear stress indicates that the shear stresa gradient decreases undisturbed boundary layer thickness downstream of the
approaching tile point of zeio shear. Author seperation point. The velocity profiles at the stari of the Interaction

and downstream of the reattachmarit point correlate well with
the logarithmic velocity distribution In the wall region. AuthorN76-17OBE Office Natitonal d'Etudas at de Reoherches

Aerospatitles, Paris (iFrance). NYI.1709 Royal Aircraft Establishment, Famborough (England).
VISCOUS INTERACTIONS WITH SEPARATION UNDER A REVIEW OF SEPARATION IN STEADY, THREE.
TRANSONIC FLOW CONDITIONS [INTERACTION VIE.

QUEUS AEC ECOLEMNT N EOULMEN TRNS.DIMENSIONAL. FLOWOUIUSE AVEC DECOLLAMINT IN ECOULEMENT TRANS. J. H B. Smith In AGARD Flow Separation Nov. 1975 17 pIONI. UEr rate (For availability *se N70.17030 08.02)J Cearati J. J. Chatt197 and Jp C. LsBaliur In AGARF Flow An attempt is made to present a unified view which leadsSeparation Nov. 1976 13 p role In FRENCH; ENGLISH from a consideration of the structure of the problem and the
summary (For availability see N76-17030 08.02) role of modelling. through the partial solutions which have beenStrong viscous Interactions which are present in transonic found, to some Illustrations of the application of three dimienslioal
flows past airfoils give rive to an important thickening of the flow separation in aircraft design. Much of the work reported Is
boundary layer with the frequent formation of a separated only partially three dimensional, in the sense that boundary layers
region. Under such conditions, the calculation of the flow must are calculated for fluws over cones or infinite sheered wings
call upon rapid interaction theories whose application for the snd that slender body theory is used to clculate the separated
case of a turbulent boundary laver Is examinated In conjunction flow These treatments reveal the limitations of some two
with experimental analysis. A detailed analysis of the flow field dimensionl concepts like reitohment and present an exciting
has been made by using Interferomltry end a method of calculation dmnsion oncept li inrne An ting
similar to l(lireborg's approach. The principle of this theory Is
to divide the flow into two domains: a weak Interaction region
where the pressure gradient Is moderate, arid a rapid interaction N71.17060" R and 0 Associates. Santa Monica, Calif.
region If separation is likely to occur. Author LAMINAR SEPARATION ON A BLUNTED CONE AT HIGH

ANGLES OF ATTACK
N7.170 nh oStephen C Lubard In AGARD Flow Separation Nov 1975U11 5 chniscr Hochschul Aachen WWest Germany) 1t p refs (For availability aee N76.17030 08.02)
UNSTEADY SHOCK WAVE-BOUNDARY LAYER INTERAC. (Contract NA52-8113)
TION ON PROFILES IN TRANSONIC PLOW A new technique is reported for calculating the entire flow
Klaus Finite /it AGARD Flow Separation Nov. 1975 11 p field on sphericlly blunted cones at high angie of attak and
rats IFor availability see N76-17030 08.02)

Many unsteady flows are characterized by the interaction of high Ilminer Reynolds numbers. An approximate system of
shock waves with separated boundary layers In particular shock parabolic equations obtained from the steady Niler.Stokes
oscilllatons occur on thick airfoils at high anglesi of attack end equations by assuming the viscous, streamwise derivative termstrcillntionsccur s ntream Maclirnumbers. Mehihanrems wr atckarrd are malil compared to the viscous normal and circumferentialtransonic free stream Machl numbers. Measurements wore carried derivatives Is the basis of the calculetions. These equations areout in an intermittent indraft tunnel to study shook oscillations valid for both the invis.id and viscous regions, including tre
on various two dimensional wings. Alternating separation and cirufor s oth at v elops on the ecircumferential separation zone that develops an the leeward
attachment at the lending edge is the observed severest type of side at high angles of attack. Two different methods are used
the unsteady flow conditions. For this case mulgipark interfero. to ot hial ondits fo those ere saad
grams show periodical oscillations of the circulation of the wing. to obtain the initial conditions for these equatiOns at the epheme
accompanied by the same oscillation of the circulaion in the cone tangency plane. For small nose Reynolds numbers, en
opposlit sense in the wake. Large periodical disturbances exist xisymmstric merged lyer solution around a sphere is rotated
throughout the entire flow field with defined phaia shifts. The to provide a three-dimensional initial plans of data. For large
primary source of the observed instability Is the shock Induced nose Reynolds numbers, the nos region i solved using anIrnvisold. three dimensional time dependent solution combirledseparation of the boundary layer on the profile. Author with i boundary laver solution for the viscous flow. The computed

fiowfield including the leeward separation region is described
N76-17051 Max-Plinck-lnslitut fuer Stroemurtgaforschung. arid compared with data for a 7 dog half angle cone at t0 dog
Goettingen (Wesl Germany). angle of attack. and a blunt 15 dog hall angle cone at 15 dog
SHOCK INDUCED FLOW OSCILLATIONS angle of sttack Author
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N74-17081 Deutsche Foreohungs- und Versuchsansallat fose D. F. Myrhiing In AGAFID Flow Separation Nov 1975 14 p
Left. und Rdumfahrt. Goettlingen Wait Germanyl. rots lFor availability sees Wi-11 030 08 021
CALCULATION OF THE THREE DIMENSIONAL LAMINAR integral aquatlorts gaverrrp tile three difllrehioflaoril flow ini
SOUNDANY LAVER AROUND BODIES OF REVOLUTION a cylindrically symmetric shock wave turbulent botoidaiy layer
AT INCIDENCE AND WITH SEPARATION interaction are written in the form of mtomientumlr arlratittns lot
Wolfgang Gelbfor lIn AGARD Flow Separation Nov. 1975 directions normal to and alignedn Withi the itle iif ther shock..
it p ref. (For availability see N76-17030 08-02) plus sit erntrainmerrr erruatior By iriuirictirig the contribtiufotic of

A numerical method is presented to calculate the three surface friction anti mnss antrainrrrert. diriect dueripendice on
dimensionral laminar Incompressilbe boundary layer over bodies spatial derivativee s ro emiwnid anti 5iitiolution src artuinedi using
of revolution at incidence. The inviacid flow vetocities used for the Mager rosivi flow tohotle Stitl loiwer Iiw wtfirctlit fnr tillr
the boundary condition at the outer edge of the boundary layer ritreemwisa flow Hhriultri uirr produiced for ariflhorn of weep rirrita
are determined numerically by a singularity method. The boundasry than 46 dell wfhicht tihow goodii ajinrororirtlWilwit unrpoiriiintiriii
layer calculation is carried out in a tramlfinein coordinate system. measurements of pressure itree to separation For 11T14rri8fleragler'
The coordinatee ore flead to the streamlines end aqulpotentlal of sweep the theory suggests that the skin friction becomeslines of tho Ineriscid Raow. The boundary layer equations are vanishingly smoll at separation. which in turn suggiesits the lived
integrated by an implicit finite difference method. Ar. a result of for a modified separation criterion. Authori
the numerical calculation process the velocity profiles In
directions of streamlines end aquiportential lines are known for
each mesh point of the coordinate system. It Is shown that this N6106BlitcRsac as.Ald~ rvn rudmethod can be used to determine the sepaeration fines on the NMd. 5 alstcRserrLbs.Aersni rvn rud

be* urfae. AthorTHE STRUCTURE OF THREE DIMENSIONAL SEPARATED
PLOWS IN OBSTACLE, SOUNDARY LAVIR INTl RAC.
TION&

11418-092 atinalAerspae Lbý. mstrda Ifiloherancs),Raymond Seriney and Clarence W. Kitchens. Jr. hIn AGARONTI-lo~ Natona Aeospae Lb, nistrden IethelmnalFlow Separation Nov 1 975 lb p tets (Por availablirty setiTHREE DIMENSIONAL SEPARATION OF AN IN- N76-17030 00-02)p ~~~~COMPRESSISLE TURBULENT BOUNDARY LAYER ON AN Tetruetbudr ae nfuwl factt~lOr
INFINITE SWEPT WINO h ubln onaylyro h alo olnol

A. Esenar, . Vnderler, ad J P. . Lndhut I AGND upeisonic wind tunnel Is studied. Sizeable soeprated flow regions%A. Eeenor, . Vnclnsfug. nd . P.F, indout n AARDcart be studied since the well width Is 38 cm and the boundaryFlow Separation Nov. IBIS 16 1) rets (For availability see layer Is typically 25 am thick. The large scale of the experimentN76-117030 08-02) ai required to resolve the fine details of the flow strucfure, The
A thae imenionl bunday lyerflowundr ifinie septflow visualligtion techniques aer discussed. The variation ofWIng conldittIs01 Is sirmulated. A description Is given of the primary separation distance is presented as a funution of M. R.

development of the boundary layer In a region of an adverse arid obstacle dimensiona. Sorte scaling laws that have beenptdasurs gradient leading to Increased cimso flows end firnally proposed are not supported by our results. The structure of theterminating In a three dimensional separation. Measurementsi are selpirated flow upstreamn of the obstacle changes with relativelyreported of the mean velocity profiles. the wall shear stress and small changes In A; the number of vortices varies from 8 to 4the components of the Reynolds stress tensor. These measure. to 2 Its R changes. Data ore presented for large and smallrients reveal a decreasing micing length with Increased cross oubracmbtthleerrempsid.Ahr
flow and a substortlal difference between the direction of the poueaoo u h efraeepaie.Ato
shear stress and the velonity gradient. Afltr the separatiorn line
a region with an almost spanviwiso flow Is observed Caiculatioiri
are presented of the boundary layer development with a finite N76-17066 Rutgers Univ., Now Brunswick, N.J. Dept. of
differencet method using semieampirical shear stress relations Mechanical. Industrial, end Aerospace Engineering.
based on the turbulent energy equation. This method feils to CINEMATOGRAPHIC STUDY OP SEPARATED PLOW
predict separation. When empirical modifications, tbased on the REGIONS
experimental results are Introduced, the agreement improvesi. Close R. II Page and C. V. G. Pnuirembel Ini AGARD Flow Separation
to soepration, however, the calculations are very sensitive to Nov. 1975 7 p refir iFor availability ise N76-17030 08-02)
the pressure dist ribut inn slird this might be related to a Goldstein- A cinematographic study utilizing high speed motion picture
type singularity at separatiorn. Author photography wss carried out for a series of supersonic separated

flow configurations. A two dimensional variable Mach number
wind funnel was used to produce flow fields about several sting

11116-1703'Naina Arnatis ed paeAdmrinistraftiort supported models, Including a sphere, a blunt body with a leading
N75*103 Nefona AerireticaandSrrarr pika arid a missile, Color Srrtrlieren and shadowgraph techniquesAmes Roesearh Center. Moffatt Field. Calif.

THREE DIMENSIONAL BOUNDARY LAYER SEPARATION wetu the prdinriry diegnoritic toolis used in thesoelsudies For
IN SUPERSONC FLOarrOe film sequen101Ces,. these flow visualizatiorn techniques were

William. D. Bachalo and Maurice H-oltlihr AGARO Flow Separation atiharrced by the addlitiont of snriall particles. The chief results of
Nov 1976 13 p refs Pisparerl iii cooperationi with Calif rthese studiuls are presented iii a f 6mm color inotion picture

Uny.Bree FraviaiiysnN617030 08 021 turin. Exrteftrirt nlualitativir descriptions of various supersonic.
Univ. Berele (Fraalaiiyia 7.sparalted flow fields have been obtained by viewing these high

An account Is given of a detailed experimriental investigation ripoee moatiarn pictures on a reduced time sicale or on a
of three dimensional boundary layer separaliort in supennuaninr frarrieby train. basis Author
flow. lii Investigatirtg three dinaiennlortal effects art supersonic
separation, models were chosen which exhibited departures from
two dimtensionael floy, in the simplest way. The piano compiessioniN5107 Ofc aina ~ue td lcece
corner was replacedi by a plate attfached to a swept back wedge Aenotpatiales. Paris (Froncel
formed by two obliquely Intersecting Irlanors. Maintaining a PHENOMENOLOGICAL INVESTIGATIONS OF SEPARATED
constant tuninel Mach number of 2 5, surface pressure measure. FLOW USING HYDRODYNAMIC VISUALIZATIONS IETUDE
ments were made on these mordefls at static orifices spacedi PHENOMINOLOOIOUE A PARTIR DE VISUALIZATION$along the centerline and along throe parallel lutes The flow HDOYAIUSparamneters in the bouridavry layer anid separated regjioits ddiacerit HenriODlsYn AMIOU lwEeprtinNoS7I1
to the modeol surface were measured Ity traversing trot wire sltd rots In FRENCH. ENGLISH4 summary (For availability see
pilot probes. The traverses ware token acrolls the boundary layer N76 17030 08-021
and reversed flow regiotnt in a direction rnirmal to the body Ttranka to flow visualitationa obtained at a waitr tunnel
surface, thiey were made in several vertical pilties, inrcluintig thrr since many years, It has been possible to undertake the physical
plane of symrmretry. Author study of separations around a blood variety of obstacles. From

these results, obtained at low speed, emerge a number of
fundamental schemes which civrosporld to the main types of
sepaerationes observed In two- or three-dimensional flow, their

M7S-17064 Safford Uniuv. [Enrglanrd). Dept ot Mechanical idotailed anaelysis emphesitiee their singulartites asi well as their

Engineering TOnstonl SEPAATIO INke and unsteady aspects. A synthesis is
SYMMETRIC SHOCK WAVE. TURBULENT BOUNDARY separationa as compared to those occurring in plane or arisym-
LAYER INTERACTION metrlical flow Author
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N76-17048 National Aeronautical Establishment. Ottawa by ONERA and the other by NLIP. A conclusion regarding the
tOntariol rinain factor affecting variation in lilt coefficients of wings-with-
THE THREE DIMENSIONAL SEPARATION OF A TUR' stores is drawn For individual title%. asee N75-18060 through
SULENT BOUNDARY LAYER BY A SKI WED SHOCK WAVE N76-18053
AND ITS CONTROL BY THE UmE OF TANGENTIAL AIR
INJECTION N7S.180S0 Advisory Group for Aerospace Reosearch Arid
David J Peak@ and William J Flainbird (Carleton Univ) In 0evelopmerrt. Paris (France)
AGARO Flow Separation Nov 1975 34 p) rafs (For availability CHARACTERISTICS OF 2.0 UNSTEADY TRANSONIC
vinii N70- 17030 08.02) FLOW

Thurne dr1O 1i~n~iensirrl interaction of a skewed shock wave /ir its Comnmenta oil Tianoonic arid Wing Store Unsteadty Aerudyivi
with ii turbulent tiourdicta layer, that is generated by a variable Jan 1970 p) 2-5 (For availability sea N76. 18059 09-02)
irirlle wedite starndngn normal to a flat test wail,. has been Characteristics of urniteanly higih subsoinic arid Itantbonic
iuystannatioaily investigated at nominal mainstream Mach numbers flow Are, illustrated by use of experimental result% from a 2-0
of 2 and 4. uip to and beyond shock strengths sufficient to airfoil with a sinueoldafly steady and unsteady airloeds. The results
cause Incipieint three dimensional separation In the Mach number of the wind tunnel tests on an airfoil with oscillating flap, and
2 flowfield. with wedge deflection angles of 8 and 11.5 dog, unsteady flow field aer discussed along with periodical shook
blowi11g air At Mach 3 wail introduced upstream of the Interaction wave motion The calculation methods tot 2-0 unsteady flow
arid tangential to the wall The objective was to control and are raviewed FO0S
remove the three dimeonsional separation. The let esinkse
momentum for this control situation wee slightly more then the
momrentumn deficit of the undisturbed boundary layer. In addition NIG-16OS1 Advisory Group for Aerospace Research arid
to the@ control of the magnitude of the blowing mome~ntum, the Davelopment. Pens IVroncel.
direction of the waill at could also be changed by rotating the EVALUATION OF CALCULATION METHODS FOR 2.0
line of the lot efflux. The optimum direction of blowi.g was UNSTEADY TRANSONIC FLOW
found lo be Along a line sornnewhere between the deflected surfae In its Comnments on Transonic anit Wing- Sotor Unsteady Aerodyn
of the wedge and het line of the oblique shock wave. Author Jan 1976 p 567 (For availability see N76. 18059 09-021

The methotds for solving the problem of two-dinionsional

N?0.17069 Princeton Univ., NJ unsteady tranisonic flow are, discussed for osuillating Airfoils Thie
AN EXPLORATORY OF A THREE DIMENSIONAL SHOCK thickness effects and influence of tire bowirndry layer mile
WAVE BOUNDARY LAYER INTERACTION AT MACH 3 Considered along with the unsteady shock wave notion F.O.S
1B, Otkarn, I. E. Vas, and S. M. Dogdonoff It, AGARD Flow
Separation Nov. 1975 14 p refs (For availability see N75-17030 N76.¶8062 Advisory Group for Aerospace Research end
08-02) Development. Paris (France).

*Art explonatory experimuntal investiurtion has been carried UNSTEADY TRANSONIC PLOW4 .out on the three dimensional flow fields caused by the Interaction In its Comments on Transonric and Wing -Stote Unsteady Aeroclyn
of oblique shock waves and a planar turbulent boundary layer Jan. 1976 p 7.8 (For availability sari N76- 18069 09.02)
The study was performed at a free stream Mach number of Thre transoiric. flow around oscillating finite three
2.96. as Reynolds numrber pen Inch of 1 8 x IOU and near adiabatic dimensional wings is discussed 711e experirmental evidence that
wail conditions. The interaction was studied on two experimental supports the devttlopment of predfiction methods for three-
configurations having different initial boundary layer thicknesses dimensional flow is reviewed, and the calculationr methods for
Both surface ineasurements as wall as complete flow field surveys 3-0 unsteady flow are analyzed P0S.
were performed. The main contributions of the present 1vestige4
lion are two experimenitelly derived flow field models for shock
generator angles of 4 dog aird 10 dog. Based upon both static N76-11063 Office National dItrides at do Recherches
pressure and surface flow patterns. as well as host transfer Aenroepatieles, Paris (Franmce).
date, the Interaction region can be characterized as quasi-two- UNSTEADY PRESSURE MEASUREMENTS IN WINO.WITH.
dimensional along the shock direction in the region studied. A STORE CONFIGURA IONS
critical examination of the occurance of ordinary flow separation Roger Destuyndrer In AGARD Comments on transonic and
and its cfharacter was carried out It wee concluded that McCabe's Wing-Store Unsleadly Aurodyir Jan 1976 p 30.37 refs InI
criterion Is not a sufficient condition to determine the oinsel of FRENCH: ENGLISH turrinrary (Fitt availability seas N76.18059
flow separation. Author 09-02)

Mremeurenerits are miade at vajious Macfr numrbers on a
N76-17070 Generai Dynanhics/Convoir, Son Diego. Calif. semi-span modal oscillating in pitch. Several kindts of storirs.
THE MANY FACETS OF 3D TRANSONIC SHOCK INDUCED differing In siza, and positron, were mounted In eacht case. the
SEPARATION characteristic values due to the store Itself, those due to the
H. Yoshihara and D Zonare (AF Plight Dyrnamrics Lab ) In AGARD iritaractirin between wing arid store. antI lastly the values
Flow Separation Nov 11975 8 p refs (For availability seereaieotrecanwgwrenasrdCluains ee
NIS-17030 08.02) performed in order to compare theory arid axperimurit Two

Prerisure, dist ribuitions obtained in wind tunnrel texts on several methods were applied the flirst one, developedf by ONERA. ist
wing fuselage configurations at high subsonic Mach nunrbers xrrmi-enrpirical metfhod making use of Mach number fields,. the
are used to Illustrate several shock induced separation scenarios ote nue ytr L Ansedm smr Amileteasi
that art essentially 30 in meture Pasrcosys Type 5 interactions, determines directly the Interaction hetween wing and stre
distinguished by iprior history effects. apuear in several different initroducing source arid doublet distributions oir the store, the

form. Te dscried esuts i geera arechaactristc pimailypylon arid the wing. In all caskes, it appears that tirea rirain term
fofm.h dft escbried irfoilts. i aot recd iA uthorimril is the Interaction created by the stone ott the wing. which cnai

of al-cmboed irfols.Autorentail a variation of uip to 15% of the lift coefficiernt. Author

N76-18069# Adtvisory Group for Aerospace Reisearch arid
Development. Paris [France) NTS1504# Advisory Group for Aerospace Reumorclr Andr
COMMENTS ON TRANSONIC AND WINOS111TORE Development. Paris (Franice)
UNSTEADY AERODYNAMICS COMPARISON BETWEEN THE CALCULATED AND MEA8.
i1 Tildeman (NLIR and R. Dostuyrrrtr IONEIIAI Jar, 1970 LINED TRANSFER FUNCTIONS FOR THE CONCORDE
42 p rtef In ENGLISH and pertly, in FRENCH AIRCRAFT ICOMPARAISON 01S FONCTION6 DR
IAGARD.R.638) Avail NTIS tiC 400 TRANSFERIT CALCULEES ET MESUREES OUR LAVION

Papers given in September 1975 before the Structures anti CONCORDEI
Materials Petrel Sub.Committes on Aeroelasticily and Unsteady J. Roristari Jan 1975 21 p In FRENCH
Aerodynamics, are presented. Tfie first presents an in-depth review IAGARO.R 637) Avail N7IS HC 53 60
of the presenti state -of-tfie-art in transonic. unsteady aerodynamics A comprefrerisve and detailerd analysis is ponesanted of the
Some of the most advanced meltiods are discussed and evaluate() comparison beatween calculationts anid actual rIn-flightl nioesuren
Ant illustration of typical effects olicurrirlg in high subsonic arid mants of tho tionsfar frirctiorra of tIre Concords Supar1Conlim:
transonic flow aronurd oscillating airfoilo, arid wings is presented Transport aircraft! through atrmospheiric itirbulencetn at differing
Some useful conclusions are drawn The secoind paper contains altitudes aind speerts Nurnraris graphsm anti ctartn tira incl~uded
a deecriptionr of measurements made on a variety of wing-srore Results indicate that the aircrat presently defienn as effective
combinstors. and comperas these, measuremnents with theoreti - analysis of Its responser to turbiilencie Roconmeandiptrorr for ufutre
CAl vaiUiSA derived from twu different methods, one developedt researcfh are discusrserdn Aiuthor
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N76.21 163# Artvisoiy (iroiip for ArruIIII)IcI Reseaich antri Refined Mach box intelration procedurem are reported for
Developmennt. Pori% (Iiiantim numeirlBi cal anilysis, of 1111peoriiiic lifting siriface Intearferenice
TECHNICAL EVALUATION REPORT OF AGARD SPECIAL. affect& G G
ISTS MEETING ON WINGWITH.S1TDRES FLUTTER
Walter J Mykytow (AIFFDLI Feb 1978 13 li rnto Meeting N76-23108 Advisory Group fol Aerospace Flesearch anti
[toid at Municht. 9 oct 1974 during 39th Meeting of Strui-. DevoIupmniint. Paris (Fiance
Land Milter Parnil PREFACE TO PIGUR511 AND TABLES
(AGARO AR 913. ISBN 92 8335 1209 Xi Avail N IlS William P Flodden (La Canada. Calif )In hi s A ComP~alson of
HC $3 b0 Methouit Used III interfaillg Lifting Surface Thieory Feb. 1976

Ilha Curoinage 01 Slhums till wing., sligrrfuantty charngeii that, p 13-25 rof. (ru availability son N 78.23103 1 402)
1Ii'lylnil, chifjl kririllsti: antii iiltnoi idelivinily aiffects thrill flutter Data ate compared from three different solutions of the lifting
iiliiliiltionll a cr1iiilr,1it of Induicedii Wigfirri tietiiurn andi i the surface problemr The fini t task in thu (iot Itriiiinatioin of ilia. flow

(itrl~itnn rrlrcei lrivilonicy ltt,. Itilinitrir withi ineitin. clastic field, i a. the voutociy colrrioiaerilt in ilia fiatld surionutdirig lhe
adii ii loldynaititi i couplinmg be witwoo ii0adus Adverine fluttei oscillat ing winug. Thlie ecourd task is tire calculation of the
chdrac toinstici aind 9itliiificotillY lownrild fliitteir speerts occur and interference loading, i.a, lift antid monrent cuefficoterls, on twu
thesu mestrictiorms notvetely constigril t1t0 speed -altiludu surfaces induced by the motion of the forward surface The
perforimarnce envolops that can lie achieved by atil aircraft. Tho third task Is thi' calculation of the ganemraliad forces resulting
variety of stkore that call be LsUiriari oil modern tacticat airplanes from the motions of the various vomponanis of att interfering
uneititaes La filood Iit accuratel uvriiidlai thea literallyt thousands wing-horlaontli tail-fin configuration. the computatiort of each
of ponsiblo tialso comibirtalicitre whinc canl bet carrlied by such of these derived quantities from tha solution of the basic littIng
Laircriaft Husultit eat preseonted froirt a confereince tin infoirmation surf ace problem is indicated below. Author
Land procadii rev 1119 use11 tita v1i rious NATO nlations to arrilve tIria
flutter probtenit aevociatad with the riarriags of external sloites N76-24146# Advisory Group for Aerospace Research and
onl wings Ninre prrlsrulationu wre givayn anit are surnoinried Development. Perls (Franca)
Recommieindaitiins coirsnriirg pontimlen future efforts on thea subject UNSTEADY AERODYNAMICS
are given Authior Mar. 1076091 p refs Presented at lthe Fluid Ditn Panel

Round Table Discussion onl Uristeady Aeodlyri. Goeltingan. West

Development, Perl* Viornce). Five papers iore premerried covering ouch topics as calculation
A COMPARISON OF METHODS USED IN INTERFERING methods in unsteady earorfynarnics. rcenti research esoulis in
LIFTING SURFACK THEORY flutter suppressiout. transonic fluw. unsteady rotor blaed serody.

k iW P. Rodden Feb 11976065 p refs nmicms. wind tunnel lest techniques. arid recent research efforts
(AGARD.R.643.Suppl; ISSN.92.535-1210-3) Avail NTIS in meoielesticity slnd unsteady onerodyiranica at the U.S. Air Force
HtC 84.50 Plight Dynamics Laboratory. These papers geve a succinct review

Flow field prodiction methods for interfering lifting surfaces of the presenrt state of sorooIasiicity-oriented unsteady aerocly.
cover subsonio and supersonic aerodynamic toads. For Individual nrisFrIdyde ils e 7-44 hog ~
tittes, seo N70*.'k3I64 through N76-23169. nar241 o nfvde ttese 71.17trog 7

* . ~~~~~N711123114,11 Acivisory Group for Aerospace Research andN7.44 Mesrhmt9olwUorr mbH. unc
Development. Paris 11'rance). N4217 MseshitBekwBomGobHMnc

INTEMRFERNCE AND NONPLANAR LIFTING SURFACE MWest Geritrny).

THEORIES UNSTEADY AERODYNAMIC PREDICTION METHODS
William P. Rodden (La Canada. Calif.) In its A Coinpatison of APPLIED IN ANROILASTICITY

Methds sedin nteferng iftig Srfae Teor Fe. 1768 Lsischka In AGARD Unsteady Aerodyn Mar 1975 31 pMethds sed n Itererin Litin SuraceThery Fb. 976refs (For availability see N76-24146 15.02)
p 2.5 IFor availability *to N78.2310P' 14-021 A brief survey is given on the besic prediction methods in

The latest prediction methods for ur itoody aerodynamic forces unsteady aerodynamics needed In aeroelasticity. After an
actitig on Interfering lift configuratrions are discussed The introductory outline of sonic of the mrost imnportanrt aeroelastic
collocation metlior and finite elemeirt anaiysis aer applied to pherromena, some representative concepts applied to calculate
iiubaonlc flows Supersonic procedures include the box integration unsteady aerodynaimic forces tin subsonic and supersonic flow
method. the boa collocation method, and titr collocation arei described. Thnen, atteittion isI drawn to arleas whiuh aer not
NmethodS AdioyGop o.eopceRsac Gn yet covered adequately by the presently existing theories These

soae comprise affects of gap geometry betweern fined wiiig and
N70-316 Adisor Grup or ArosaceReserchandccntrol surfaces, of meaii incidence about which a wing or control

Development. Paris (France). surface tit osoltlatirig 3f wling thickrness. of Flovcroldo nrinibet.
THE NONPLANAIR KERNEL FUJNCTIONS etc Furthernmore. some not yet pubclisfhei results elatled to
William P. Rodden (La Canadan. Calif.i Iii its A Compaiison of interfering multiple lilting configurations are presented These
Methods Used in Interfering Lifting Surface Theory Feb 1978 results Include thrucst ciitcutatioiis oil oscillating taurdan wings
p 5.9 (For availability see N70-23`163 14-021 in iinccmpressible flow. wing rirduced unsteady tail loads arid

Nonpicanr acceleration potential aspects for the kernels of some downwagh evaluations behind wings In supersonic flow
the lifting surface integral equation arve developed for the subsonic Author
came A veolocity potential kernel is applied to supersonic flow
analysis. 0.0 N76-24148 Natioinal Aerospace Lab, Amsterdam (Netherlands)

SOME REMARKS ON UNSTEADY TRANSONIC FLOW
N711123111111 Advisory Group for Aerospace Research end H Tildemen hrt AGARD Unsteady Aetodyn Mar. 1976 11 p
Development. Paris (France). raef (Fat availability see N78-241 45 15-021
SUBSONIC METHODS A genierl dloki~ssloti of unsteady transonic asnodynantitra is
William P. Rodden MLa Canada. Calif ) lin its A Comparison of presented A simple example of an airfoil having in ostillating
Methods Used in Interfering Lifting Surface Theory Feb. 1975 trailing edge flap wes chosen for tilt discussionr. Results are
p 9.12 (For availability sete N78 23m18 14-02) presented from wind tunneflatsts performed on the airfoil to

Kernel function and Doublet.Lattice Method (OLMI applcro- illustrate the interactions of steady flow fields on unsteady flow
ci horn for solving a ibionic tifting surface problems are outlitned fields Topios discussed include 0)l various calculation methods

The first method uses choldwins collocation points to evaluate used to comrpuis unsteady transonic flow (finite difference theory).
dlownwaafr. end the secondi metfiod applies finite irtmonrrt anialysis and (2) boundary livei intleractions, arid strock wave interactions
to obtain downwasfr expiptoiasorn G G causing aerodynamic loading. It is shown at high subsonic and

fransonic speeds that unsteady airloads are influenced consideurably
by steady and unsteady flow fields and shook wave interion

N76-23167 Advisory Group for Aeirospace Rel-inach and tions J R T
Development. Paris (France)
SUPERSONIC METHODS
W~illiamr P Rodden lLa Canada. Calif) 1 h itsn A Comparison of N7111124142 Office National d'Etudes at do Recherche%
Methods Useri In Interfering Liftinrg Surface Theory, Feb 1978 Aloroepatlales. Paris (France).
p 12.13 (For availability live N7fJ.23163 14 02) UNSTEADY AERODYNAMICS OF HELICOPTER BLADES
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Rolland Dot lip AGARD Unsteady Aerodyn Mar 1976 5 p Axial Turbomachinfirr Oct. 1976 16 p refs In FRENCH (For

isefs in FRIENCH: ENGLISH summery (For availability asia primary document too N77-12013 03-02)
N,76-2414a 15.021 Avail. NTIS HC All/MF A01

A method that predicts the unsteady periodic aerodynamic Tito problem of calculating axial flow In turbrnmaclrines is
forces on helicopter blades in forovard flight is described The approached using the infdel of current surfaces 91l end S2 of
blaed sections ore assimilated to airfoils. the lift at high anrgle C H. Wu. Viscous effects ore, Introduced under the form of loss
attack Is given by a mathematica modal and the three. and the effects of displacement The boundary layer theory is
dimernsional inrterferenceas between blades and between separate accepted. The simplified model is used to analyre the connec-
estitiorre of the same blades ame given by the linesrired lifting lion of tire estimates of surfaces 81 and S2 Transonic flow is
surface theory. The comparison between theoretical and studied. Diagrams of losa end of angles beyond adaptation are
e xperimental results is satisfactory. The range of applications of provided. Blocking and secondary flow tare considered Applications
the method used to vyrrthetias the three-~dimensional theory and in which the model is defective are discusseid and methods for
the experimyents in two-dimensional flow is not restricted to resolving the difficultiers aer suggested Tranoi by A H
helicopters. Author

N77.12015# Durham Univ. (Enrgland), Dept of Engineering
N74.24190 Deutsche Forschurrgo. urtd Versucheanstalt fuer Science.

Luft- und Reumfathnr, Goettlngen (West Germany). Itril. fuer THROUGH-FLOW CALCULATIONS IN AXIAL TURBOMA-
Aaroelestlik. CHINERYt A TECHNICAL POINT 0OF VIEW
WIND TUNNIL TEST TICHNIOUES FOR THE MEASURE. H. Marsh In AGAFID Through-Flow Calculations in Axial
MONT OF UNSTEADY AIRLOADG ON OSCILLATING Turbomeorhinerti Oct. 19715 tO p refs (For primary document

H. Fooraching lit AGAND Unsteady Aerodyn Mar. 1975 Awell! NTIS HC Al t/MF A01
24 p rafls (For availability see NIS.24146 15-02) The through flow theory for turbomeschines andi a detailed

The main features of wind tunnel test techniques In current discussion on the methods of sttreamlline curvature and metrix
use for the measurement of dynamic stability derivatives, flutter through-liow are reported. These two methods of solution are
coefficients and unsteady aerodynamic pressure distributions are shown to be two different torrhnirtues for calculating the flow
described. The presentations are illuminated by some typical lest amt a mean stream surface. The Mach number limitations are
results. Author outlined and the lack of a rigorous definitionm for the meanr stream

surface Is discussed. Tire use of a consil.terrl lose model leads
N76-24151 Air Force Flight Dynamics Lab,., Wright -Patterson to am Improved form of the metric method. Roicent advance% in

rAFE. Ohio Vehicle Dynamics Div. hth offtoulstiori of wal boundary layers and secondary flows are
BRIEF OVERVIEW Of SOME AIR FORCE FLIGHT DYNAM. reported. Work on time marching techniques is reviewed. Aultror
ICS LABORATORY FRESEARCH EFFORTS IN AEROELAITIC.
IYY AND AERNOACOUSTIC$ N77-120`11# Carleton Univ. Olttaw (Ontario).
Walter J, Mykytow in AUAPID Unsteady Aerodyn. Mar. 1976 TH4ROUGH-PLOW CALCULATIONS EASED ON MATRIXI
13 p refs (For availability see NIS-24140 1 5.02) INVERSIONt LOSS PREDICTION

The feasibility of extending active feedback control technology W. Roland Davis (Davis and Associates, Ottawal andi 0. A. J.
to flutite supipression in wings anid external stores is discussed. Miller Int AGARD Through-Flow calculations in Axial Tur-
Flight losts of a E-52 full scale model are described. A computer bomachinery Oct. 11976 12 p refs (For primary document see
program for flutter optimization is discussed. Tiro use of composite N7702013 0.302)
materials in flutter suppression is examined. J.R.T. Avail: NTiS HC At 1/MF ADl

The inviscid flow field in the meridional lhub-to-shroudl plane
of en axial comp~ressor is solved by a finite difference technique

1176-3211261 Advisory Group for Aerospace Research and which eniploys niatrix irnversion. The viscous flow affects areDeveioprrent. Parte IFrorrealcone o yuin miia os ndtepromneoUNSTEADY PRESSURES DUE TO CONTROL SURFACE acecountedsfor byisin detempiricd data and Ithrcie perftormnc ofi
ROTATION AT LOW SUPERSONIC SPEEDS: COMPARISON dsrbsthe opr sso and detlermione byse an hintrctiveusolution Todel
BETWEEN THEORY AND EXPERIMENT dsrbsthe lofec s o nd bl defpasaeior stemd which iosusesd tof moadalC 0 Lodge (Sritish Aircraft Corp. Limited. Lansilrirs and H pothge deffects o of bld tpsae aoknd enud. wlses mande of blade
Schmrid lMrrrsarscirmitt.Boikow.Biohm Ombli, Munich) Sep paissysagem delcIonofth wrinh flidthe mati nneri souion which
(976 2 1 p refs Presented alt the 42d Meeting of the Strurctures thscisbysem. inAat ihtermarxivsi utior i

end Materials Parrei. Ottawa, 5 Apr. 1916decid.Ato
iAGARO.fi.647: ISSBN-92-83b- 1223.151 Avail: NTIS

Moatl aircraft flutter problents hive featured control aurfacocs.
and it is necessary that unsteady aerodynamric forces qvneraetd N77-12017# Detroit Diesel Allison. Indianapolis, Ind.
by tiheir motions should be accuralely prradlicted. Threrefore THROUGH-FLOW CALCULATIONSi THEORY AND
threoretical find experimental siurlisis were conducted on a planform PRACTICE IN TUREOMACHINERY DESIGN
with Ipart operr control surface osicilating in the controi surface John E. Caruthers and Theodore F. MoKain lin AGAR 0
rotation niods at low supjiersonic Macit numbers, The results are Througtr-Flow Caiculations in Axial Turbomaschinary DOct. 1970
itreserrted aind discussed. It In shown that these studies must 14 p rela (Foir primary docuritrrnt see N77-12013 03.02)
isa of a high accuracy so that the more critical aerodynamic Aval: NTIS H-C Al I/MF A01
cunfficisnta, such as hinrge moment damping, aire determined The through-fiow calcuiation It an integral aind vital element
with confidence. Author of airy effective turbo moachirisry design and development process.

The assumptions irrvolved with typical formunlutn~r at the basic
equationts arid the solution techniques employed In such Sreea

N77-12013# Advisory Group for Aerospace Research and as boundary condition specification. numerical evaiuation of
Development. Paris (France). derivatives and numerical stability are presetedtf. Csperimental
THROUGH-PLOW CALCULATIONS IN AXIAL TURNOMA. verification of the theory, using rurhomachinery applications, is
CHININRY presented to demonstrate the accuracy of the calculation.
Colt. 1976 237 p refx Proceedings held at Cologne, West Finally. the normal compressor design ind development cycle is
Gernmany, 20.21 May 1976 reviewed to stress the importance of the through-ffow colouistian
(AGARD-CP-ISB; iSFIN-92-1S136.0`179-91 Avaii: NTIS In this process Author
HiC Al l/MF A01

An exisymmetfri approaruh is used in considering flow N77.12018# Vriile Universituil, Brurssels (Belgium). Dept of
distributions at design and off-design conditions In single and Fluid Mechanics
miulti-stage turbomeohines. For individuai title&. sen N77-12014 FINITE ELEMENT METHOD FOR THROUGH-FLOW CALCU.
through N77- 12026. LATIONS

Chr. Hiraclr In AGARlD rhroughi-Flow Caiculations in Axial
N1171-120t14i Societe Nationals d'Elude tit do Construction do Turbonrachirrary Oct 1976 183 p rifs (For primary document
Mottfurs d'Aviation. Vitiaroche (truncel. asee N77-12013 03-02)
MODELS FOR CALCULATING FLOW IN AXIAL TUREOMA. Avail NTIS HC Al 1/MF A01
CHINIINE (MODELAS DR CALCUL DR LECOULEMENT The finite elemrnart niathod is applied to the radial equiiibrium
DAN$ LEE5 TURUOMACHINES AXIALS) equation itt the forim obtained ahote introduction of the stream
Jean-Marine Thiasylile Inn AGARO Through-Flow Calculations in function. A short presarrtation of the basic features of the F E.M
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Is given and the particular aspects of its application to the efforts *re needed. Sincer a turbine's performance ultimately
through-flow problem in ltubornachinus ate described A depends an the detailed design of the balding. the paper
comparison with ani irillitlit solu~tion fror an axlsyrrimetric conceontrates on this aspect of turbine design and analysis.

trasnsitonzal nnuius with swirl allows an estimation of the Author
numercal acuracy of the method. Other uxaniples of results
include, a transonic axial compressor and an axial turbine. The N77.12023# Deutsche Forechungs- ijnd Versuctusanstalt fuer
coupling with ern grd-wall bounrdary layer calculation for axial Lull. und R1siimftsht. Cologne (Wesl Germany).
ccurripressots in alsot brieifly dleircrbed Author COMPRESSOR DESIGN AND EXPERIMENTAL RESULT@

H. B Waver In AGARD Through-Flow Calculations In Axial
* M77.120190# Massachrusetts trisl of Tirct . Canibridge Dept Turbomachlnery Oct 1978 15 p refs lFor primary docaument

of Aeronautics and Aistrornautics aser N77-t2013 03-02)
THREE-DIMENSIONAL FLOW CALCULATION FOR A Avail NTIS H-C At Il/MF A0 I
TRANSONIC COMPRESSOR ROTOR Attar an introduction to currant techiriquss available to
William T. Thompkina, Ji and David A Oliver In AGARO evaluetle the asisymmetric flow field in turbomaichines at desigrr
Through. Flow Calnulations in Axial Turboniactrinery Oct 1978 and off-design conditions. raeseach wes concentrated primarily
11B p rets (For primary document sae N77-12013 03.02) on proving these calculation methods by comparing the easults

lGrant NGL 22-009 3833 with corresponding experimental data from real test machines
Avail NTIS HC AlI/MF AOl Considered were- l) A single-stage transonico ompressor without

A numerical calculation of the steady, inviscid, three Inlet guide vanes. (2) at three-stage transonic compressor without
dimensional flow in a isolated transonic compressor rotor has Inlet guide vanes, and ()l a 4-atags corrpressor with Inlet guide
been completed using MacCormack's second order accurate vanes. Complete geometrical data and tesl results are provided
time-marching scheme. This rotor has a tip Mach number of GG
1. 2, art overall diemeter of 2 fest, and inlet hub/tip ratio of
0.5. The computed rotor total pressure ratio Is 1.82. Comparisons 11177.1122o411 Deutsche Forachungs. und Varsuchsanatell luau
between the numerical solutioin, measuiements of the in"tra-biade Lull- und Raumfahrt, Cologne (West Germany)
static density field obtained by gas fluorescence, anti time COMPARISON BETWEEN THlE CALCULATED AND 11H5resolved exit flow measurements showed that the inviscid EXPERIMENTAL RESULTS OF TH45 COMPRESSOR YEST
computation accurately models tranusonic rotor aerodynamics end CASES.
rot0r blade pressure distributions in the upstream portions of H4. S. Weyer and Ri. Dunker In AGARD Through-Flow Calculations
the blade passage., the viscous affects influarncing mainly the in Axial Turbomachinevy Oct. 1976 281 po refs IFor primary
downstream flow. Author document see N77-12013 03-02)

Avail: NTIS HC AIly lMF AD IN17712020#i GEC Turbine Generators Ltd,. Manchester (Englandlý. ,For the calculation of the compressor's overall performance,
ATheoretical Aerodynasmics Group. onedihmensional techniques as well as duct flow arid through-fNow

THROUOI4.FLOW CALCULATION PROCEDURES FOR miethods ware used. No characleilalic diflerantass encounter from
APPLICATION TO HIGH1 SPEED LARGE TURBINES the various methods indicating that a savers effect of a more
H. J A. Cox In AGARD Through-Flow Calculations in Axial or less complete physical flow model does not exist. The deviation%
Turbomachintary Oct. 1976 13 pt refs iFor primary dlocurrient as far as observed with respect to the experiments are primarily
see N477-12013 03-02) due to the iriaccurantr of the flow lost and flow turning predictions.
Avail: NTIS HC All/INPM AOl particularly at off-design operating conditions. The duct-ftow and

Moaor difticulties ariase in the evaluatioin of ttiroigh-flow, eolu - ttrrough-llow calculation techniques were mainly utilusio to
lions relevant to conditions existing withuinrths rear stages of large compute in detail the ciompressor internal flow. Streamlirne
modern low pressure steam turbines. The highly loaded stage curvature, matrix. antd finlit element irrethorx thereby served as
designa In which convorgent-divergont profiles are used require numrrerical procedures to resolve the flow equations. Concerning
computation procedures which can accurately allow for supersonic the flow poiarameteis calculated outside ot the blade rows no
Meach numbers at both guide and runner blade cutlet, high values evident superiority was observed for any method even for the
of stroarriline elope In the meridional plane and varying quantities through-flow tozihniqueo although their physical background seems
Of mesa flow tapped off between stages. The consequeant effect to be more accomplished taking for insatance into account the
of these conditions on turbine perfotmrance and various methods effects of blade thickness, blade turrning, a s.c. Discrepancies In
by which they can be Incorporated Into a streamline curvature tha experimenta. results are believed to be caurted by an inexact
computation process ear discussed together with the use itt steam estimation of the wall boundary-layer blouktge, end by 3-di-
thermodynamic data. Procedures which can be emnployed to obtain menslonal flow shteds which aer not accounted for In the
numerical stability and convergence in the computation process 2.dlittrnsioruul calculation techniques Author
are suggested end further problems concerned with the evaluation
of off-design solutions are briefly considered. Author

N77.12021# Brown, Ravert and Co. Lntd. ltadunr (Switariand) N77,12025# Von Kermrari Inst. far Fluid Dynamics. Rthode Saint-
Dept of as urbies.Genese, (Beipirimi

DeSI.ofGNoF Turbine, sIN. ITIUEDO VR T1,IRSINE TEST CASES: PRESENTATION OF DESIGN ANDDESIN O TURINE USNG DSTRBUTD ONAVEAGEEXPERIMENTAL CHARACTERISTICSL.O88E18 EFFECT OF BLOWING J. Chauvirn and C Sievarding Inr AGARD Through-Flow
D. K Multherlee In AGARD ThroughuFlow, Calculations in Asial Calcutatiorni in Axial Turbomaschinetiy Oct. 1978 19 o (For
Turbomachiinery Oct. 1976 14 p refs (For primary document piayuuuetseN71030-2
seeil N17.201 HC3l.021 AO Avail NTIS tIC AtI/MF ADl

Avai. NTS N Al /NP ~lFull geometric data are presented for a two-stage. twoeohaft
The design of at nulti-stage turbine begins with one HP-IP turbine for advanced gos turbine angine%. Traverse data

dimensional calculations. flow field computations which than are available before and after each blaed row, for total pressure,
follow are invaluable as they allow to determine velocity triangles total temperature. static pressure and absolute angtle. Author
at different radii and to design the blade&. In these calculationsa.
aerodynamic losses arid outlet angle deviatioris due to secondary
and tip clearance, flow, as well as the Influence of coolant on
the main stream expansion are takern Irnto riccount. Author

N77.12026# Von Karmena Inst. for Fluid Dynamics. Rhode-Saint.
N77-12022#~ Northern Research and Engineering Corp., Genetse I1leliuml
Cambridge, Mass. Fluid Dynamic Systems Grcoup TURBINES: PRESENTATION OF CALCULATED DATA AND
A CRITICAL REVIEW OF TURBINE Fl.CIW CALCULATION COMPARISON WITH EXPERIMENTS
PROCEDURES J. Chauvin hr AGARD Through-Flow Calculations In Axial
A. F. Carter In AGARD Throiigh-Flow Calculations in Axial Turbomachinery Oct. 1976 24 p rats [For primary document
Turirboanchinery Oct. 1978 7 pt rots IFor primary document sea N77-12013 03-0J2)
see N17-1120113 03-02) Avail NTIS 14C Al lIMF AOl
Aval.- NTIS HCAII/MF AOl Performance test results together xvitih genmetric design data

blade row performance parameters. such as total-pressure- for two axial flow tuittomachiners are detailed Data include nominal
lose coefficients and flow deviationsi, remrain the weak assumptions 2pm and no~minal moos flow as welt ats nominial pressure ratios
in most orf the otherwise sophisticated calculations of turbine and efficieancies General infoimstion oni utilized computer
flow conditions. Sornie i-f the area& are reviewed in which further programs end calculation methrords Is Included G-0
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N 77-14917# Advisory Group for Aerosae. Research and
bavelopment, Paris (France).
STAINE.OP.1THII.IARr IN UNITIADV A11111100YNIAMICS I
William P. Roddan Nov IM78 12 p refs Presented at the
43d Structures and Materials Panel Meeting. London. Sep.
1076
(AGARD.R.BfiO. ISSN.92.936.l 230.0) Avail: NTIS
HC A02/MF A011

A brief turv*V of new developments In unsteady aerodynamics
Is made as a proposal for astablinhing another comparative .
computatlional AGAMO program. (eandidete topics IncludeJ
supersonic interference. transonic flowv. winrg-body interfeirence,
control surfaces. rotary loads on T-tlals. interference offectu of
vortex shedding, end rotating blades A selected bibliography is
presented for each topic to Illustrate the present state-of-the-art
and Its near term future potential. Author
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03 AIR TRANSPORTATION AND An investigation of non-fatal election vorterbral fractureSAFETYencountered during election fromn military aircraft was conducted
SAFE Y Te caise fortheinjuries aer analyzed Laboratory procedures

lircudm pasengr aiui argosirtranpor opsutifls.andfor determinriing the factors which corntribiute to spinal injuriesaIrcrudet passenger nr csargodairtranrrspiort su ore tos al nd~Sja~ durirrg election are reported. It wase concluded that tihe restraint
hamsner, usedi in the OV. I aircraft wasii responsible for the high

I~ransporrrruior anrd 85Wtim U Tbrrr lecirrop arid Trrarisporlorionjr incidence of spinal injuries encountered by crewmen electing
from this aircraft Author

N74.20756# Advtiory Group for Aerosturuce Fesacircir nu
Developmenst. Porint (Fraince)
ESCAPE PROBLEMS AND MANOEUVRES IN COMBAT
AIRCRAFT N74-20760 Naval Aerospacei Medlical Rasearrcf Lai) . Now
Waitoir L. Jones, ad. (NASA. Washingtorn. D Cl Feb 1974 Orleans, La
121 p rula Papers Presented at Aerospace Med Panel HEAD CLEARANCE ENVELOPE FOR EJ1CTION SEATIS
Specialists, Soosterbsrg. Netherlanda, 4 Sep 1973 DURING NEGATIVE 0 sub a IMPACT ACCELERATION

IAGARD-CP* 134) Avail NTIS HC $9 25 Channing 1. Ewing 1hi AGARD Escape Probi. and Manceusree
The proceedings of I conference on the subject of problems In Combat Aircraft Feb. 1974 3 p rofs (For availability aseeof escape from rotary wing and V/9TOL aircraft atre presented N74-20758 12-051The purpose of the meeting was to delineate the important Living volunteers from the U S Army Participated in a researchaspects of the escape problems and to review new concepts In program designed to determine response of the living huomanescape technology. The subjects covered was broad ranging from heod and neck to Impact acceleration in 1967. 11969. The restraint

biomedical issues In air combat mishaps in high perform noce system used was typical of that descrilbed above and included a
aircraft to human factors and engineering aspects of inflight escape 3-itich lip belt. and Inverted V. and ehoulder straps. The seat
in all types of aircraft. For individual titles, sea N74-20757 through was an experimenrtat seat with the level steel bsrAt pan parallel
11,74-20772 with the ground and the steel seat bock veminrir i to the teat

pan. The shoulder harness in all cases came itilglrt out from .

the sreat back to the shoulder vie an adjustable spreader end
N74.0?Sa Ntioal ercieurrreandSpae Ad~iriatatirrthen downward across the clavicles to the lap ball The subleatsN74-076' Nritona Aeonntie an Spce dmiistatin.so restrained were given a mirnus 0. sub a Impact accelerationWigfnriirpur, D.C. with lixed rats of onset end with fixed peak acceleration. theTECHNICAL EVALUATION OF THE AEROSPACE MEDICAL run selected for this study was that performed by arn 88th

PANEL SPFtCIALfSTSll MEETING ON ESCAPE PROBLEMS percentile sitting height subject (relative to U1.S. Navy allotAND MANOEUVRES IN COMBAT AIRCRAFT dlate). at 100. 800G/sac with a triangular pulse, fasting about
Vaiton L Jones In AGARD Escape Pucibi. and Merroeuvrses in 400 mi. The subject was fitted with transducer mounrt& on theICombat Aircraft Feb. 1974 6 p (For availability set N74-20766 top of the heod: mouth; and base of the neck. These mournts

were rigidly attached to the anatomy and photographic targets
A technical evaluation of the pitpers presented at a conference were attached to each mount, with two targets separated by

uri escape systerms for helicopters arid V/STOL aircraft vias made several rinches attached to the neck mount. Author
The subjects discussed include the following i1l broengineerIng
aspects of spinal injury during election, (2) aerodnrramic forcris
acting on crewman during ascape, 03 optrotional practicality of

fly away election seats, (41 helicopter survivability requirements.
(51 ejection experience from V/STOL aircraft, and (tl) research
projects involving esaope Arid retrieval systems. Author N74-20751 Aerospace Medical Research Labs.. Wright-Patterson

I. AFB, Ohio.
AN A8598ISi NT OF AERODYNAMIC FORCES ACTING

f. ON THE CRE WMAN DURING ESCAPE
James W. Brinkley and Peter Fl. Patine iPayne, Inc., Annapolis)

N74-2070.1 Bureau of Medicine arid Surgery. Washirngtonr. hir AGFIAD Escape Probi. and Manaeuvrest In Combat Aircraft
0 C Feb. 1974 tW p refs (For availability see N74-20756 '12-05)SPECIFIC BIOMEDICAL ISSUES IN THE ESCAPE PHASE The results of analytical andI experimental research er.
OF AIR COMSAT MtISHAPS DURING SOUTHEAST ASIA comPltihed to determine the magnitude of the aerodynamic forcesOPEORATIONS acting on the crewman during emergency escape atre summatried
Robert E Kinnamnrar Jr . Martirn G Every tilioTaotrnoiogy, Inc.. The work has been directed toward the definition of the
Fails Church. Va.). and Jamesi F Parker. Jr lflioTechrroligy, Inc . mechanisms of aerodynamic flail injury end the acquisition of
Fails Church. Val /0h AGARO Escapje Probl anrt Menioeuyvrs data rerquired for the development of protective countermeasures
in Conmbat Aircraft Feb 1974 7 p rats (For availaibility see The results of a study ot noncombat election euperlernce within
N74-20756 12-051 the U S. Air Force during thu period of 1984 to 11972 are also

Escape and resoutt date were collected fronm Navy airnmen reviewed. This study was conducted io identify injuries attributed
downed over Sourtheast Asia in ordor to isolaite siijnifiirert to marodynamirri loads and to statistically describe the Probability
biornedical problems aslsocmited witfh the combat mishap Subjects of these Injuries as a furnoticir of aircraft speed at the time of
consisted of navel aviators flying frxed-wing let aircraft who wereo ejection. Wind tunnel esperimenta are doacribed whict" werer
forced to elect as a direct result of enemy action Orrs hrundredi conducted to nreayure the forces acting an body filgroktent using
end fifteern snirvivoin of such an occurrence were located and voiunrteer human subjects. Both open ejection seat and tractor
administered an extensive qutastionnirrrrr covering thre oircum. rocket extraction egress systems weret studied. The dale collected
stances st-societod with ihe escape arid sit events prior to and troim these experiments includes whols body and body segment
during rescue Particular attention was given to tire adequacy of aerodynamic forces. Operational variables such as arm arnd leg
"escapei and rescue systems under Southreast Asia combat position end clothing were evaluated to dettermine their relative
cronditions. This paper deals with the analyses that were conducted effects orn the aerodynamic loads acting on the sublactnit limbs
in order to deterrinire specific cause rind effect relationships for Author
injuries incurred during the election photo of this avant
Conclusions of the study deal with the adequacy Of esca1pe
scquipmontt arid procerdures. under the conditions and stresses
Inherent in combat situations. Author

N74-20762 Naval Aerospace Recovery Facility. Eli Cenitro,
Calif
AEROMEDICAL RESEARCH AND EVALUATION SUPPORTI,.OF EXISTINO AND PROPOSED EISCAPIE AND RETRIEVALN74-20759 Nasal Aerospace Medioal ftssearch Lob.. New SYSTEMS AT THI NAVAL AEROSPACE RE1111COVERYOrleans. La FACILITY

SIOEINGINEERING ASPECTS OF SPINAL INJURY IN THE Donald H. Reid Int AGARD Escape Probi. and Manostuvres in05V- I(MOHAWK) AIRCRAFT Combat Aircraft Feb. 1974 S p reta (For availability see
Channing L. Ewing anid Daniel J. Thomas In AGAIIO Escape N74-20156 12.05)
Probi and Manoeuvres in Combat Aircraft Feb 1974 9 p A research facility for coirductinig physiological rosaerch
rtae (For availability soe N74-20755 12-05) with parachrutishs and for Investigating faridware system/humnan
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performance Interface problems is described The objective of from helicopters and V/ST0L aircraft are discussed Thailimlitations
the research projiects has been to contribute data which art of existIng election goals fot such applications are defined. The
needed by the engineering disciplines In designing end developing desirability of d display device for indicating safe ejection
now generation iatardetion arid recovery systemse which ate conditions to the crew members 14 expressed The research
acceptable from this human engineering standpoint. Specific projects which have been conducted in an effort to develop a
programs Ini human tactors engineering of emergency equipment more satisfactory election system are reported Author
for aIr crew use are reported Author

N74-20767 NvlAir Syetarris Comrmandj.Washington. 0C

N74.207S3 Air Force Plight Dynamics Lab. Wright- Patterson MENTS
AIFB, Ohio. T Stephen Meek In AGARD Escape Probi. and Manomiuvies
OPERATIONAL PRACTICALITY OF FLY AWAY EJECTION in Combat Aircraft Feb. 11974 6 p ref (For availebrility see
BRATS N74-20756 12.05)
Ff. Harley Walker, Jr. in AGARO Escape Probi. and Manoeuvre, Current provisions for countering helicopter in-flight emergon.
in Combat Airttaft Feb. 1974 15 p refs (For availability cooe r icse ndteriaeuce aentd oess

IN7-05 th 1ners2 f mrvigte urnt5cpers the need for Improved helicopter occupant survivabilty, a rk 'low
in ts iterst f imrovng he urret vcap/tocutis pressnted of U. S. Navy, Marnire Corps and Army helicopter

capability, a concept which provides the electee with Increased fetal accident data. Analysed of theme data have identified the
time available for rescue by sllowing him to remain airborne survival mechanisms which could have prevented theme faetlitlee..
out of arflall arms fire rang* and to fly with a high degree of Practiceble combinations of those, survival mecrhonleme -(I Imaneuverability to a more secure, accessible area for lendinrg emergency In-flight egress, i2l imprcrvad crash Imnpact protection.
and pickup Is being Investigated. This advanced Crew Escape (3) Improved fire protection and (41 improved flotation -could
and Rescue Capability. AERCAII, system provides the aircrawman hasave yrted more then 90 percent of the fatalities oanlyied
with a seconrdary flight vehicle capable of gaining or mraintaining over a 17 year period. Author
altitude and perthits him to emiliet In his own rescue by navigating
over a limited range at a specified cruise speed out of the
hostile terget area toward predetermined safe sites where
terminal pickup by friendly forces can be made with the leeet
jeopardy. Thus, the AIERCAB or fly away election system Is a
new dimension in airborne escape. An e~osseament af the potential N74-20768 Army AeramadicalFltaRsearh Lab. Fort Rlucker,
operational practicallty and effectiveness of the AEFICAB systemn Ala.
is presented. The advantages and disadvantages of the fly away PARACHUTE ESCAPE PROM HELICOPTERS
escape concept In the operational environrrernt are discussed William P. Bohan* In AGAND Escape Probi. and Msnoieuvrom
including any penalties Imposed on the tactical aircraft end in Combat Aircraft Feb. 1974 3 13 refs (For availability see
missions. The probability of rescue Is shown to be improved N74-20758 12-05)
with an AERCAS tystem. Thes appiroach for determining the A series of parachute jumps were made from an uautortating
effective cost of a deployed AIERCAS system io disoussed, helicopter, The exit and sepetration of the parachutist from the

Author helicopter were docurnoeited by 16mm mnotion pictures taken at
32 frames per second with a motion picture camera and by
3tfmm slides taken four frames per second by a motorixed Nikon
camnera. The photo platform was a chase helicopter flying precise
formation with the jump helicopter. Dota ward obtained with

N74-20764 aylýtForce Inst. of Aviation Medicine, frame by frame analysis of tOrd motion pictures measuring the
Fatnborough (England). dietarces separating the parachutist from a reference puint ont
EJECTION EXPER11IENCEI FROM VTOL MILITARY A11111 the helicopter. The distanco from the most anterior portion of
CRAFT the nose to the most posterior portion of the tail boom of the
0. C. Reader /it AOAID hEsape Ptobl. and Mancouvres in jump helicopter was used as a reference length. Approximate
Combat Aircraft Feb. 1974 3 p (For availiability son N 74-20756 rates of descent of the jump helicopter during lost were estabisehed
12.05) using the vertical speed Indicator aboard the jump helicoplte.

A statistical analysis of elections from the Harrier aircraft is Precise rote of descent at the moment of parachiutist exit was
presented. The data are conrtained In a table which describes dletermined using a recording radar altimeter which providee
the conditions for the fourteen successful and four fatal ejections precise altitude informetion above ground level. Author
on record. It Is stated that the majority of the elections occurred
at low speert and tow altitude with the aircraft sinking and/or
banked. Author

N74-20756 Royal Air Forces Inst. of Aviation Medicine,
N74.07. loyl Ai Foce nst f Aiaton MdicneFarnborough (England).

aNb4-r0uy1r longl Adir oc ato vito oi,6 HUMAN FACTORS ASPECTS OF IN.FLIGNT11ESCAPE FROMCLARANCEogi OF JETIN PTHSYTHEUS O HELICOPTERIS
CLIKFIA CII F EECTIN PTH B TH UBEOF . C, Roeader lIn AGARD Escape Probi. arid Moenoeuvres inEX'L.OSIVO CORD Combat Aircraft Feb. 1974 4 p refs (For availability sea

A. J. Garwood /it AGARD Lscaps Probi. end Mancoeovres in N42701-5
Combat Aircraft Feb. 1974 a p (For availability see N74-20756 A7.05 reiwo1 teacdetsaisisfomgisheiotr
12-05) users of the NATO forces has shown that thelicopter operations

The use of miniature detonating cord [MDCI for removing impose a greater risk to their crews compared with fixed-wingj
an aircraft canopy prior to ejection is discustrad. The design of aircraft. Cost analyst@ have shown thet the crew cost more to
the MDC and the Installation on specific aircraft are described replace than their aircraft. Thus, it Is considered that a strong
The main points In favor of usirng MVDC are: f 1) it rapidly cisers cese exists for in-flight escaipe from helicopters. Some human
the ejection path, (2) it breaks the central area ot the canopy factors to be considered when designing such a system are
into small fragments thus avoiding major impact on oiectinti deaniribed, Human tolerance to acceleaetion. egress path
craw members, arid (31 ail uanopy debris flies outward. Aulthur requirements. canter of gravity data, restraint and parachute

rsqulremontn. bloast, noiese, fragmentation and toxic thazards. and

N74-076 Noel ir Dvelpmet Cnter Waminter Pavision arid egress time requirenrents are discussed. Author

Crew systemsa Dept. N74-20770 Itiatitut fuer Flugmechanilk. Brunswick IWest
ADVANCED CONCEPT~S POR ROTARY WING AND V/GTOL Germany).
AIRCRAFT ESCAPE SYSTEMS ESICAPE MEASURES FOR COMBAT HELICOPTER CREkWS
William G. Law lIn AGARD Eistiops Probi and Manoeruvres1,
Combat Aircraft Feb. 1974 5 p refs lFor aveliebilisy see H. D Malgig and U. Schmidt /ii AGARD Escape Probl and
N74.20756 12-05) Moaneuvre, in Combat Aircraft Feb. 1974 11 p refs (For

The reqtireaments for ejection seats to provide safe egress avalasbility see N74-207f36 1 2051
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Flight-control malfunction. loss of control, lost of main or N761059 Avor ou frAespeRsarh nd
taIl rotor. mid-sit c~ollision, Illrs exrplohion and transmission Development, Paris lFerance).
free ielip ocrur relatively often arnd cause onmergency conditions AICATFaE FTwhich can not be followed by an auto-totatlorr landing. Together Oct. 1975 330 p Partly in ENGLISH, partly in FRENCH
with a very high percentage of pilot error as the responsible Presented at the 45th Meeting of the AGARD Propulsion and
raason for the emergency slidc the operational rcr'uiremerrls rot Ernergetics Panel, Rome. 7-1t Apr. 1975
combat helicopters with low altitude and ripeed. in a relatively IAGARD-CP-lfS6i Avail. NTIS HC 610.00

highnunberof acidnt alltie cold hve nlybeenavodedFries. toxic, arid explobion haaards associated with virorafthiy inumbrs of aiccapen fatalties Altoul h thae toclybeeogavofideddelete arid firest are reviewed. Specific areas discussed incitede
cal ..ble escape systems is highly developed. itit application to a prevention techniques; the Impact of changes in fuel specifications
hailcapte' causiers great difficulties because of vile rotating blades oil aircraft firs safety. and evalluation of lottet rclnictuere for flame
A comparative analysis is mnadir for the different mories of irropolatleione end extinguisrhmenrt. Artual miri~dlr icurdents are
diowrnward, sideward. fowarri anti upward electron or extrac~tion also reviewed and analyied. For iniivrih.ii letitirs. Live N76* 14060

I,, ~ii correlation to thre expected percentage of rescue6 frorri thkirriij N76. 14007
4 emergencies and a number of other factors. like development

cost end time, reliability, human tuilerance, fidaptability for N7§-14060 Royal Aircraft Establishment. Farnbocrough (England).
retrofit and ot'.-i5 Author Materials Dept.

SAFETY PUEL RESEARCH IN THE UNITED KINGDOM
A. E. Miller fit AGARD Aircraftf rho Safety Oct. 1976 tO p
refs (For availability see N7tI-t401u9 05-03)V Aircraft fuels which resist lfie in a crash are Investigated.N' -20771 Army Aernomedhial Ressearch Lab. Fort Rucker, Emphasis Is placed on polymeric additives which prevent fuel

All. mist condition. At 0.3% concentration fthese additives prevenItARMY AUTOROCTATIONAL ACCIDENTS kerosene fires under realistic crash conditions with both flame
AI3ARO E it, ;'robl. and Mantoeuvres in Combat aircraft Feb. eusoagv ofr eitnei hs et.Mtoso
11974 10 p. (For availability oate N74-20756 12-05) introduocing the additives and tire Possible extenrt of water

Astudy reviewing autorotatiOn accidants was initiated to compatibility and filtration problems are discussed. Author
suhaccidents The yoioAm.frfsa ears 1970 through

1972. Was revieweod rnd,.a total of 790 accidents. or 42.3% of
all accidents, were of the sijiuictaiional type. They accounted N7$14051 Southwest Research Inst. Son Antonio, Tax. US
for over 69 million dollars in alicraft di ."tro. 07 aircrew fatalities Army Fuels arid Lubricants Research Lab.
and 682 airorew injuries. Of these' 10. crdr.. won STATUS OF RESEARCH ON ANTIMISIT AIRCRAFT
determined that persornnel error alone accounted for 32.7%'of1' TURBINE EfIN4111111 FURL* IN THE UNITED STATES
the accidenita. while material failure alone accounted for 31.4%. W. Li. Wvitatfrercrd, In and Il. R. Wright In AGARD Aircraft
Of the remaining accidents (35.9%). 0if% were attributed !ce a Fire Safety Oct. 11175 1k p ref. (For availability too NIS- 14050
combination of personnel error end imaterial failure, while the 05,031
remaining 15% were attributed ro other caiusative foctota. Thouugfh The physical, compatibility. and fire safety characteristics of
the tolat number and rate of rotary wing accidents was four' . fuel blends contairing ptoiymeric antimist agents are discussed
to be udeclinirng over the time for frame considered. the, number In terms of reducing lihe frequency of in-flight and postcerash
of autarotation accidents attributed solely to personnel error was aircraft firesf. The ospaiimental bentch andi larger scale evaiuation
found to be on the Increase, with fiscal year 1972 approxislmtslt procedures used and the experlimnital results obtainad with saveant
10% higher then 1910 The study also reviews autorot, .-.i polymeriu antimist additives are derscribledl Both fire safety and
sacdwridstIn liighti of total accidents, rates, geographical wareasi, systems compotihifity characteristics and problems are Included.
aircraft, coat, fatalities, Aind injuries. It also provides iir-oul data Projections are made regarding the future direction of research
with regard to the reduction of certain parameters. Author rim such ontiintist aircrraft turbine fuels. Author

N76.14OSl National Research Council of Canada. Ottawa
(Ontaerr). Fuels and lubricants Lab.

N74-20772 Navel Air Developmerntn Center, Warminster. Pa. WIDEI-CUT VERSUS 111FROXIENE FUELI r FIRE SAFETY AND
IN-FLIGHT ESCAPE SYSTEM FOR HEAVY HELICOPTERS OTHER OPERATIONAL ASPECTS

R. B. Whyte and L, Gkrdner dIn AGARD Aircraft Fire Safety
William Ogdeni and Gary Davis (Novel A'. Systems Comnisridl Oct. 1975 20 p rats (For availability isee N76-140159 05-03)
in AGAHO Escape Probl and Manoieuvrins in Cor,;bat Aircraft The relationships between fuel properties and safety and
Fob. 1974 9 p seft (For availability see N74-20756 12-051 aircraft operation are suimmarized. The aspeifications are compared

The design and development -1 a helicopter escape and for wide-cut aird kerose~ne type fuels with emphasis on tirea
personnel survival system li-EPS) lire discussed The systemi properties which can stract uperation end safety. The dliffereonce
contains four primary functions (ll in flight escape, (2) crash If% volatility nrid effects on% ignition. winorbustion, and oxpjlosion
impact energy attenuation. (3) fuel fire suppression. and (4) ore discussed as well as other properties (fluidity, cleanliness,
Flotation. The configur..tion of fle system Is illustrated. Rasults and vapor release) which can effect aircraft operations Groe~nd
of flight tesrts e-re reported. Author operations (handling. maintenance end engine starting) etil

flight operations (fire hattard, angina relight, fuel systemi itrinr
and fraosing, range and payload) are considered. ft is concluded
that, provided all necessary precautionrs are diligently enforced
the risks Inivolved in uslirlO wide-range fuel stei at worst only
marginally greeter titan with kerooane. Autitor

11171111310421j Advisory Group for AW0rou1IsC"I Haessearci mild
g Development. Paris threncel)

STORE SEPARATION
1 H-I "ihindel (Navel Surfae Weapons Centel, Silver Spring. N7I-14063 Royal Aircraft Esiablishinrerrt. Farnbiorough (Englanid)
Mdi) Jun 1975 109 p refs SYSTEMS PROBLEMS ASSOCIATEO WIIH THE USE OF
IAGARD.AG.-202. AGAR~ograph-2U21 Avail: NTIS l4C $5.25 SAFETY FUELS

Tfiit AUAlt~ogiopfr is a systemnatic collection of experimental A H Walsh. L A. 'rirnby. ani 1). .1. Rt Robrinson lIn AGARD
results for usit by engineersa and deasigners, limited tn eatarrially Aircraft Fire Sefety Oct. 1975 1. v lFor availability sea
nrerried. uripowered. unguided stores. in the sections dealing with Niftl14059 06i 031
$tore trelectolirs. the phvysical situatioir is described, the method Thin prirforriranu of componrents let aircraft fuelt systemis is
of solutioir is indicated. and the final results are tpresented. irivestluatod wiiar usirng crtcfr-firs-resistant anrimistirig aircraft
lEmphasis is on sloets rmotion in fravoaririg the parent aircraft fuels. Tire effeectt thai thv systanra [rans on the fueis is also

flowiel. wih citera ti ste spartionari metodsof onsidered, It is looilrr tfhat the liss of safety fuels could result
calciulating tiight path. Wrndtunnal lest lachniqires, are described, it- a continual rdegradation of their ciush-fire-rasiaterrt properties.
and sonmr infIrtmaticir on flight testing Is given. Analytical lire degradatioin iii the mrajor comnponenrts of the system is
treatrrent is compared with flight and tunnol 111111,lts. There art mreasured and the results sar used to program a comiputer study
brief mentions of ejection systems and tire effect of stores on to predicit thre slate of tile lust remaining in tire aircraft on
cmiii jll pli lot rrrir(:sr Author lanrding followingri a frill range fiighrt. Authior
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03 AIR TRANSPORTATION AND SAFETYt

N76-14064 Societe Nationals Industrielte Aerospatiale 7ou~ous. N74-114068 Societe Nationals indlustrialls Aerospatiale. Surgeries(Prance) (France)
IGNITION PROOFING OF FUEL TANKS [INERTAGE 0ES CABIN FINIS1HING MATERIAL& IN CIVIL PASSENGERRESERVOIRS 0E CARISURANT1 AIRCRAFT [LES IMATVIRIAUX D'INTERIEUR CANINE DANSGeorges Frechor, /fi AGARD Aircraft Fire Safety Oct 197Lt LES AVIONS DE TRANSPORT CIVILI]7 p Iii FREINCH (For availaiiblty tiee N76-14059 05-031 Andre Wiavy In AGARD Aircraft Fire Safety Oct 1975 3 pThe following topics were discussed 11) caumas of tires and In FRENCH (For availability son N76- 14059 05-03)flammability of fuels. (2) precau~tionn taken to reduce the risks A review of the various types of cabin finishing maferiatsanrid till resultring problerns fur thv aircraft designers in view of used Inside civil passenger aircraft arrd their propertie3 Wasttile suer morni strirngient competitive raqiiir-Irnentu withinr the prasentedi. with special focus on their flanimability and generatiornaviation industry. (31 thu advantageof itgrit ion proofing fuel tanks, ot toxic fumes when aet fire. Th-i following facts wairis sumnmaritddIt in shonor tl111t on, eftecrive way to igiitiorr proof futut tanks is (1l materials from whichi fires may be easily eslingulshed generallyto 'edUCir tire porcuisatlnr 3f oxygernr in ti-s gaseous mixture above emit mrore smoke. (2) firs-proof miateriats often emit toxic furner,.tilefirst. since~n this mirxture wilt riot be explosive if tira oxygen (3) cotrbuatinir of thesc nilater~nisls diie to their self-extinguishingpercentage 1, belriw 9 or 10% This however requires thidt the properties, result in oaygen depletion and carbon moinoxidefuet tanks be pressurized to prevent outside err from entering formation, the primary cau.e of intoxication. Ins primary, emphasisaird, furihthaiora. that the gasas dissoh-ed in the fuel should should be pieced on rapid eutiriguishing of any Incipient firecvrillain lese thanir0 oxygori itwas connrudad that the resultirng Y J.A.design arid operational problerniriid nutnt outweright the expecteid
benefits Y J.A. N76.14059* Nauional Aironouticsaend Space Admrirnistration

Ames Research Cunter, Moffatt Field. Calif.N19,114006 SOcistrr Illtorlchnlque, Plaislr (France)FIEDN MC OF O ER ARRFT RMAIGNITION PROOFING OF FUEL TANKS WITH OXYGEN. FITRE AL DYNA ICSOF MODE RNARRFWFODEFICIENT AIR OBTAINED BY DIFFUSION THROUGH A JonAT.IL POrkIN Oeetiu V .IEW idRchr .Fih n
ISERVI-PRMEI ARS RE811ANT iS JIRl LAI s APURe. William J. Gliweer, Jr. In AGARU Aircraft Fire Safety OctSERV111111111DIECARURAN AVC DE VIM PPAVRI1975 11 p refs (For availability see N76- 14059 06-03)EN OXYGENE. PAR IPERMEATION1 A general approach for selecting polymers to increase fireJearn Tugaey /ir AGARD Aircraft Fire tafety Oct. 19765 p safety in aircraft Is described. It is shown that polymet flammnablityIn FRENCH fFor availability see N76,114069 05-031 and thermal protectiorn capability are reaiede to the molecularTire possibifity of tising oxygun- deficient air in the Ignition structure of the polymer end Its rhsrrnscchomical propertias. Themeproofing of fuel tanks was sucnzessfisllh tested in the laboratory. criteria are used to develop advanced firs-resiatant materials whichThe oxygrrrr-reficrarit air is obtained by diffusing err undier pressure carn achieve Increased survivability In both poet-crash and irn-flightthrough, a speciai synrthstirr semi-permesable membrane 0.2 micron frs h ereo iehreigo aeil eed ral

thic. sppotod y aporus pateof he sme ateialon the available heat load and fire threat present. It Is shrown0.2 ririrn thirck. fleoendrug on the temrperature, oxygen will diffuse that Improverments in fire safety can be achieved by the use oftwo or threev times more rapidly through such a syrstem than plmr ossigcranbsctrrohmolprmtr
ritrogen High pressure air containred within such a system Wilt such @a high char yield. Authortherefore buconre nxygenidletlcierrt A practical airworthy system

urtizing this conciupt inside fulustlinks must Include tfre following
systems. heat eihsit~gers. auxiliaryf air compressor, and fuef
deoxygenating device 'rho proposed system would be primarily N76-14070 Royal Netherlands Aircraft Factories Fokker,
adviirrtngaois on uIrLialt u',dergoing a large number of landings Schiphot.Oost. Jr. Engineer Materials and Processes Group.
and iakeof In between relueltingm. since It would then bc tighter CRITICAL EVALUATION OF tODAY8 FIREPROOF TESTINGari luu ulk tan syte usrr liuidnirogn. Y.JA.OF AEROSPACE MATERIALS

V li les buky hana sytemusig liuidnitogen Y..A.L. M. Godfrled In AGARD Aircraft Fire Safety Oct. 1975
tW p (Fur availablitfy see N76-140159 05-03)

N76-406 Nalorel teiearh Cuncl o Caada OtawaforThe usefulriess of the requirearrsslt and methods of testsN76-406 Naionl Flpeoch ounil f Caada Otewsforthe judgement of materials or materials combinations Inl~rsarol uel ed L~brcane Lb.aerospace vehicle applination Is discussed. It is shown that theFLAME PiROPaAGATION IN AIRCRAFT VkNT SYSTEMS application, test requirementa. and test methods criteria forDURING RESFUELLING meetatial sometimea provide usuestlonnable lire safety. AuthorL. Gardner arnd J. K S. Wong In AGARD Aircreft Fire Safety
Oct 1976 9 P rats (For availablirty sea N76-14089 08-03)Air inivestigation w.as made to determine If ignition at the N76-14071 Conmmisasriat a l'Energie Atornique, Toulousefuel sistruriom nt boa ofm a arge commercial airrorifts during refuelling (France).coulid result in flamr propagutlon through the venlt syastrl and MEASUREMENT AND ANALYSIS OF SMOKE AND TOXIC
Cause err euplosiorn inside oria of tire fust tanka. Tire program GAMES RESULTING FROM THE COMBUSTION OFw rir iitiated as the result of an ii~plosici durring a commercial AIRCRAFT CABIN FINISHING MATERIALS IMEBURE DESralurtlring arid was confined to irvestigating the type of sertes FUMEES ET ANALYSE DES GAZ TOXIQUES PROVOGUIESof aircraft rirvolved utilizing a simulation of pait of the venrt PAR LA COMBUSTION DES MATERIAUX D'AIMENAGE.sYstern leadring to tire tank where the explosion originated. The MINT DE CANINE DAVIONJ
abilitV Of the 1f01M, to propagate was demonstrated using wide-out .J. Aurainet In AGARD Aircraft Fire Safinty Oct. 1976 t2 pfuel and a 50/6 rmoulue of wride-cut fuel and kerosene. No In FRENCH (For avilbliy.e N78-14059 05-03)
prOpe'jetiro occurred with- kerosene nor with widil-cut fuel that The result, of studies and research on the combustion ofhad lost 5% of its tight endis. Flame propagation and explosiorn aircraft cabin finishing materical end the resufting amokeintensity were found ti despend on miuture temrperature. fuet/riir generation and production of toxic games were reported. Resultsratio, mrxture flow vctoncrty, and oxygen content of the air of tests meesuring the conmcentrat ion of the various goeas* resulting

Author from the combustion of these maetrials were first presented.
based on burning small samples under controlled oconditions. Neal.
a near full-size mockup of a simulated aircraft cabin section.N76-14067 F-alcorr Research and Development Co.. Denver. dilvided into passenger and freight emotions by a horizontal floor.Colo. wee constructed and instrumented for more realistic combustionDYNAMIC MODELING OF AIRCRAFT FUEL TANK ENVI- testsa. This mockup was equipped with ventilation, safety, fireRONMENT11 AND VULNERABILITY exttringuishing. heat Protecton,11 Dressurtzotion. lighting, andLyettle Mathood In AGARD Aircraft Fire Safety Oct. 1976 chemical analysis systems. Preliminary tesls were undertaken9 p refs llcnr availability see N7fi-14059 05.031 with this nmockup and were reported. Y.J.A.Thes oviionwents. hazards, and vulinerability of regions

adjacent to and within aircraft fust tanks are discrissed along
with thle importansce anti difficulties of dievelopinrg fuel tanrk
environment modelsa to assess aircraft comibat vulnerability and
operating safety Various approaches to modeling thre fiainiabllity N76-14072 Royal Aircraft Establishment. Farnborough (Erglandiý
of the utiage of en aircraft fuel tank are described. Examplues Materials Dept.
arb given) to fillustrate various ways that Hniliamic effects radically SOMIE ASPECTS OF SMOKE AND FUME EVOLUI ION FROMal-ter equilibriunr vapor conditionrs in the utlage The mthilfod of OVERHEATED NON-METALLIC M~ATERIALS
applyirrg the fuel tank irilage envi~rinmerrt moid3i to cornputerizedl A. J. Christopher In AGAIRD Aircraft Fire Safety Oct. 1975
airceft vutnorabiiitv programs is described. Author 12 p rats (For availability see N76- 14059 06-031

46



03 AIR TRANSPORTATION AND SAFETY

A dynamic system for assessing tho smoke and fume emission Aircraft fire protection under natural and hostile (combat)
characteristics of nonmetallic materials is described. A sample flight environment conditions is discussed. Achievement of fire
of the material under examination is heated from ambient to protection capability is dependent upon a knowledge of ignition.
500 C in a stream of air. The behavior of the msterial under flammability, and reaction severity .iiuteristlcs of the car.
in-flight electrical overheating conditions is simulated. Sample butible materials present and use of this knowledge in the
temperature, smoke density, and electrode response in a water design of the aircraft Specific areas discussed include, fire and
bubbler are monitured. Results obtained for various materials explosion hazard assessient (including fire sale fuels). fireare presented and discussed Author prevention design measures, advanced fire and oveiheat detection

systems, void space and dry bay firs suppfeslron techniques.
and fuel tank fire and explosion protection systems Author

N76-14073 Utah Univ.. Salt Lake City Flammability Research
Center N70-14078 British Aircraft Corp. Wartoni (England)
ANALYSIS OF THE PRODUCTS OF THERMAL DECOMPOSI- FIRE PROTECTION OF MILITARY AIRCRAFT"TION OF AN AROMATIC POLYAMIDE FABRIC USED AS John Vincent In AGARO Aircraft Fire Safety Oct. 1975 15 pAN AIRCRAFT INTERIOR MATERIAL (For availabilty see N76-14059 05-03)

I, N. Einhorn. 0. A. Chatfield. and R. W. Mickelson In AGARD The problems associated with 'classical' engine bay fire
Aircraft Fire Safety Oct. 1975 13 p rate (For availability see detectinn and suppression systems are examined along with
N76,t4069 05-03) airframe design constraints. The primary and secondary fire

The thermochemistry of an aromatic polyamide fabric used problem Is considered. Statistical evidence from modern war shows
in the interior of wide-bodied commercial jet aircraft was explored that the highest proportion of aircraft kills is due to primary andusing several analytlcal techniques. The principal emphasis was secondary fire. The application of possible fire suppressant
to identify the products resulting from pyrolysis. oxidative methods Is discussed, The current struutural and system design
degradation. and flaming combustion. The pyrolysis deia was philosophy Is questioned with respect to achieving improved fire
used to obtaiii a material balance between the elemental protection of military aircraft Author
composition of the original polymer and the degradationproducts. Author N76. 14079 Pis Univ. MItaly).

THE USE OF ROCKETS AGAINST CRASH FIRES IN
N76-14074 Princeton Unlv.. NJ Guggenheim Labs. AIRPORT AREAS
FLAME SPREADING ACROSS MATIRIALS: A REVIEW M. Andranucol In AGARD Aircraft Fire Safety Oct. 1975
OF FUNDAMENTAL PROCESIE1 12 p refs (For availability see N78. 14059 06-03)
William A. Sirignano In AGARD Airctaft Fire Safety Oct. The use of rockets Is proposed as a means of fighting crash
1975 12 p refs (For availability see N76814059 05-03) fires, due to their quickness, easy operation, arid ability to reach

A critical review of the existing researches on flame spread sites not readily accessible by other meanr. Possible vehlcle
above solid combastilble materials is given, both theory and configurations are discussed along with system operating modes.
experiment ara considered Special attention is given to the Details are given of a simulation study, intended for providing
determination of the rate-controlling mechanism for energy the major specifications for the system components pnrformance
transfer ahead of the flame and therefore to the deterinination with respect to efficacy, reliability, and safety requirements. Cost
of the flame spreading rate. the mechanism could be either factors are considered. Author
gee-phase conduction, radiation, gas-phase convection, or some
combination of the&e Important factors discussed include: natural N76-1400 DOeutluche Forschunge- und Versuchsanstalt fuer
convective flows. orientation of the direction of flame spread Luft. und Raumfrthit Porn fWast Germany).
wilth respect to gravity, thickness of the burning material, and FIRE FIGHTING AGENTS FOR LARGE AIRCRAFT FUEL
the values of the conductivity, diffusivities, heats of reaction FIRES
and pyrolysis, chemical kinetic constants, and ambient oxygen R. Fiala and K. Dusan In AGARD Aircraft Fire Safety Oct.
concentration. it Is Indicated how changes In these factors can 1915 10 p rats (For availability see N76.14059 05.03)
produce changes in the rate.controlling mechanism. Author For a critical evaiLiation of the properties of the different

types of agents experiments were carried out using standardized
i NTE-14075 Deutsche Forechungs. und Vnsruoheanstalt fuer small and large fuel fires (4 sq m and 200 sq m). The timeN7Lu1.07n Ra GUiahr Porschungs uWd G eorumhr until extinguishment occured enld the amount of agent needed,Luft- und T rPPlaihriIT Porz West GerInany) were measured. Additionally, ttre time which, after a deliberate
ON THE APPLICABILITY OF RETICULATED FOAMS FOR rslgnitlon, elapsed until the whole fuel surface was on fire again.
THE SUPPRESSION OF FUEL TANK EXPLOSIONSBwsmaue.Rsls r icse.AtoA Fiala. K. Duses, and G. Winterfeld In AGARD Aircraft Fire Was measured. Results are discussed. Author
Safety Oct. 1975 12 p rots (Fur availability sea N76-1405905.03) N76-140E1 Joint Fire Research Otganieation, Borehem Wood

The flame suppression properties of polyurethane foams with (England). Extinction Section
varying cell sits were studied by means of a flame tube and an THE EXTINCTION OF AIRCRAFT CRASH FIRES
explosion vassel. Results on tre thicknese, of the foam layer P Nash rit AGARD Aircraft Fire Safety Oct. 1975 13 p
necessary for flarri quenching are given, depending on pore refs (For availability see N76-14059 05-03)
sie, fuel-air ratio, arid onr pressure. The behavior of reticulated The problems are discussed of the aircraft crash fire, Including"foam during explosion in u closed vessel is discussed, as well the difficulty of arrival of the fire-fighting services in time to
as its mechanical behavior. Concluions with respect to the save life The different fire fighting agents available are appraised.
application of foam structures in tanks are presented Author Fire fighting foams are shown to be the only satisfactory primary

fire fighting agents for major crash fire use. The research and
N6-140"?8 Royal Aircraft Establishrmerrt, Farrborourjh(Englairdi development of foxim liquids and the means used to assess
l Engineering Physics Dept. their pertormance ere discussed In terms of the physical propertiesFIRE PROTECTION OF FUEL SYSTEMS IN COMBAT of Ihe fnam liquid. The development of foam mlkiqud euepmentAIRCRAFT and appliances in order to put the foam liquid to best use to
J. A MacDonald and H W G. Wyeth lip AGARD Aircraft Firs meet the operational requfremnrit is examined. Author
Safety Oct. 1975 15 p rof (For availability see N78-14059
05-03)

The conditions which effect fire and expjlosion probability N75-14082 Federal Aviation Administration, Atlantic City, N.J.
within aircraft fuel tanks and surrounding bays are examined CHARACTERISTICS OF HALON 1301 DISPENSING
Particular attention ii; given to the effect of fuel type. target SYSTEMS FOR AIRCRAFT CABIN FIRE PROTECTION
construction, and other snvironmental conditions. From a Constantine P. Sarkos In AGARD Aircraft Fire Safety Oct
knowledge of the physical effects following proJictile attack. 1976 1t p refs (For availability see N76-14059 05-03)systems are suggested which could ilignificantly reduce the risk A cabin fire protectror system using Helon 1301. en
of fire end explosion Author extinguishing agent previously tested and shown to be effective

in suppressing nod controlling fires in a simulated transport cabin
N70-14077 Air Force Aero Propulsion Lab., Wright-Patterson section and a cargo compartment is investigated. Tests were
AFB, Ohio. Fuels and Lubricatiort Div conducted In an obsolete but completely furnished DC-7 passenger
AIRCRAFT FIRE PROTECTION TECHNOLOGY ocbin equipped with two cundidate Halen 1301 dlispenling
B. P Bottern In AGARD Aircraft Fire Safety Oct 1975 15 P systems: modular noirle and perfoiated tube Under no-fire
rsls (For availability see N76-14069 05-03) conditions, continuous measurements were made of the Helen
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03 AIR TRANSPORTATION AND SAFETY

'1301 concentration at approximaealy 20 locations; mossuremnents both cases, it wait concluded that fatalities were primarily caused
wore also made of temperature. note., pressure. end visltbllity, by intoxication resulting from the inhalation of carbon moiroxido
The modular nottle system was Judged to be beat by virtue of and highly acidic toxic vapor* such as chlorhydriu acid and
Its producing more rapid and effective agent distribution resulting cyanhydric acid originating in the combustion of cabin finishing
in greater potential fire protection capability. Melon 1301 was materials. Y.J.A.
found to rapidly pertmeate all cabin airspaces. Including those
shielded from the discharge streamlines Author

N76-14063 Karlsiuhe Univ (West Germany) N76.29187# Advisurv Group lot Aeiotipaco FResearch arid
A LABORATORY TEST METHOD OF EVALUATING THE Development. Paris thiencel
EXTINGUISHING EFFICIENCY OF DAY POWDERS ADVANCED TECHNIQUES IN CRASH IMPACT PROTEC.IiPaul a Seeger In AGARD Aircraft Fire Safety Oct 1976 TION AND E~MERGENCY EnRESS FROM AI" TRANSPORT
9 p rafs (For availability usee N76-14059 05-03) AIRCRAFT

The laboratory test method of evaluating the estinguishinig R Gi. Snyder (Michiganr Univ. Ann Aitrrit Juni 1976 320 p
efficiency of dry powders is based on the burning velocity of a rets

-,laminer premised merthene-eir fleme. The dry powder being tested A GA HD-AG-22 1 AGAR~ograph-22 1, I SBN-92-935- 121899)
is fed Into the premised fuel gas-air flow by a vibrating shuts. Cotyright. Avail: NTIS asotacdnsThe powder particles reach the tost flameo and reduce the burning Arnilycis of till NATO member air trasotcien,

velocity more or less depending on their extinguishing efficimmncy. 11954- 197 5, reveaied that Injuries and fatalities, when such
The burning velocity Isi determined by the noagtae methad end information could be determined, were primarilyV due to the

shows that the square of the burning velocity Is a linear function to-ahipc.Ftr i rnpr eignac trnds werergevncyd
of the moes flow of the dry powdet fed into the fuei gas-air and 4pproxirriatsly 160C advanced crashImetadmreny
flow. The theoratical mninimumn value of the mass flow of the egress concepts. devices, and state-of-the-art techniques weto
drv powder necessary to extinguish the tast flame maoy be evaluated. These Inciuded occupant restraints. smoko hoods, aisie
determined by the elope of the streight tine. Author and egress, emergency lighting, passenger warning systems. escape

slides and devices. trest shields, high-energy srmargsncy egress
cysterme. and emergency inflight egress systems. It was c-onaloded

N76-14084 Pinket (I. Irvirng), Fairview Park, Ohio. that rear-leclng passenger seats, the NASA Amnre 121 l-.6 nub vt

DYNAMIC 1FFECTS IN THS SETTING OF AIRPLANE CRASH sub 45 mS6 sub tl airline nset, end the production sheimlahl smoke
PINES linod cart provide uignificantiy improved occupant protection. whiie
1. Irvino Pinket In AGARD Aircraft Fire Safety Oct. 1975 high-energy emergency eigroes syaterm; appear promising for

described. Factors considered Include: fuel spillage; movement inflight agrees are not yet Feasiblo, alithough technrically within
of spilled fuel to main Ignition sources: Propagation modes of the state-of-the-art. Ato

fire to the main spillange Ind the fuel tank opening. Some of
the main factors in the ignition and spread of fire ars illustrated

witFsor avalailn icty resee f full-scale 0irp03) futureb aicatAMrursactihedeooiprvras

N76-114095 Cranflied Ins%. of Technology (England).
FR.FUEL AND SURVIVAL: A STUDY OF TRANSPORT

AIRCRAFT ACCIDENTS, lImbO - 1974
AF.Taylor in AGARD Aircraft Fire Safety Oct. 1975 14 p

rf(Fravailability see N-76-`140159 06-03)
Accident surmmaries and reports ar, examined together with
exsigpapers on the various aspects of fire safety, then aim
ben opiece together a complete picture of the part fire has
ha ndetermining overall fatality rates in transport aircraft
ocisrt.Note is laken, of the sensitivity of tire fire death ratio

totenumber of high impact accidents with no chance of survival
an fhow this sensitivity may have cloudled some pilot

comparisoni between fuels of different volatility. It Is Indicated
taInpost Impact fires the higher volatility fuels, gasoline and
wiectgasoline. have been responsible for proportionately more

fiedeaths than hins tow volatility kerosine. thus confirming
predictions based on theory arid experiment. Author

N76-14086 Swissair. Zurich iSwitxerlendl.
PASSENGER AIRCRAFT CABIN FIRES
Willi Schurler In AGAIID Aircraft Fira Safety Oct 1975 5 p
(For availability see N76- 1401:9 05-03)

After a brief review of the established findings on the crash
of a Swissair Coronado CV-960A in W'mrentingen. Swititeriand.
on February 21, 1970. no analysis of the cabin fire preceding
the crash is given. Including origin of firei, Its propagation end
affects on the aircraft systeme. A method of establishment of
elevated local temperatures in cargo compartment end cabin by
means of uncommon fractures as found In the wreckage Is

I., described. The role played by the major aircraft systems Is
discussed, Furthermore, since the smoke siitrrading in cabin and
cockpit is considered the factor itendering the aircraft uncontrollable
under thin prevailintj conditions, the results of tests carried out
simulating the smoke conditions are given. Author

N76-140a7 Secretariat Geineral a 'Aviation Civile. Paris (France).I
CRAIII OF THE PP-VJZ AIRCRAFT [LACCIDENT DU
P. Gulllevic (In AGARtO Aircraft Fire Safety Oct. 1975 p
In FRENCH (For availability lsee N78- 14059 05-03)

The results of Investigations that followed tire crashes of
I two aircraft (a Caravelle in 1968 and a Boeing 707 In 1973)

following flires that started In rear washrooms were reported. In
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04 AIRCRAFT COMMUNICATIONS AND NAVIGATION

04 AIRCRAFT COMMUNICATIONS connection with planning loi research in aviation medicine The
former are based on body tissue temperature measurements,

AND NAVIGATION changes in oxygen tension, and elimination of metabolic Inert
dgit@ dvoice comunicaion with aircraft. air substances; the latter category includes plethysmography andhlciudesn digitel and voc olllncto iharrf:efflow meters O,0,

navigation systems [satellite arid •liomid based), and aii f"

traffic control Por related information see also 17 Spjacecraft
Corn ,frunication,. Coiutrtuiand anrd Tcrakihng and 32 Corrirniniric,

rir.s N74-33B39 Oslo Univ. (Norway). Human Adaptability
Section.
LOCAL EFFECTS OF ACCLIMATIZATION TO COLD IN

o fMAN
N74-33534# Advisory Group for Aerospace ReBearch and Bjorn Hllistromn In AGARD The Physiol. of Cold Weather
Development, Paris (Frericel. Survival Jun. 1974 p 

4 1 -51 rats (For availability ase N74.33534
THE PHYSIOLOGY OF COLD WEATHER SURVIVAL 23.04)
A. Sorg. ed. (Roy. Norweg, Air Force) and J. H. Veghte, ad, The mechanisms underlying focal manifeetations of cold
(AMRL, Wright.Patterson AFB, Ohio) Jun. 1974 99 p refs soolimatlustion are not fully known, but point to a central nervous
(AGARO-.R.20) Avail: NTIS HC $8.00 habituation to cold exposure. This primitive type of learning is

Physiological factors and emergency life sustaining measures characterized by a diminishing response upon repeated stimulation.
are outlined for aircrew survival In a cold winter region, For It Is common experience that tile discomfort caused by cold Is
individual titles, see N74-33535 through N74.33545. reduced by repeated or prolonged cold exposures There Is also

ample evidence that shivering is reduced with repealed cold
"exposures. These reductions of physiological reactions to cold

, OlUi r .upon repeated exposures to low ambient temperatures point{N74.-363| Oslo Univ. lNorway). towards a central nervous habituation as the main mechanism
THINMOOGNITIC ME4CHANIISMS INVOLVED IN MAN'l
FITNESS TO RESIST COLD EXPOKURE of cold acclimatization In man. Author
K. Lange Anderson In AGARD The Physiol. of Cold Weather
Survival Jun. 1274 p 1-6 raft (For availability see N74-33b34
23.04)

The main factor by which man's flitness to resist cold exposure N74-33540 Oslo Univ. (Norway). lina, of Work Physiology.
can be varied, appeara to be thermogenesis. The biological A PHYSIOLOGICAL COMPARISON OF THE PROTECTIVE
variation of SMR, shivering. a possible |on-shivering thermogen- VALUE OF NYLON AND WOOL IN A COLD ENVIRON.
nsis. and the maximal aerobic power is reviewed, SMit of an MINT
individual can vary with diet, general health, habitual physical Ksate Rodahl, Fredric A. Glare, Peer H. Stiff, and Bertlil Wedin
activity, as well as various environmental conditions, conceivably In AGARD The Physiol. of Cold Weather Survival Jun. 1974
including cold exposure. A definite inter- and Intre-individual p 53-57 refs (For availability see N74.33534 23-04)
variation in shivering threshold exists. Man's capability to raise Similar inner garments of nylon pile and of wool pile were
his metabolism in muscular exerclse Is an important pan of his compared In pireJd experiments at rest for one hour and during
fitness to resist cold exposure. This capability can be assessed two hours fairly strenuous physical activity (treadmill walking at
by measurement of maximal oxygen uptake. Maximal oxygen 100 m/men, 5% incline) followed by two hours rest in a climatic
uptake II Influenced by ale, sex, health, diet and habitual physical chamber at .20 C. Each subject served as his own control,
activity. Author participating In experiments using both types of experimental

garments. Under these cordiltions no significant difference could
be delecited between the two types of garmenltss In terms ofthermal Insulation, nor in the ability of the two typas of fabric

OlN74-333 Oslo Univ. (Norway). to allow free escape of moisture produced by sweating during
PERIPHERAL CIRCULATORY ADJUSTMENT TO COLD physical activity. Author
Jorin Krog In AGARD The Physiol. of Cold Weather Survival
Jun. 1974 p 7.15 rfts (For avallabrilty see N74-33534 23-04)

MeOscrements of blood circulation In the hands and faees
of Arotic people are corrpered with those on Norwegian
lumberjacks and city dwellers. Obtained data for time of onset
of vesodilhtion, amount of vasodilation, and pressure reaponsa N74-33541 Oslo Univ (Norway). Human Adaptability
following cold stimulation indicate that the greater tolerance to Section.
cold in Arctic people is due to arm adjustment of the vasomotor VIBRATION INJURIES AND COLD EXPOSURE
control in the ph.-rlpharsl tissus, In such a way that the initial Bjorn Hellatrom In AGARD The Physiol. of Cold Weather
vosoconstriction response is less severe and lasts shorter. G.G, Survival Jun. 1974 p 59-67 rets (For availability soe N74-33534

23-04)
N74-33537 Royal Norwegian Air Force. Oslo. The connection between cold exposure and trauRIti"ic
INTRODUCTION TO WINTER SURVIVAL vasospastic deasees is studied on fornet warktim who experience
Molf A. Grimsrud and Claus Moelbach-Thellessen In AGARD vasodllation of the fingers even in a very cold clmate environment.
The Physiol. of Cold Weather Survival Jun. 1974 p 17.23 Experimental rebults indicate that these workers achiave an
(For availability sea N74-33534 23-04) acol1msatiation to cold manifellsing itself by a lowered central

In winter man cannot stay in the open and expect to live temperlture threshold for cutansous vasodilation during exercise.
unless he is on the move. He needs a shelter of some kind Cold is the main trigger of vesospastic attacks. 0.0.
even If it is only a hole in the snow. It should be kept in mind
that a wind of 10 knots equals a fall in temperature of
approximately 30 deg calsius on the skin compared with that
sxperiegrced in quiet weather. The type of shelter to be built
will depend on: i1) tool% and material available; (2) snow
conditions; and 13) the length of time of expected residence in N74-33642 Aerospace Medical Research Labs . Wrighl-Patterson
that particular location. Alrcrew must remember to adjust their AFB. Ohio
clothing while working. Sweating should be avoided. Emergency COLD PHYSIOLOtIC STUDIES
signalling equipment should be readily available at all times and James H. Vaghto /In AGARD The Physiol. of Cold Weather
the camp site should be made as conspicuous se possible from Survival Jun. 1974 p 69-76 rsfs IFor availabliity see N74-33534
the air. Author 23-04)

A number of research studies are discussed in which human
physiological responses to cold have been monitored in evaluation

N74.33536 Oslo Univ. (Norway). of Insulating clothing and protective sheltering. Cold. as a strelnor,
METHODS IN CIRCULATORY RESEARCH can be overcome If amirciw members are educatLd that there is
John Krog In AGARD The Physlol. of Cold Weather Survival usually sufficient limo In a survival situation to meet srny cold
Jun. 1974 p 29-39 (For availability see N74-33534 23-04) Wt'Ses. iho importance of extremity protection, danger of C02

The principles of indlrect methods and direct methods for or CO poinoning in snow shelters, and loss of insulation because
determining human peripheral circulation are discussed In of moisture accumulation are paramount. Author
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N74-33543 Royal Naval Air Medical School, Hilihead Illngland). control is discussed in terms of human factora engineerinh. .
IMMERSION HYPOTHERMIA Concepts discussed Include: task changes and eutromnf,.
F. St. C. Golden I,1 AGAfiC The Physiol. of Cold Weather workload, quality of navigation aid, training, potentlanfy In-
Sarvivol Jun. 1074 p 77.90 reft (For availability see N74-33534 compatible aims, affects of automation on taok design. and
23-04) automation and communication F.0 S.

Human tharmoragulation in water, and the factors affecting
survival limes of the immersed victinm aea discussed in broad N76-32052 Messerschmitt-Boelkow-Blohm G~m.b.H.. Munich
dortail. The physiolorgical changes encountered in hypothermia lWest Germany).
are outlined and the associated signs and symp~toms discussed T14E FUTURE POSITION OF THE CONTROLL~ft
Some general advice on treatment is proposed, both from tire Klaus Brausor and Rtuediger Seifari /it AGARD A Survey of
first aid and curative stasndpoirnt. Author Modern Air Traffic Control. Vol 1 Jul 1975 p a3-74 refs

iFor availability see N75-32047 23-041
The problem of automation of ATC systems was shown to

be a very complex task, concerning three different control loops
with different characteristics but using the same data source.

N74-33644 Royal Navel A', . ý.'.nr'oi. Hiliheed (Engiand). The different control loops were defined as executive Iradeil
AIRC RW SURVIVAL TPA..2..i. UNITED KINGDOM controi with the tasks of tactical Intervention; planning control,
AND NORTHERN NORWAY with the tasks of procedural planning; and flow control, It was
W. J. Bloko In AGARD The Phyci'ol. of Cold Weather Survival found that the human responsibility for sir traffic safety cannot
Jun. 1974 p 9 1.931 (For availability seas N74-33534 23-04) ba delegated. but that thore are many human activities which

Details of the basic survival training given to Royal Noave can be defined as black box actions performed more efficiently
Alrcrew In the United Kingdom are reported The further training by computers. The resulting system Is characterized as a highly
given tnt northern Norway is lsoz covered. Author effective human control system with an optimum amount of

automatic devices to perform routine tasks as well isa arn effecthive
deciaion aid with good on-line characteristics. Author

N74-33645 Royal Norwegian Air Force. Oslo. N75-32053 Royal Air Force Inst. of Aviation Medicine,
SNOW AVALANCHES Frbruh(nln)

R. A. Grimsrud Inr AGARD The Physiot. of Cold Weather Survival THE PSYCHOLOGIST'$ VIEW
Jun. 1974 p 95.1)6 (For availability itee N74.33B34 23-04) V. David Nopktin In AGARO A Survey of Modern Air rraffl

Causes and effects of snow slides& ate described and human Control, Vol. I Jul. 1975 p 77-102 roef iFor availabilityomie
s urvival rressures In en avalanche situation arte outlined. 0.0. N75-32047 23.04)

The role of human factors in air traffic control depends on
the stage at which It Is first applied. The psychologist's 4

N75.204# Adicoy Grup or srosaceReserchandcontribution Is most effective early In the system evolution, when
N75-204# Adicuy Grup or Arosace espetchandhe can forestall problems as wall as cures them. In studying sir

Development. Paris irrancol. traffic control systems, Ideally the psychologist uses system and
A SURVEY OF MODERN AIR TRAFFIC CONTROL lob analysis, which he con both conduct and interpret. Aspecta
VOLUME 1 of the man-machine Interface, such me displays, controls and
Andre Benoit. ad. Jul. 1975 400 p rofu 2 Vol. comnmunicationa. si, optimized in relation to the efficiency and
(AGAnD.AG-209-Vol-1; AGAR~ograph.200-Voflf I Avall: NTIS well-being of the men. His knowledge of differences between
HC 510.25 men Is applied to recruitment. selection, training~ and screening.

Papers presented at the symposium are reported. Topics The effects of ageing and of experience aer predicted front known
discussed include: general orgenlitation of ATC, human factor. progressive changes within each Individual. Knowledge of the
In ATC, and automation of control procedures. For rindividual capabilities and tolerances of the man Is used to solve problems
titles. see N70-32048 through N715.32065. of work-rest cycles. stress and workload. To solve these problems.

the psychologist uses orthodox methods and specially devised
NIS-32G45 Royal fRadar Establishment, Malvern (England). techniques for assessing and measuring the man at work.
PRINCIPLES OF AIM TRAF9FIC CONTROL Author
S. Flatcliffo In Ai3ARD A Survey of Modern Alr Traffic Control,
Vol. 1 Jul. `19715 p 5.20 refs Fei availability see N75-32047
23-04)

Air traffic control techniques are discussed along with the
principles of traffic flow. Other topics discussed include:! flight N75-32054 Eur~oontrol Agency, Brussels (Belgium).
operations, terminal control, and organizational problems in an MEDICAL PROBLEMS RELATING TO AIR TRAFFIC
ATC sector. F.0.I. CONTROL PERSONNEL

E. Eveard In AGARtO A Survey of Modern Air Traffic Control,
N75-32049 M esssrsch mitt -Soolkow -Blohm G.m~b.H., Ottobrurus Vol. 1 JinI 1975 p 105-124 rile (For availasbility its N75.32047

* (West Germarry), 23-04)
ATC CONCEPTS The protection of air traffic control personnel was studied.

t Horst A. Neumann In AGAI4D A Survey of Modern Air Traffic The following points were examined: i1l working conditions In
Control. Vol. I Jul, 1915 p 23-25 refs (For availability see the air traffic control services, flight Information services and
N715-32047 23-04) alerting services; (2) psychophysiological factors determining the

Ground based ATC procedures rat discussed In terms of efficiency of air traffic control systjems; (3) occupational pathology
manual. electronic and struatural air tiaffic control. F.0.51. of air t~affic controllers, covering thie problem of the danger of

emission of X-rays by the cathode-ray tubes In the display screens,
N70-32050 MeasersnlRohtt-Boelkow.Blohm G.mn.b.H., Ottobrunn visual pathology, auditory pathology. and pathology caused by
(West Germany). nervous tension; and 141 protection of air traffic control
PRINCIPAL ATO COMPONENTS personnel. Author
Hans-George Friedtich In AGARD A Survey of Modern Air
Traffic Control. Vol. 1 Jul. 1975 p 31-40 raef (For availability
sea N75-32047 23.04)

Functional descriptions are presented of ATC components.
The systems described Include navig~tion, surveillance, corn. N75-32055 Internitlional Federation of Air Traffic Controllers
rnunlcatioiis, end control centers. Authorv Association*, Brussels (Belgium),.

THU INTERNATIONAL FEDERATION OF AIR TRAFFIC
N75-32051 Royal Air Force Inst. of Aviation Medicine. CONTROLLERS ASSOCIATIONS (IPATCA)
Fornborough lEnglondi. T. H. Harrison /it AGARD A Survey of Modern Air Traffic
THE CONTROLLER VERSUS AUTOMATION Control. Vol. I Jul. 11975 p 127.134 (For availability sae
V David Hopinin In AGARD A Survey of Modern Air Traffic N75-32047 23-04)

Conrol Vo. Ju. 175p 45.60 refs (For availfabilty see The IFATCA history Is presented. The aims of the fades
NIS-32047 23-04) tion era discussed along with the annual conferences, and standing

The relation of the controller to outorriation In sir traffic committees. F.O.S.
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N75-320011 Royal Radar EstablIshment, Malvern (England). to the ATC system for IFR aircraft pairs. in addition. IPC includes
PRSNCIPIJI OF AUTOMATION IN AIR TRAFFIC CON- pilot warning Indications (PWI) for Informing pilots of the location
TROL of proximate aircraft. Author
S. Ratollffs in AGARD A Survey of Modern Air Traffic Control,
Vol, I Jul. 1975 p 141.156 refo (For availability see N75-32047 N75.32081 Federal Aviation Administration. Washington. D.C.
23-04) AIR TRAFFIC FLOW CONTROL

The automation of ATC by reducing the date for processing Michael E. Paine, Juan F. Bellantoni, and let G Wolf In AGARD
by digital computer techniques was studied. Hardware and A Survey of Modern Air Traffic Control, Vol. 1 Jul. 1975
software reliability ore diecussed along with man and maohines p 281.278 refs (For availability noe N75.32047 23-04)
In ATC. Data sources for automated systems, and the use of The major operational problarms in controlling the general
computers in decision making are also discussed. F O.S flow of the nation's air traffic from a central facility are described.

and some of the approaches that may be taken to helip automate
N76.32057 Messerschmitt-Boelkow-Blohm S1 m b.H.. Ottobruni their ls.lultons are outlined. The discussions are based on
(West Germany). operational experiarnce it the FAA's Air Traffic Control Systems
DATA PROCiSSING FOR ATC Command Center and on the present prototype computer
Horat A, Neumann In AGARD A Survey of Modern Air Traffic programs, developed by the Transportation Systems Center, that
Control, Vol. I Jul, 1975 p IS9. 172 rafs (Poa availability see provide data processing support to the controllers at that
N75-32047 23-04) facllity. The operational problems, giving the history, present

There are two main objectives of date processing for air procedural techniques and constraints, data sources, and control
traffic control: flrst, supporn of tactical control by the provision strategies available are described, Some of the pitfalls in solving
of a sophisticated display of the air traffic situation and by the the operational problem. Various approachee to automating flow
application of procedures of real-time conflict detection and control such as quantifying the objectives arid developing
solutlon; second, avoidance of air traffic congestion as wall as algorithms to assist the controllers are discussed Author
reduction and balancing of the load of both the planning and
the executive controller by automatic filtering of conflicts and N71.32062 Stanford Research Inst., Menlo Park, Calif.
by hierarchical structuring of planning fnd control funcilons. LOCAL AND RIONAL FLOW MITERING AND CON.
Features and criteria of lunctlons termed flow planning, flow TROLcontrol and flight progress planning and control to achieve the Robert S. RLtnei, David K. Schmidt (Purdue Univ.), and Peter J.
second objective with thIe application of electronic data processing Wong In AGARD A Survey of Modern Air Traffic Control,
are considered. Author Vol. 1 Jul. 1975 p 291.294 rfrs lFor availability tee N75.32047

23,041
NM75-20H Sperry Rand Corp., St. Paul. Minn. Univic Defense The safety and efficiency requirements for improving ait traffic
1yltame Div. control were studied. Currant sequencing and spacing operations
AUTOMATION IN AIR TRAFFIC CONTROL SYITEMS in terminal areas iare described along with local flow operations,
Adi J. Khambata In AGARD A Survey of Modern Air Traffic FDAO..
Control, Vol. I Jul. 1975 p 175.19g refs (Foi, availability see
N75.32047 23-04)

Controlling the evartincreauing number of aircraft movemnents NT7.32063 Massachusetts Inst, of Tech., Cambridge, Electronic
in an orderly and safe manner in the nation's airspace is becoming Byltema Lob.a problem. The historical evolution Is traced of Air Traffic Control APPLICATION OF MODERN LONTROL THEORY TO
(ATC) mince before World War II It also discuss*e the current ICOHEDUUNO AND PATH-.TREITOHINS MANIUVERS OF
ATC problems. The National Airspace System INAS) design AIRCRAFT IN THE NEAR TERMINAL ARIA
concept is presented, and the progress made in implementing It Michael Athens In AGARD A Survtey of Modern Air Traffic
it the anroute area is described. The progress of automation in Control, Vol. 1 Jul. 1979 p 297-322 raef (For avallabillty seo
the terminal areas Include systems such as the unique Common N75-32047 23-04)
IFF Room at New York. one of the world's most congested A design concept Is presented for the dynamic control of
metropolitan torminal areas. and the reonotly Installed ARTS Ill aircraft in the near terminal area. An arbitrary sat of nmuminal mit
SVytem at O'Hare Field in Chicago, which is considered the routes, with possible multiple mtrging points, all leading to a
world's busilst sir terminal. Several other aritso of automation, single runway is considered. The system allows for the automated
such as collision avoidance, which impact the ATC system, are determination of lceeration/deceleration of lIroraft along the
also discussed. Author nominal air routes. as well as for the automated determination

of plth-stretchIng delay maneuvers. In addition to normal operating
N79.532059 Office Natlonal d'Etudel at doe Recherchas conditions the System accomodltes variable commenlded
Aerrrspatlalls. Paris (France). separations over the outer marker (to allow for takeoffs between
CONFL.ICT AND COLLISION AVOIDANCE SYSTEMS succelaiiv landingsl); and emergency conditions (in the sense
Roland Moreau Ir AGARD A Survey of Modern Air Traffic that en aircraft Is given partial or complete priority for lending).
Control. Vol 1 Jul 1975 p 203.238 refs (For availability see The system design is based upon the combination of three distinctN75.32047 23-04) optimal control problems: (1) a standard linear-quadratlo problem.

Greater flight safety displit the growth in traffic by Improved (2) a paramoter optimisation problem, and (3) a minimum-tlme
air traffic oontrol was Investigated The means of ensuring greater rendlevous problem. Simulation results involving twelve aircraft
safely for successive photeo of a flight from takeoff to lending, tinder both normal and emergency conditions are presented,
airborne collision *voldance systems ICAS), and ATC/CAS Author
compatibility are discussed. F.O.S

N76-.204 Eurocontrol Agency. Bruasels (ollgium),
AIRCRAFT TRAJECTORY PREDICTION DATA FOR ATC
PURPOiSE

N75.32O00 Mitre Corp., McLean. Va. Andre Bnefiot aid Eileen Ever% (SCICON, Ltd., Londol /is AGARD
CONFLICT ALERT AND INTIRMITTINT PO8ITIVI1 CON- A Survey of Modern Air Tiaffic Control, Vol. 1 Jul. 1075
TROL p 327-367 raob (For availability see N75-32047 23-04)
Lawrence G. Culhane and Barry M. Hoiowito In AGARD A A method is presented for assembling the aircraft trljeotory
Survey of Modern Air Traffic Control, Vol. 1 Jul. 1975 p 241-250 data in a compact form which indicates the quality of the aircraft
refs (For avallabillty see N75.32047 23-04) characteristic data produced. The main aspects are outlined of

Analytical, simulatlon and experimental results are presented an EROCOA aircraft performance handbook which is being
which were obtained in the process of designing and progressing prepared. The method covers all phases of the flight with the
toward the implamentation of ground-bssed collision avoidance exception of the takeoff and initial acceleration, final deceleration
systems for air traffic control Selective subsystem performance and landing. Climb, acceleration and deceleration at cruising level.
criteria established as part of the design process are also presented. cruise and descent are considered equally and data are assemblied
Different, but compatible system concepts are discussed. For in order to compute the trajectory components during any of
situations involving iFR aircraft, a conflict alert capability will theou phas&e, The data produced cover a fleot of over ione hundred
provide the controller with a displayed alert of impending situations aircraft versions Including sixty different aircraft types, namely
of separation being lses than minimums. An Intermittent Positive moat of the current commercial aircraft operating in Western
Control (IPCi function, utilizing data link and Improved surveillance, Europe and manufactured in Europe of North America and a
provides an automated collision avoidance capability for VFR/VFS semple of aircraft specifically designed tot military purposes.
and VFR/IFA aircraft pairs, and provides an independent backup Author
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W3523066 Mitre, Corp.. McLean, Va. trannamltter will retransmit the received signall with en exacty
NAVIGAT lON PERFORMANCE REOUIREMENIS FOR defined delay. In the nase of one-way distences-meesuring systmems

REDOUCING ROUTE CINTERUNE SPACING Identical and exitremely accurst@ lime standards are used In both
Ronald Siaft In AGARD A Survey of Modern Air Traffic Control. the transmitter and the receiver locetions, Airborne and ground
Vol. I Jul. 1975 p 373-309 roef (For availability mee N75-32047 station oquiprment Is discussedl. Author

* 23-04)
Sevierl different studies have looked into the cluestion of N75-220711 Standard Electrik Latenr, A.0 Stuttgart (West

whot Can be done in the ATC system to enable the current Germany).
rout. centerline spacing standard to be safely reduced. TheseTCA
studies include that of Soeing, The Royal Aircraft Establishment A N
(RAE). Autonetics and MITRE. These four approach** to the M Boehmn in AGARD A Survey ot Modern Air Traffic Control,
problem of reducing route centerline spacing are summelised. Vol 2 Jiul 1975 It 4411-455 rlef (For avalaebility see N75-32088
and the results derived from each are compared. Author 23.04)

Tactical sir navigation ITACANI. a radio position-fixring method
ýJ for military short and medium range aviation, Is described. Each

M70-32086#i Advisory Group for Aerosppace Rersearch and ground station currently providas uilmuth or 'theta' values to
Development, Penis (Franrce). any number of aircraft and distence or 'rho' values to meaximum
A SURVEY OF MODERN AIR TRAFFIC CONTROL, 120 aircraft at the same tiat. both types of values are either
VOLUMEI 2 directly displaeyd or are Inputs for a navigation computer.
Andre Benoit, ed. Jul. 1375 336 p raft 2 Vol. Operstionsi principles, airbgorne equipment. and TACAN ground
IAGARD-AG-209.Voi-2; AGARoograph-2011-Vol-2) Avail: NTIS stations ore deecribetl in oiteil. Author
HC $0.50

Technical aids to air traffic control end Operationail air ltrkffic
control systems are discussed. Other topics discussed Include 11175-32072 Ferranti. Ltd., Edinburgh (Scotland). Inertial Systems
principles of radiolocatlon, distance measuring methods. Inertial Dept.
navigetion, landing guidance systems. digital radar dael processing, INERPTIAL NAVIGATION AND AIR TRAFFIC CONTROL
computer use In air traffic control, satellite as an eid TACAN, W. H. McKinley In AGAIID A Survey of Modern Ali Traffic
end ornniciliectional radio beacons. Foar individual titles. moe, Control, Vol, 2 Jul. 1975 p 461.488 rtes [For evarilbility sea
N76-3201!7 through N70-320112, N75-320111 23.04)

The history of the development of navigation within air traffic
N76-322G7 Standard Electrik Lorstna A.G., Stuttgart (Welt control systems Is traced briefly, and the reqtuirements for, affective

Germny).navigation and flight path control are discussed. They aer realted
PRINIPLE OFRADILOCAIONto the adoption of marttial navigetion and to the possible future

PRINCIPLeSad0 POF la RA InOATIN uve f oer i extention of its use. Typical airborne system configurations era
Wrafi Cronerl Vnd l. 2euler 107 ApR A9-0 uraey iof Modrnaiailt described together with the fecilities provided by them Reference
Trafi oNtrol,2Vol 23-4 iu.17s 9.0 at Ptaalblt made to systems for both civil end military alicraft. The principles

The basic principlee of radio location are revieowed from the of inertial navigation eat described with a review of the standards
physical point of view: the"a Inctuda travel time, propagation of accutracy end reliebility being achieved, and the technology
time difference, phase difference, and amplitude. Properties of inivolved. Ato
elect romaginetIc wavee era aummerised, and methods for error
reduction are described with reference to errors generated by N75-32073 Advisory Group for Aerospace Reseaerch and
multipath aropegatloir end reflection by obstacles. M.J.S. Development, Paris (Firance).

LANDING GUIDANCE SY6STMS
Frank S. Brady In Its A Survey of Modern Air Trmftic Control.

N79-32061 Standard Electrik Lorens A.G., Stuttgart (West Vol. I Jul. 1975 p 495.557 rtos (For availability see N76132066
Germany). 23-04)
LONG DISTANOIL AIDS (OMEGA. LORAN) Tha avolution of aircraft landing guidance technology is
Walter Stanner In AGARD A Survey of Modern Air Traffic niviewed, from rudimentary nondirectional beacons arnd markers
Control, Vol. 2 Jul. 1975 p 4111.422 rots jFor availability use in the 1920's through the development and Installation ot theI.:N75-32086 23.04) current steandard instrument landing syatem IlLS) and the

The ground-lbesad long distance aide Omega and LORAN microwave landing systems (MiU) proposed for future world
provide the usair with Position data by using the hyperbolic atandsrditation. Thre mnajor miiaetonea inn landing guidance system
principle. Characteristicsaend equipment for the Omega, LORAN-A development are depicted. Design consideietiono far MILS are
end LORAN-C systems are discussed. Author discussed In detail. Author

111116-2308 Standard Electrik Larenas AG. Stuttgart (Weat N75-33074 Mitre Corp., Atlantic City, N.J.
Germany). DIGITAL RADAR DATA PROCESSING FOR ENROUTE AIR
MEIDIUM DISTANCE AIDS (VHF OMNIDIRECTIONAL TRAFFIC CONTROL
RADIO 11EACONSI John A. Verode In AGARD A Survey of Modern Air Traffic
Guenter Hoalgen /to AGARO A Survey of Modern Air Traffic Control. Vol. 2 Jul `19715 p 503.571 raefs (For availability see
Control, Vol 2 Jut. 1375 p 425.433 refs (For availability see N76-32056 23-04)
NIB-32066 23-04) Digital radar date processing IROP)Iin operation In twenty

VHF omnitidirectional redio renges IVOR) Is a radio aid for air route treffic control canters iARTCCsi in the contiguous states
aircraft guidence; it is en omntidiretaionall radio bescior, providing erim discussed. Tire system Wee exteniiavely teisted, its performance
the angle between aircraft end North, seen from the grouind measured, end standards established ftr syatem performence
station, The VOR ground etation radisate en esimuth-niepernient Tha functions of primarv and secondary surveillance rucdar target
signal which Is analyzed as the bearing Information by thre aircraft defection, and the processing of target date in the contral computer
receiver. The pilot guides the aircarft siont the course selected at the AFITCC are described. The latter Inciudepi filtering the
with the aid of constant ulmuth Indication. The range Is of the date. conversion to common coorrdinates. coirrelaton with
order of 100 to ISO am. Author automatic tracks, track amouthing end prediction in several miodes.

anid mmasurement of data quality In real tinme. Data on measured
system perfoiriance are given, and a short description of current

N75-32070 Standard Eiloctrilt Lorens A.G., Stuttgert (Weet efforts to improve system performance is Included. Author
Germany).
DISTANCE MEASURING METHODS 111711-32076 Eurocontrol Agency. Brussels (Blgiagum)

mnfe ScBehm In AGARD A Survey of Modern Air Traffic DISPLAY TECHNIQLUEE FOR AIR TRAFFIC CONTIROL
Control, Voi. 2 Jul. 1075 p 437-446 I(for availability see SYSTEMS
N75-320116 23.04) Richard Jenyns In AGAIIO A Survey of Modern Air Traffic

The distance -meaauring methods employing electromegnetic Control, Vol. 2 Jul. 1975 p 577-004 rtef (For availability see
waves make use of the veloiaity of light; the path covered by a N75-32068 23-04)
light or radio signal can be determined, If the transit time Is The cathode ray tuba Is discussed which fulfills requirements
known, from a formula. Round-trip and one-way distance for dynamic data displays in air traffic control systems. tha basic
measuring systems are described; the round-trip systems operate principles of the cathode ray tube are described together with
with responding transmitters (or with pasuive reflectors as In some recant developments which help to keep it in tirea forefront
the case of roder or radio altimeters), and the reeponding of display technology Adveanced techniques which emeirged
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from, research andl development laboratories offer advantages not of the historical developmients, end a description of the system
found with the cathode rev tube. The most promising of these concepts and characteristics of selected satellite-based A7C
iectin~iques, which may find applications in air traffic control systems Author
"sytarns, are discussed together with their characteristicsa nd

ftieivetneite AuhorN75-32060 Euroaontrol Agency, brusseols 16eigiumi).
EUNOCONTROL DATA PROCESSING SYSTEIMS
B Kirsiteter, G. Maignart, and V Vachiar In AGAIID A Survey

M7S-42076 Euraoatrol Agency. Brussels hleigiunri. of Modern Alir Traffic Control. Vol. 2 Jul. 11976 p '103.724
USE OF COMPUTER IN AIR TRAFFIC CONTROL (F~or availability wee N75-32060 23-04i
G. Kirsattter, 0. Maigrian. and V. Vachiery In AGARtO A Survey tha air traffic control data processing systems MADAP and
of Modern Air Traffic Control, Vol. 2 Jul. 1975 p 009-638 KARLDAP. are designed for combined fiight date and radar data
roef IFor availability see NIS-32006 23-041 processing. A description is given of the functions and hardware

The characteristics andi applications of computers in ai, traffic and software structure of the systems with special consideration
conitrol, are discussed, mainyV based an experience In the upper to reliability, progreamming, end implementation aspects. The radar
airspace, After a short summary of the different applications, aepoesn.ytmSADA sas ecie. Ato
11he geneoral characteristics of hardware and software st.;hltacpturs aepoean ytmS4NA sas ecie. Ato
we diactaseed. This Includes a desiription of niultiprocessor and 7401 RjcuhvordelheHueiternd.
multloornputer systems with their specific ATC oriented peripher. THE NETHERLAND@ ATC AUTOMATION PROGRAM
&is, real-time operating systems, programming techniques, data J, S. EmIt In AGARO A Survey of Modern Air Traffic Control,
base, and reliability Aspects and the associated probiems of Vol 2 Jul. 1§75f p 727-734 (For availability see N475.32066
recovery management. The principles of dats tranaimitialon In sir 23-04)
traffic control systems are Included. Radar date processing deals A historical summary I is ~esnted of air traffic controi radar
mainly with moono. and muiltirsder tracking aspects. A summary dale prolessing systems In use In the Netherlands. Operational
of the different functions Is given which can presently be provided charactauticas and specifications are included. M.J.E.
by a flight date processing syrstem. Author

0175-3211110 Mitre Corp., McLean, Vs.
NIG-32077 Messerschmitt-Boelkow-Blohm G.m.b.H4., Ottobruoin OVERVIEW OF US AIR TRAFFIC CONTROL SYSTEM
(West Germany). Howard J. Kirshner In AGARD A Survey of Modern Air Traffic
GENERAL A811fiCT4 OF DATA FLOW Control, Vol. 2 Jul. 1975 p 717-744 roef (For availability see
Horet A. Neumann In A13ARD A Survey of Modern Ali Traffic N75-32086 23-04)
Control, Vol. 2 Jul. 11975 p 639-645 refs (For availability see A brief overview Is presented of the technical Vieatures@ of
N75-32066 23-04) the systems used In U.S. sir traffic control centers. Emphasis is

Regarding complex systems such as air traffic control, data piecod an the recentlip modernized en route and tetrminal control
acquisition and data processing tire performed through cooperation systems. AutMhor
of nan with machine. Indispensable dialog usually Is accomplished
by output of machine's reaults via teletypes, lilneprinters, pioltret,
or luminous data diaplays arid by Input of man's acquired data, N6211 dioyGopfrArsru oapu nresults, and decisions via funcutional keys, keyboards, arid touch N6211 dioyUai a uoiui lsac rr
displays. A black dilagram of data flow in air traffic control lis Development, tltaris (France).
presented. Manual data Input 1e Combined with date acqaulsiltion; PLANS AND) DEVILOPMENTS FOR AIR TRAFFIC EV$-
data output Is differentiated with respect to the receiver (pilot TNIM

end controller), The diagram, as seen fromn a general point of A Benort, od. arid D. Ri. Israel. ad. Feb. 19711 5612 p rots
view, represents Implicitly ol possible concepts of err traffic Cont, held at Cririiridgu, Mess.. 20-23 May 1976
control esaiculad on-ground, Including even the concept of manual iGIDC.15 vi.NI C535
control, which leaves time-consuming tooks of data acquisition sysemsirolo(isc urlb Forriasindivaiduautil tirrir o serr Nr7f-23t1r92
and preprocessing as well as all pprucial tasks of Intrinsic dateaytm r isiie.lo nrriiu reseNt2 9
processing to controllers. Author throughr N76-23229.

N76-23192 Roaylr Airorrift E~stablishmrent. Bedloid (England)
1176.32078 Messurschmippit-Soelktow-*Elohm (3.m.b.H.. Ottobrunn STUDIES OF AUTOMATIC NAVIGATION SYSTEMS TO
(Weat Germarny).. IMPROVE UTlI.iZATION OF CONTROLLED AIRSPACE
SOME TRENDS IN HARDWARE CONCEPTS FOR ATO K Walling and Ti. C Riawlings lipt AC3ARD1 Plans arid Develop
COMPUTER Ifor Air Traffic Systems Feib. 1970 16 p reift (For avalaiblirty
Wolfgang Nittnver In AGAFID A Survey of Modern Air Traffic see N70-23191 14-04)
Control, Vol. 2 Jul. 1975 p 6496560 roet (Far availability sea It as shown that tilia use ot Improveud nravigatioin In controlled
N75,32066 23-04) airspace [it tire futuie criuld produce useful savings In time arid

Four main requirements era discussed for hardware- rmoney within a short rime. This conclusion is tiasird an the
structures reaulting from applications such es radar date tracking. optimum usc of VOP/OME arnd will roly, from tire start, on
conflict detection and resolution, long-term flight plan coordination allowing reduced lateral anid longitudinal saparatioris by the
and flaw control, flight progress adjustment, recording, and provision of accurate statistically predictable performances. Constain
statistics application programs: reliability and safety. storage en-route appliraltions tire possible which proivide the inserts of
capacity and processing power. lime behavior, arid hardware. assessing. at in early stage, tire effectiveness of the Improved
saftwres-integration end software related features. Technologies systemns and which provide the means of assessing. at an early
and Important features of computer structures ite outlined, satge. the effectiveness ot the Irmptrovedi systems and which allow

Author the development of mors ambitious systems for the bu,.l TMAs
in the futuris. Author

NIS-23 193 Ecoreo N ationials Siperiatire de I'Aeronoutique,
N75-23079 Federal Aviation Administration, Washingrton, D.C Toulouse (France).
Aeronautical Satellite Div, POUN-D NAVIGATION IN TERMINAL ZONES: AN
THE SATELlITE AS AN AID TO AIR TRAFFIC CONTROL AUTOMATIC CONTROL PROBLEM
Keith D. McDonald fIn AGARO A Survey ot Modern Alir Traffic Marc J. Palegrin In AGARD Plans and Develop. for Air Traffic
Control. Vol. 2 Jul. 1975 p 661-697 ref. (For availability see Systems Feb. 1975 25 p rote In ENGLISH and FRENCH
N75-32066 23-04) (For availability see N76-23191 14-041

The capabilities and potential are discussed of satellite- It is shown that, if a velocity profile as imposed upon the
based systems for navigation and air traffic control (ATC). The planseand icontrolled along a selected approach petit, it Is possible
utility of satellite systems wias extended from communications, to limit the deviation from the computed arrival time of thit
surface navigation, and geodetic applications into sir and space. plane at the ILB entry gate. Two simrulation programs, a last
and to other funatiorlel areas such as position surveillance, for time one and one In real time. dletainen and control the opt Inurn
air traffic control, pieciae time end time transfer, International 4-D traloctory. The first renults show that the accuracy of the
maritime and aeronautical position location end reprortintg services, simulation need not be very great; thus, the extra computing
and collisiun avoidance. A summery is presented of the basic ground capacity Is fairly limited It can also be shown that an
princliples upon which the satellite systems operate. along with acucurate descent trajectory im no problem for an aircraft equipped
an Indication of their advantages and potential, a brief review with an autonmatic throttle conmmand. Moreover, a head-up display
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that gives the optimum glide slops &ngle allows a very accurate N17623199 Federal Aviation Agency, Washington, D.C. Systems

control of the plane along its longitudinal exis. Author Research and Development Service.
ATCRSI IMPROVEMENT PROGRAM

Commercial Airplane Co. S Wash. Martin Natchipoisky In AGARD Plans and Develop. for Air
P'7S,231g4 Boeing oraffic Systems Feb. 1976 10 p (For availability so@ N7B623191
STRATEGIC CONTROL OF TERMINAL AREA TRAFFIC 14-04)
Ralph L Erwin. Jr In AGARD Plans and Develop. for Air iAR1-241)
Traffic Systems Feb 1976 13 p res- 0or availability oss The Air Traffic Control Rader Beacon System iATCRBS)
N476-23191 14-04) experiences a number of problems such as false, broken, feding.

An advanced method of controlling sir treffio in high density missed and garbled targets. Although many factors contribute
terminal arsou is reported. In this concept the sir traffic cortrol to the degradation of ATCRBS performance, most probleme can
system defines four dimensional tricks for eli &rrivals that wilt be attributed to poor interrogetor/ receiver antennas, the difficulty
derandomize and spece the traffic for landing on tfie runway. of Interrogator management, irradequate reply target detection
The aircraft use four dimensional navigation slrd guidance
equipment to fly the assigned paths. The advantages that result major developms nt effort has been direoted at improved

from a strategic control System using airborne four dimensional i ator antenn esigns beaen t resent F mAroed

navigation and guidance equipment are presented: the resulting Interrogator antenna designs becnuy e the present FAA ATCnBn

benefits of increased capacity and reduced fuel consumption are development efforts for improved ATCRhe reply processing and
discussed. The logic used by the lit traffic control authority to
strategically control arrials is desc|ribed, This togic determines target detection are based on utilliation of the improved antennastraegiall cotro arrval Isdesribd. Tis ogi deermnesperformance and sum difference pattern capability for monopullse
the sequence for handling the aircraft. establishes the time prforcss um d c n too
schedule for use of the runway by osch flight, end calcultes proc&ssng. Author
the four dimensional path to be assigned to each aircraft,

recogniting the aeroperformenne capabilities of the individual
flight. The performance of the algorithm Is demonstrated by the N71.2 1St Royal Radar Establishment, Malvern ([ngland).
results of a fast time simulation of etrategic control as applied ADSIIL/DASli A SELECTIVI ADDRESS SICONDARY
to arriving traffic for Lot Anpeles International (LAX) Airport. SURVEILLANCE RADAR

Author A. C Howes, P. R. Droullhet (Lincoln Lab,, MIT, Lexington). H.
G. Walis (Unrcoln Lob., MIT', Laxington)l, and M. C, Stevens

NT7.23115 Mostiersohmitt.Boeikow-Blohm G.m.b.H., Ottobrunn (Cossor Electronics Ltd., Harlow, Engl.) in AGARD Plans and
(Wool Germany). Develop. for Air Traffic Systems Feb. 1976 13 p raft Sponsored
ATC: CONCEPTS WITH EXTENSIVE UTILIlATION OF in part by FAA (For availability see N76.23191 14.04)

AUTOMATIC DATA PROCESSING ADBEL/DASS Address Selection/Discrete Address Beacon

Horst Newmenn in AGARD Plans and Develop, for Air Traffic System) is a selectively addressed secondary radar system which

Systems Feb. 1976 9 p (For availability see N78.23191 14,04) Is in extension of present day ATCRUU/SSR. The system provides

Alternative concepts of electronic dats processing supported the usual surveillance data, Identity, height and position and in

ATC are outlined and technical and procedural problems era addition a data link communication foillity is available on both

specified In each criae. Emphasis is on corrcelvable planning the ground to air end air to ground channels. The system Is

functions and logical relations with air traffic control functions entirely compatible with present day ATCRHS/S8R and

leading to semi.automatio air traffic control. There aer two main introduction can take place over an extended period. A modified

effects of such an ATC concept utllluing automatic data processing transponder is required in the aircraft which operates on both

extensively: 1) expedition ol the air traffic flow and reduction normal ATCRBS/SBR and ADUEL/DA&S. The new ground

of the load of both the planning and the radar controller, because stations can provide surveillance of aircraft fitted with existing

automatic filtering of conflicts will be achieved; and (2) optimum ATCRBS/SSR transponders as well as handling those with

balancing of the load, because automatic allocation of flights to selective address transponders on board. An overall description

controllers will permit more contlnuous control and guidance of the system is given together with details of the mesesge

within Joint control sectors. Author formats and modulltion techniques adopted. Author

N76,23196 Aeronautical Systems Div., Wright-Patlerson AFB.
Ohio.
OMEGAi A SYSTEM WHOSI TIME HAS COME N75-23200 Elettronica S.R.L, Rome (italy).
John F. Berarin and John E. Bolts, Sr. (Analytic Sciences Corp.. LEA MICROWAVE APPROACH AND LANDING SYSTEM
Reading, M s.,) /in AGARD Plans and Develop, for Air Traffic Roberto Nicoli In AGARD Plans and Develop. for Air Traffic
Systems Fsb 1970 10 p rots lFor availability see N75-23191 Systems Feb. 1976 5 p (For avalltillty see N75-23191 14-04)
14-04) The system operates in time sharing for terminal area

The United States Air Force program to equip approximately nayigation and landing or runway tailing aide. In addition to
700 airlift aircraft with Omega navigation equipment Is described, the over 100 aircraft@ that the system Is capable of assisting in
The program structure emphasizes obtaining low cost automatic the landing phase. it cas provide TMA navigation aid to several
equipment satisfying onroute air navigation performnance require- hundreds airurafis Inside a 30 n.m. radius area. Tah system
mants. Required equipment cherscteristics are identified and the utilites a simple airborne equipmrent, while the ground equipment
structure of the equipment acquisition progranm is outlined. Several can be Imnplemented at various degrees of sophistication, according
important Omega tochnolog',r lssues are discussed from a user's to the airport iae and traffic. Aircv-flt position data and
perspective. The paper concludes with a summery of the results identification are simultannously available onboard end on the
of an Air Force flight test program designed to evaluate the ground so that rMA and ATC are simplified. On the ground,
important technology options now available in Omega natvigation ATC personnel have available data of all aircirft in TMA. lending
equipment, Author or taxiing In the runways. complete with the sircraft Indentification

codes. The pilot has available onboard-, on standard cocrkpit
N76.23197 Plessey Radar Ltd Hlvant (England) instruttrints.-the accurate positiot data of the aircraft In relation
A SURVEY OF PRIMARY RADARS FOR AIR TRAFFIC to the airport for TMA and to runway for landing. The ATC
SYSTEMS operator who monitors the aircrafh situation on a scope gives
K Milne /n AGARD Plans and Develop, for Air Traffic Systems ground-to-air Instructions for TMA to the pilots and emergeincy
Feb. 1978 10 p refs (ror availability see N70.23191 14.04) rommuilicetions for lending. Author

Application areas for primary radars in air traffic systems
e =Iswe Problems facing the designers of such radars arm N76-22201 Naval Eectronic Systems Commend, Washington.

out MinimIzlstioi of groutrd clutter, precipitation clutter and 0) C.

,lght echoes figure high on the list of asideratta. combined MATCAL': EXPANSION OF CAPACITY PFR
with the needs for adequate cata rate and high equipment EXPEDITIONARY AIRFIELDS
reliability. Approaches to the solutions of these problems are Richard I. Wihz (Marine Corps, Washington, D. CQ In AGARD
surveyed and examples given of current practice. Future trrnds Plans and Develop. for Air Traffic Systems Feb 1976 10 p
in primary radars are discussed in the light of recent advances (For availability see N76-23101 14.041
in automation srid in signal processing techniques. Improve. The Marine Air Traffic Control and Landing System
manti in the Immediate future are likely to be evolutionary in (MATCALSI is being Implemented to upgrade and auttOniate the
nature. mimed at making the performance of today's radars ATC and all weather landing control capabilities of Maritse Air
compatible with more automated control systems. Author Traffic Control Units (MATCU). The overall role of Marine Corps
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aviation is reviewed, and the cruucial role and operational functions V. W. Attwool /in AGARD Plans and Develop for Air Traffic
of thia MATCU as a supporting element aire described. An overview System$ Feb 1976 d p (For ovailabIlity, sea N176-23 191 14-04) '
is prinserted of the MATCALS implementation program. the system The use of flow control is considered for air routes subiect
us at wholst, arid the advanced capabilities which MATICALS will to saturation Alterations to intended flight times at the planning
provide. Specific functional capabilities ltr air traffic management stage penalize the operator, but so do the delays from congestion A
dird control aire indicated. and ltre technrical approach toward which occur If such alteratIoins are not made Hence there is an
irrplatrmoiring these fitnuticita is desciribed. The MATCALS tending optimumn balance which can be etxpressed as a planning target
control capabilities and function are therr described, with flow rote on a given route. For a network of routes subject to
rrriphtisis ort the operational advantages reaiized with sit constritsmls similar considerations lead to an aptiiiiii plannedIiiiitorriatrd grounrd derived system Finally, the impact of distribitilion of traffic flow around the system. The assessrment
MVATCALS on overall Mutnus aviation effectiveness is summarized of this optimum can become complex and is best handled liy
This uriniriary eniphasitaes the quantitative factors by which comizoter optimization techniques. The use of suchr tezchnriques;
MATCALS wiii increase lbs mainesinuii rate of air firepower delivery may become inevitable when the increasing cormplexity of touto
thirough inrureared liafic hitndling capacity at expeditionary systems and constrraints maikes it impracticable for the unralitde
iailisiiutiu Author human brain to approach en optimum traffic distribution Our

study is illustrated by examples of traffic conditions at ihe
England/France boundary. Author

NIG-23202 Iitr Corp.. McLean. Va.
ADVANCED ATC AUTOMATIONi THE ROLE OF THE N75.23208 Eurocomtrol Agency. Brussels (Blelgium)~.HUMAN IN A FULLY AUTOMATED SYSTEM
Rtichrard A. Rucker /ii AGAFSO Plans and Develop, for Air THE INTRODUCTION Of ACCURATE AIRCRAFT

TraficSymsmsFeb 196 1 pref t~r aailbilty eeTNAJECTORY PREDICTIONS IN AIR TRAFFIC CONTROL
Traffic 9 Sy4e-0Fb.197 Oprf ~rzulblt C A. Benoit. J. Storey, and S Swierslra rIn AGAFID Plant and

Air overview is presented of one approach tn formulating Develop, for Air Traffic Systems. Feb. 1976 28 p nets (ForI
arid evaluating an experimental mnodel which automates routineaaibltyseN521 1.4
en icute sector traffic coniot. Basic design concepts are identified, A family of moethods is proposed for ptredticting the trajectory
anot thie automatded control teaks performed by tire Front Royal of an aircraft of which a limited past history is known from

sector mrodtel. a digital computer simulation. are discussed. The redr obeervations at the time the prediction is produced as
papur than focuses on the anticipated roles and responsibilities wisit as the intentions available from fllght plan data. The approach
of the journeymarn air traffic controller in such en environment Is particularly designed to accommodate climbing and descending

intlhowen outesecor ositcitdesgns ay urter eolv astraffic end. lit consequence. the paper conceritrates on the vertical
a iesult. The purpose Is to explore sonic long range implications component of thet'lrolectotv prediction Author
iiid potentials from the perspective of the sir traffic controller

Authror 1111411232.07 Royal Radar Establishmrert, Malvern lEnglenitl
'aINTERACTIV111 CONFLICT RESOLUTION IN AIR TRAFFIC

N70.23203 Royal Air Forest, Fernborough lEnglend). Inst. of CONTROL
Aviation Medicine. Ai. 0. ball, R U. Uuyd. and 0. Ord In AGARO Plans and
THE PROVISION AND USK OF INFORMATION ON AIR Develop, for Air Traffic Systems Feb 1976 14 p rate IPoir
TRAFFIC CONTROL DISPLAYS availability see 1,70-23191 14-04)
V Davit] Hopkin Ini AGAFFO Plans and Develop, for Air Traffic Aircraft of the major operators are becoming move sand mwor
System3 Feb 1976 12 p tat% For evailability be" N76-23191 capable of flying trajectories well defineid Iii apace and time.
14-041 Sitih tirajectories offer distinct advantages to operators and could

Several kinlds of misnratch can occur at the tmait iniachins also offer- advantages to controllers for planning conflict free
interface in air traffic control systeams. One, ofteni overlookter. slitustioiis In the tactical phase of control. However. In order to
conceins the provision of certain essential lInformatiorn In e formi use them. it Is necessary for controllers to be able to visualize
which is unusable. The traditional reliance on the mair's strergitis the trajectories further irto the future, srid In greater detail,
of adaptability and flexibility lit order to match man antd machirns than they can at piresent A technique Is oijtlined for Improving

In te sstemIs hwated f h canot ssrthvInfoniaionthe controller's vlexalluation ability by using computer assistance
irvnthed sytem his. thwarted ifro haanntus tir qunfinaitlive to provide a predictive display. The techinique lr. capable of being
pnfresetedion tincmpleChangetfomain ualitatie slpito 4usitltirtiv extended to help the controller with conflict cloteation aird

of decision making roles which in foot rave bean grsatly modified.rslto ntmoln oiue fteetninsta talw
all pose 1rroblems of ensuring that thre displayeid inltriniritioi the controller to conduct a dialougue with the computer enabling
has been adapted successfully. Author trim to try out various options, the outcome of each of these

being displayedf so that he cen assess the consequences of any
N75.3204 StafordResarchtire.. arti Pak. Clifaction Tire paper :1so discussee how the computer can assist
M76-330 Stnfod Rseach nst. MnloPar. Clifwith monitoring that aircraft r~tnaiii wf trelectories which are

Transportation Enrgirneering and Control Group.cofitre.Ahr
AUTOMATION OF LOCAL FLOW CONTROL ANDcofitre.Ahr
METERING OPERATIONS IN THE ENROUTE/TRIANSISTION
IN1VIRONMI NT
Robert S. Itatrir fIr AGARD Pians utir Develop fiii Ali Traffic
Systemsr Feb. 1976 7 po (Pot avnitabiliry see NIf.23 191 14-04) N7$-23205 Federal Aviation Agency. Washington. D.C.

Local flow ciontrol proceodures are deicrtibed thtat S16 uised INTERMITTENT POSITIVE CONTROL: A O)ROUNDBIVASD
when a sector of the arrroute/trarrsition airspacen tauronnax COLLISIION AVOIDANCE SYSTEM
saturated. in terms of thre workload or cotntrol caspaity of the Michael E. Penis. Il. M. Horowiitz (MITRIE CorpI.) A. L. McFarland
sector control team. The procedures aer generally itrpietrrrnrd (MITRE Corp.). J U. Bausch (Lincoln Lab., MIT). and K. D. Sannrs
according to preepecified plans. and take the form of restrictions (Lincoln Lab. MITI In AGARD Plens and Develop, for Air
on the permissible irr-trail Inter-aircraft separation tot traffic flows Traffic Systems Feb. 11176 17 p refs (For availability isee
upstreaom of the Impacted sector. 'rho desirtibilify of antiancitig N76-23191 14-04)
this process of local flow rontiol Is discussed A concept, termed Intermittent Positive Contrrl IiPC Is a totally automated
planning control, for enhancing local flow control operations giound based collision avoidlance system. It functions by taking
through automation, is described. The touncapt is based cii positive control of Visual Flight Rules IVFRI and Instrument Flight
prediction of prospective traffic lavels on routes arid ill sectors Rules IIFFI aircraft on air as needed besis to avoid hazardous
within air air route traffic control center. using the orn-line traffic enrcountersr By also providing pilots with continuous Information
data base of the NAS Enrouts Stags A sysetm Appropriate oir the location of nearty aircraft, it results in safety in controlled,.'
flow control restrictions, are inistitutad whenever control workload mixed, and uncontrolled airspace. among all users lair carrier.
In a sector exceeds a steandard level. Author general aviaticir and military) In both IFR and VFR flight, whilet

1. maIntainIng the freedom of action associated with VFR flight.
To receive IPC service an aircraft must carry a Discrete Address
Beacon System (DABS) transponder and an IPC dlisplay The

N74-23201 Royal Air Force, Fornborouglr (England)f. Iranspoirder. in addition to its beacon function, receives digital
Mathematics Dept. irressages from the ground and presents them on the iPC
THE OPTIMISATION OF TRAFFIC FLOW AROUND A display. The ground portion of the IPC system conseists of the
NETWORK DABS sensor and an IPC computer. Author
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N74 22209 Thomison-CSF. Bagneusx ilFrane). to be a powerful facility for controlling runway and approach
INTEGRATED NAVIGATION SYSTEM: MULTIFUNCTION corridor movements in real tirme, making it porrarbie to Increase
Llubimko Milosevic In AGARD Plane and Devalop. for Alir the frequency of aircraft lending* and takeoffs, even Ini cleat
Traffic, Systems Feb. 1976 43 p In ENGLISH ard FR1ENCH water, whilist maintaining a high level of safety. Author
(For availability so* N76..23191 14-04)

The multifunction integrated navigation system is deosignred W75423214 Transportation Systems Center. Cambridge. Meass.
in an homogeneous manner for radio rnavigatilin aid functions. PREOIOTIVEI TECHNIQUES FOR WAKE VORTEX AVOID.
11, carries out navigation. surveillancae with identification. ANCE
anticolisilon, data transmission and voice cornmuncatilora J1. N. Hallock, W. D Wood. and E. A. Splituar fIn AGA14D Plans
furnctions. It is compatible witir either direct ground to air and Develop. for Air Traffic Systems FeIb. 1976 11 p refs
transmission links or Indirect satellite transmission links. 1t IWor availability see N70-23191 14-04)
significantly simplifies aircraft equipment. It features moidular Aircraft wake vortices represent a major impediment to
ostensible design and it is practically a non-eetura~ci systemn. Increasing runway capacity. Separation criteria are r'ongervativnt
Two overall views of the system utilization aire either with enrouto most of the time and thus traffic unnecessarily delayed by alwaysr
T/tt ground statiorns or uising satelities to nover the anrout. adhering to the present Inflexible regulations Systerms which
space. Author employ vortex tracking sensors and/or meteorological senaors

to determine safe redutied spacings are being designed. Any
N7S.23210 Mitre Corp., McLean, Va. Aie Transportation wake vortex avoidance strategy relles upon the ability to predict
Systems Div. vortex transport and decay. The paper discusses vortex behavior.
FUTURE ATC TECHNOLOGY IMPROVEMENTS AND THE preliminary predictive models based upon the tracking of vortices
IMPACT ON AIRPORT CAPACITY from over 24,000 landing aircraft, end systems anid their
Richard M. Harris In AGARD Plans eid Develop. for Air Traffic Implementation to provide the capabliity of using adaptive
Systems Feb. 19176 14 p raef (For evotlle~lity see N76-23191 separations. Author
14-04)
(Contract DOT FA70WA-24461 MIG-~~ f 723216 Transportation Systems Canter, Cambridge. Mass.

The United States Is presenitly i ttt gnrioofarUS/1UK VONTEIX MONITORING PROGRAM AT HEATHROW
traffic control syatemo and technoltogy, This third generation AIRPOwR
System Is the lirst nationwide application of modern computer J. H. Halloolt and L. Goldstone (Civil Aviation Authority, London)l
based technology to the management of traffic In the nationa Irv AGAFID Plans and Develop, for Air Traffic Systems Fatr.
a irspace systeme. Twenty NAB Stage A erwoute Insteallations are7 (o viailt e 7-2111-4

now n paceat te dmesic st tutstrafic oxw ceners InVortices shed from aircraft landing are being recorded and
addition, 01 outoitrated radar terminal systems are now analyzed and their motion correlated with ambient meteorological

Instlle an opeatinalin he mjorterine ares. inkgesconditions. It Is shown that If the crosswind component measuredbetween these enroute and ternitinai facilities ore presently being near the runway threshold exceeds five knots, vortices linger
established and verified. Upon completion of the instailation and near this attended runway centerline for a time in excess of
testing the U.S.A. will have operational a large mcala. one minute for leass than 0.5 porcenit of the landings, This small
semi-sutomeated capability to provide highly imrproved ATC services percentage Is almost entie due to vortirces ftem the heavy
for domestic medium, high altitude, and terminal airspace wide body lets -- the 5747, DC-10 and L-101 1. Author

Aut hor

W761-23211 Royal Radar gatoblishment. Malvern (England). N70-23216 Linde A.G., Munich (West Germany).
SICONOARY RADAR FOR GROUND MOVEMENT FOG DISPERSAL AT AIRPORTS, THE STATE OP THE ART
COMNROL AND FUTURE TRENDS
Hugh N. Orilfiths In AGAFID Plans and Develop for Air Traffic W. Beldus, F. V. Melewics (DOT, Washington. 0. C.). A. Poornia,
Systems Feb. 1Q76 9 p (For availebility see N76-23191 14.04) K. Ruppert, J. F. Sower (DOT, Washington, D. Ci), and H, Wenzel

A method of using secondary radar for ground movement fIn AGAREO Pierre and Develop, for Air Traffic Systems Feb.
Identification Is outlined which could have sufficient positioned 1916 6 p rats (For availability son NIO-23191 14-041
accuracy to label a high definition primary radar display of airfield Cold fog Is being dispersed routinely by sirborri seeding
ground movements. An experimental ground movement secondary with dry Ice and results show a favorable benefit to coat rallo.
radar Installation at in airfield site It described and the results Also ground based systems of liquiud propane dispensers are
of trials are discussed. Methods for Improving the performance used operationally for cold fog dispersal. Warm fog dispersal
of the basica system aire Indicated arid possible future developments being more difficult has become operational at two airports of
are suggested. Author Paris. Improved prospects of economic warm fog dissipation &ro

offered by a new hest purril system with favorable tharmodynamic
N76-321 TrnspilaionSysems entr, ambidg. Mss.properties which result in an essentially lowered requIrement.

ATOREI THtLATERATION. THE ADVANCED AIRPORT The artificial visibility Improvement by fog dtispersal systems Is
SURFACE TRAFFIC CONTROL SENSOR considered a valuable aid for safe aircraft operation under all
J. W, Ogrady. M. J. Moroney, and A. E. Hagerort /it AGAHO weather condlitiona. Author
Plans and Daveirip. for Air Traffic Systems Feb. 1976 20 p
rats lFor availability see N76-2319 1 14-04)

The requirements of en advanced Airport Surface Traffic
Control (ASTC) system have bean developed and the technology 117111-232117 Federal Aviation Administration, Washirrgion, D.C.
Identified for the sensor part of the system Employing Air Traffic UNITED STATES PROGRAM TO ICAO FOR A NEW
Control Radar Beacon System IATCROSI replies from aircraft NON-VISUAL APPROACH AND LANDING SYSTEM
transponders and tnilaterstion receivers for accurate positiorr Joseph M. DelBelito and Stanley RI. Jones (Mitre Corp.. McLean,
location and vehicle Identification, the sensoir systemn satisfies Va.) fIn AGAfID Plans and Develop, for Air Traffic Systems
the performance and readiness requirements of Intermnediats Feb 1978 20 po (For availability sea N78-23191 14-04)
(1900) goal systems. The adivancead ATCRBS tnllateratiorm sernsor The microwave landing system Is a precision approach arid
for ASTC has been analytically established and a brssaboard landing guidance system designed to ineet the needs of alt typessystem Is buing fabricated to provide empirical validation, Author of aircraft, civil and military, Ithroughout the world through at

least the balance of this cerrtury. tt Is en air derived data system,
M76-23213 Service Technique de Is Navigation Aerienne. Paris iLe., ground stations will 0enerate coded sigrnals which will enable
(France). an airborne receiver/ processor unit to derive precise azimuthI
THE CORAIL SURVEILLANCE SYSTEM FOR AIRPORT angle. elevation anille, and range data, which are suitable for
RUNWAYS SAYSTMEM CORAIL DE SURVEILLANCE DI) display to the pilot or for use by arm automaetic flight control
PISTES O-AEROPORTI system. Inherent in the MLS design Is thre Incorporation of as
Jean Marc Faysee and Guy Georges Plottin (Laboratolrs Contral grourid-to.alr data link which will provide runway identification.
do Telecom municationsl rIn AGAIID Plane anti Develop for condition of runway, operational status of the MLS, and weather

Air Traffic Systems Feb. 1976 18 p In FRENCH and E.NG.LISH information. Ani Important element in the concept is that of3, For availability see N76-23191 14-04) performance nmodularity wherein a range of squipmunt coinfigure.
The prototype CORAl L radar Installed on the Paris Orly airport tiorns, both ground basted and airborne, would be responsive to

runway and originally intended only for outorrcetic runway the operational requirements and economic rionsiderations of each
surveillance under conditions of poor visibility has proven Itself csatgory of riser. Author
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NIE.23216 Transportation Systems Center, Cambridge, Mass. flight planning and control for flight in dense traffic regions;INSTRUMENT LANDING SYSTEM PERFORMANCE PRE. centrallastion ot the control yesem;: end a high level of automation.
DICTION A program of research end development Is described to povide
Gerald Chin. Lawrence Jordan. David Kahn, and Stephen Morla the information needed for planning future system develop-
/it AGARD Plans and Develop for Air Traffic Systems Feb. monte. Author
1976 14 p rate IFor availability see N70.23191 14.04)

A physics model based on electromagnetlc scatt.)rlng theory
has been developed for predicting comparative Instrument Lending N7.-23223 Advisory Group for Aerospace Reeparch and
SyVtem (ILS) localizer and glids slope antennas array performance Development. Paris IFrance).
end course structure degradation resulting from a change to an FUTURE AIR TRAFFIC CONTROL SYSTIMS. A PRE.
airport envlionment The theoretical predictions of the localizar LIMINARY STUDY
model were compiled with flight test data tram Syracuse-Hancock lIo its Plans and Develop. for Air Traffic Systems Feb. 1976
airport. The agreement was good. The gilds slope model has 19 p (For availability see N76.23191 14.041
been ued to predict a•rd coimpsre the perfromance of three Tire results of this study particularly emphasize the vital
irinUgs type antennas: Tire null reference sldr.band reference and importance both of thel pilace of man in the system, and of the
capture effect antennas for non flit terrain configurations. It environmental factors affecting the efficiency at the air traffic
was found that acceptable coursa tieults often could be found controller and the pilot, especially In the context of Increasing
with only one type of glide slope antenna without performing a automation. It ls firmly believed that future planning will not be
major terrain regrading. Author successful unless these two user prolessilon are closely involved

in It. A predominantly directive method of air traffic control rather
N76-2.22111 Marconi Radar Systems Ltd.. Leicester (England). than a totally permissive one lo avisloned for the future.
Airfield Instrumentation, Furthermore. predictable penalties associated with a preoplanned
MEASUREMENTS OF RUNWAY VISUAL RANGE traffic flow are to be preforrod to the chance penalties associated
1. .A. C Stage hrt AOARD Plans and Develop. for Air Traffic with a random distribution of traffic. At the some time it is
Sysemser Feb. 10'16 11I p refs (For availability Be@ N76.2319 miglit eul l ~lll lnlllleloltdwt hA. Stge eviw o lie ad aailbilty etuns imprth v a o radmc l possible Atpenalties associated with uho~the

,-14.0411 systern to an aceptaftble minimum. Author
Thlis review of tire meaisurement of runwaiy visiual range returns

to the basic recommendation of the Interntlional Civil Aviallton
Organization as the baeis of a fundamental appraisal of the N74123224 Massachusetts Inst. of Tech.. Cambridge. Electronic
Instrumentation and system requlrements. The definitlor of the Systems Lab.
operational requirement contains an aelsament of the inistrumen- APPLICATIONS OF THE AIRBORNE TRAFFIC SITUATION
tltion teak and stresses the need for representativenese In the DISPLAY IN AIR TRAFFIC CONTROL
measurement. The processes of selecting and developing the Mark E. Connally In AGARD Plans and Develop. for Air Traffic
Instrumentation techniques using supporting data processing are Systems Feb. 1976 12 p refs (For availability see N76-23191
shown to provide superior system perf.maince. Result. front 14.04)
evaluation trails demonstrate the superior performanwap of an The potential usefulness of displaying traffic and map
automated runway visual range system over the observer in Information In en altur-It cockpit and the effecte that the availability
providing operaltionally useful data, In conclusion, the paper of such Informtutloir would have on ATC procedures and capacitiesdiscussiis future requirements and irtstrumentatlion teuhniques are evaluated Thpiu tests Inducate that the ATSD is a valuable
for supplementary visibility assessment. Author aid to the pilot hii eecutling the following basic functions: confliot

detectloni ond raeolution, conforming to airspace structures, precise
spacing ;n trail, merging. sequencing, monitoring runway

N7-?23220 Federal Aviation Administration, Washington, D.C. occupancy, backup procedures after en ATC failure, approach to
INDEPENDENT LANDING MONITORS/ SURVEY REPORT one (if -ao closely spaced parallel runways operating Indepen-
Gubce Tinsley In AGARD Plans and Develop, for Air Traffic dently, and tatlilng on tire airpott surfles, A simulation study of
Systems Feb. 1976 2 p rats (For availability see N76.231i1 a terminal area moetring and spacing system In which computer
14.041 generated commnands were transmitted directly to the pilots

Continued Interest over a number of years In independent showed that tire Introduction of the ATSD eliminated all violations
lending monitor systems has resulted in proposals for widely of spacing minimums and out the dispersion of arrival times at
varying techniques and devices to give the pilot a check on the the runway threshold in half. When tire ATC generated metering
primary instrument landing system and in assurance that the and spacing schedule was mardi available to the pilots and their
approcalh end landing Is proceeding slfely, An independent flight instruments modified to assist them In executing a 4DRNAV
assess6lment that an approach is plogressing safely mniy be esential approach corresponding to the schedule, the dispersion of arnivel
for operator acceptance of appromah guidance based on a single tre erriors at the runway threshold was reduced to less than
electronic signal. Current related developmrnts anr summlanrilled the-ri ,icondi. Author
to include concept, tephnical characteristics, and development
status. Far programs preeently undergoing tesling, a brief summary N71.213221 Ifaytheun Co.. Wayland, Maoi. Equipment Div.
of lest results is included. Author A NEW SYSTEM ARCHITECTURE FOR ATC AUTOMA.

TIrnN
N76-23221 Royal Radar Establishment, Mnlvern (England).. PaulE Hamburger li AGARD Plans and r lop, tat Air
COMPUTER ASSISITED APPROACH 61IOUINCING Traffic Syateme Feb 1978 13 p reft (For availability one
J. M. Bonny In AGARD Plens and Develop. for Air Traffic N76-23191 14-041
Systemns Feb. 1967 7 p iFor availability seo N76-23191 14.04) Automtiton 1 f the National A1r4s.4, System (NAS) is wellArt experimental prototype system is described that In being underwat with both ainroutn and termsna l S ontrol aiwtell
developed on behalf of the civil aviation authority, to investigate succesirllte converted tc atuometion. These systems are based
the feasibility of providing computer asaistance in the approach on IntatyL 1,g radur outputs to high riusolution display, through
sequencing task at Heathrow airport. Authoi" on- or - ,, large scale computers which provide a variety of

lutomrt,,r Iirniotions, the most Important of which aer tracking
N7 -23222 Transpotlatlon Systams Center, Cambridge, Mass. controlled dircratt and fornialtling alphanumeric date blocks for
ADVANCED AIR TRAFFIC AMANGEMINT SYSTEM the associated alroraft. Recent studiesIsor air traffic control systems
STUDY outside the United States have shown that for applicatlons with
Robert H. Reck In Agard Plane and Develop. for Air Traffic lase concentrated traffic, a system architecture In which
Systems Feb. 197 11I p refs (For availability see N75-23 1g1 numerous minicomputers share the processing task. has significant
14-04) advantages hii cost. reliability and modularity. By being modular.

Plans for the ,cdvanced sir traffic management system for the numner of minicomputers required can be tailotred to the
the late 1980's and beyond are summati•ed. The Dians are Wiae of the air traffic control center. and the computer programe
presented In the framnework of art evolutionary system concept site non be tailored to the functional complexity warranted by
of traffic management building upon the upgraded third generation the coumitry's sia, traffic level. and sophliticalton deuired. In
air traffic control system, and designed to meet the projected designing such systems, minicomputers era assigned to functionsdemands for service, safety. and flexibility in a oest effective in one of two ways; either functions are subdivided and
manner. The advanced air traffic manegement system concopt minicomputers are assinged to each subfunntion. or a function
is charioterised by the use of satellite to supplement ground performed in a ilmllar way many times is subdivided so that
equipment for aircraft surveillance, navigation, and communication several minicomputers perform the function once, or at most a
over the United Sltates and nearby oceanic regions; strategic few times. Author
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N7S-23226 Lincoln Lab.. Mass. Itril of Tech,. Lecingloir. N70-24201 Analytical Mechanics Associates, Inc.. Mountain
CONUS AERONAUTICAL RADIGNAVIGATION BY SATEL. View, Calif.
LITA EXPERIENCES IN THE DEVELOPMENT OF AIDED IN$ FOR
Irvin G. Stigltit In AGARD Plans and Develorp. lor Air Traffic AIRCRAFT
Systems Feb 1976 b p rafs Sponsored by DOT (For nvailabilily Stanley F Schmidt ir its Fleet Aspects of Kaliman Filtering
see N76.23 191 14-04) linplonrentctiorr Mot 1976 21 1) lots (For availsbility see

A variety of sat ýlitv systeir concepts have been promulgated N76-24200 16-041
as solutions to the (.ONUS ATC problems. By uategorizing these. C-vperiencas in tilia developrment and tobi rnviraliaton of Kalman
it is possible to drew sortire generally valid observations about filters Ili aided travigation systemsi for aircraft are prresented
the chiaracteristics of each of :1am By %electing system Destigns for two oprerationael syalarri lot siiouteiiavigation uses
architacturou, represenitative of oach category. key technical aspect and two expaririental aysterrra for terminal miaa and lendlirg
of systems within each catagory ccii be explored Critical aspects uses are deiscriberd The primary ninphavasi in onl thut developmentasl
illuminrated include avionics complexity. icqurred number of approach 1.i86d witth examnplesi fron the actuail dairiurra Practical
satellites, system viflnerability, capacity. requirori ground process-.osraairr r tincda ia rntli i itei rua
rIng. arid accurac~y. Author finsimiultionni ard titesuuy etal areo thren thoi cinii trs nirratira 11

Imrplemenrtation of the Kalnman fillet which Is user) iii three of
N7S-23227 Deoortmenl of Transport. Ottawa (Onttario) the acrtual Systems. Problems encountered in autual designs and
AERONAUTICAL EATELLITE SYSTEM (AEROSATI the solutilons selected for those problems arm dlIsussed A brief
J. Ruden and J. Thomas /it AGARD Plans and Develop. for overview of thre poasible future train-s In aircraft navigation systems
Air Traffic Systems Feb. 1978 10 p (For availability son is also givein Author
NfIO-23191 14-04)

Art experimentlal atronniutichi satellite program is being
undertaken on an international besis to provide a satellite systemn
and to evaluate the ability of such a system to meat future sit N76-24202 Rockwell Inetainatloiral Corp.. Anaiheimt. Calif
traffic controli requirements over oceanic regions. The reasons Autonefics Group.
for undertaking such a program are outlined. The systemn Itself PRACTICAL CONSIDERATION$ IN IMPLEMENTING
Is described and the prnitiopal paramreters, which will be evaluated KALMAN FivirERls
to assvess performance arid mstabllih standards for any future John C, WoUsifr Ii am Prect. Aspeuitit of Kalmeri Filtering
satellite system. are discussed. Autfhor Implemnentation Mar. 1976 11 p retf For availability bee

N76-24200 15-041
N75-22U5Techniques that are used to Inmplemenit the Kalman filter111711-321 Messerschmitt-Boelkow-Blohm G.m.b.H-., Munich for aitrcraf Inertial navigation applications are prevented. Tha

(West Germarny), Human Engineering Group. applications Include AM SA advanced developmeint task flight test.
MEASUREMENTS OF THE CONTROL CAPACITY OF ATO FB-il I a nd F-i ItIIO aircraft avionics, at-see aligntient aboard
KasYS oacE m rui InAADPasadDvlpfoAr aircraft carriers, and stationary alignmetnt of electrostatic

Klau JochimBrassi n AARD lan andDevlop.forAirgyro-sirapdowii navigation syateni. Techniques used to simplify
Traffic Systems Feb. 1976 13 p refs Ilur availability wso thecifilter model are discussed. The use of random walk andN78-23 101 14-04) white noise error sources is described. State vector transtorniatloirs

'Three methods of measuring the executive control load end ae1vfre osmlf h itrmdl eoto ffiue
control capacity have been developed anid applied (1)1 the are scopa f lot d to simplify the filter model. Deeton rofa * failuets.
measurement of the total time consumption of ati executive control 1 Ceomptatlionlu bytefnique thed inreaurMLemel f itr fixed-npoints
tasks generated by all a/u movements occurring In the area of arotmputicateonalstucsed.quesfuedxinl covaputner wntith tscd-pingt

juridicionof he xectiv conroler;Thetim sauraiontechniqeue is essential to mailitaln adequate resolution in a
condition Irndicates that the executive control load is approximating fixed-point computer. Efficient algorilthms fori covarianice maftrilt
the isauratloti, i.e. the control capacity: (2) tIre measurement of and stale vector extrapolation arid reast rai described. Author
a wail defined partial work load which hes been proved to be
average constant part of the total workload, this partial work
load being the R.T. channel load; and (3) controller q isotiunnairos N76-24203 Boeing Co.. Seaittle, Wash.
on estimates of their control capacity. Author EXPERIENCES WITH THE 1.1 NAVIGATION FILTERI

John E. lergesoan In Us Proct. Aspects of Kalmane Filtering
Inmplementation Mar. 1976 21. p ref. (For availability seeo

N74-23221111 Royal Radar Establishment, Malvern 11inglandl. N78-24200 115-04)
A MEASURING 0100 FOR ATC SYSTEMS. THE INDEX OF Practical aspects of Kalman filter desigir are discussed. Topics
ORDERLINESS presented include error imodal definition. software-iinplementation
H. Gent In AGARD Plant and Develop, for Air Traffic Systems r0onsldorationa enid flight test verificatioir. Although B. I navigationt
Feb. 1976 8 p role (For availablity asea N78-23191 14-04) filter eaperiences are emphesized. the discussionr is applicable to

The Index of orderliness in considered as a measuring rod Kalman filter design for arty tong-range. high-speeid cruise vehicle
for ATC systems which gives a numerical estimate of system with similar naevigation sensors. Iiterlitill-platforrnu view-inductid
perfornmance at any moment of time. Itin 1calclation reqluires a phenoitierta and Itheir Implication for filter ditsign are ar-rphe-
basis for conflict prediction and a threat weighrtintg fo~rmula. The sized. Author
index is then defined as a weighted count of future conflicts.
The index of ordotlinvams/tIme curves produced by a collision Mi76-24204 Deuitsche Forsolturigs- und Vernsuatrsenstalt fNor
cuvodnesycotain vilualeifration I n t cssd tr respowns tiat ofutheLf-n EXPERIENCS IN unsLIGHT (TestINGeHYrmanAVGAIO
auvodnes systemn vimualeifration i n thue red spIt nse ahwir thatsuhe AXLoft- E u Id u FhIt, T TruSwIck West I NArVIGATIO.
system. This time structure [is displayed via calculation of tire 11ISTSVMS
eutocorreletion function of an index of ordeiliness graph. The Heirre Winter /if flis Pract. Aspects ofI Kalmran Filtering
relation of the Index to a complete ATC system viewed as a lImplemenrtatioin Mar. 1976 29 p refs (For availability se*
hierarchy of control loupe Is presented end shown to be close. N70-24200 15-041
Finally it Is suggested thaet Indices of orderilinss can be used to Experiences gained hri error miodeiling for nravigetion usensory.,
give a quantitative measure of the style of an ATC system, as designing filters icr hybrid navigation systemrs: sensitivity analysis
well its of Its performance. Author of theme filters; building up high precision retelrirc"s systerris for

the flight teats; flight leafing hybarid iravigation systeirre: arid
evaluating this flight test results aer described. The navigation
accuracies of Doppler-inerilal and baro-irrertial systems, derived
front theoretical arnelysis arid fligfht tastej. ars ijivsrr Author

N76.24200)# Advisory Group for Aerospace Research arid
Developmenit, Paris (Francsel
PRACTIC~AL ASPECTS OF KALMAN FILTEIRING IMPLEMEN-
TATION 18 ssN76-24205 Societe d'Applcations Goinarales d'Electricite ef

IAGARi,)LS-82) Avail. NTIS i-C6? 10 DESIGN AND DEVELOPMENT OF KALMAN FIIkTENS
Application of Kalman flilciruring to guidance arid conitrol Is NAVIGATION SYSTEMS (ETUDE IT REALISATIONS 01

investigated. Emphasis Is placed on Inertial navigation systems PILTRES 09 KALMAN POUR SYSIEMES 01 NAVIGA-
for.aircraft For individual title*. see NIfl-24201 through TION)
N7 -24207 Pierre Feurre slid Loia Cambenlein /it rts Pract. Aspectns of
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Kalman Filtering Implementation Mar 1976 42 pn lots IIr A C D Watts (Brit Arntry Air Corps) In its Medium Accuracy
FRENCH. ENGLISH aumnriray (For aviariability see N76-24200 Low Cowl Navigation Aug. 1976 6 p (For availability see
1 6.04) N78-32148 23-04)

Two &ysterrie usrrr6 Kalmanai filterirrg aro ductscibod. A hybrid Operational factors influencing the requirement for army
inertial.ot0oppler -positioni leelc navigator wian studied and battlefield helicopter navigation systems are discussed and the

xirperimentnrd from 1967 to 1972 Tre rnumerrical algcrrilthnis were needs of the operating crew are outlined. Theme considerations
studied and irapleurrenteuf with care Tire c'srrpltet prugriarr was learl to the conclusion that a low cost. light weight. accurate.
split into two computeurs. and tirea subprograrm corresponding to self-contained navigation system is requirerd. Author
the filter represented abouct 0.000 words. over 11.000 for tire
total Curves are given bioth tar thooretical performances, aridN73215 RoaNvyLndn(gld)
for experimentlt tflight rerrulite. Alg~orithmrnr anrr software lor optinrail7.2U oa ayLno ~gacA SURVEY OF LOW COST SELF CONTAINED NAVIGATION
alignmrrernt oft rr Irnertiral iuatturriln wrait drivoioprr aini retrictrr SYSTEMS AND THEIR ACCURACIES
frorrt 1972 rto 1974 1h Ire rrt~ria rrynitrrr rrritmo r lth riir irpi rrnrrt J. A. Tayier Ira A13ARD Medium Accuracy Low Cost Navigation
rut unir MGC 3.0 Tiumatrrruitirrrrrcai riurlulini qiti ninth l armliriiid Aug. 1976 6 p (For availability see N76-32 148 23-041
tiria cormpilirti tittilijinirlit piuirrrirr rrhrrs 1.800. wcrrrir tirr A definritiorn of rmedriurm aucutrac1  and low crast is frrst
innpiuveunert in uhnigrrrnrt ltime rs qurte raroreshrvu 450 seconds attempted, and it is noted that air data systems do not achieve
for optimali aligrirmitrit. to be iromipainrir Iic 1.031 socandrct for medium accuracy arid inertial systems do not yet fall within the
clashical alignrment Author definitior of tow cost. Some simple truths about self coittained

systems ore hl~ghlighted. The level of assurance at which navigation
N76-24206 Lu Petit Mcanthlreor. Aeigira (France) accuracies aer quoted ahould be standardirred. Doppler/compass
A SHIP TRACKING SYSTEM USING A KALMAN- SCHMIDT accuracy is dictated by heandling accutacy overland and by surface

yFILTER effects over water. The basic navigation Information required by
Claude A. Detinon Ili ifs Piact. Aspects of Kaliran Filteriirg the pilot Is whether he should steer left or right. tnvestigation is
Implementation Mar. 1978 24 ji rats lFor availability seai reqfuired on how best to integrate navigation systems with low
N15-24200 15-04)1ih esr.Ato

The digital processaing Is deoscribed of riiassuimerrts ata
high accuracy ithip-tracklirg system The errors affer'tinrg thia N78-32151 Ferranti Ltd., Edinburgh (Sooleand).
saginuth measuremnent supplied by itia mevesuitinij device of tire THE CONCEPTION OF LOW COST NAVIGATION SYGTIMS:
ground-baessc station aru found to bit tIre irnst wirrical for threARORSINE
overall accuracy of tirea system. A Kaiman-Srcridit tiller isl seleuteAR R CENE
for tirn optimunm estimiation of the aaimriti spileed. followilng W. H. McKinley Ir AGARD Medium Accuracy Low Cott

conparscis wti a alrranfilerari ai avna~urril frtt~. TraNavigation Aug. 1976 7 p (For availability %see N76-32146
estirralson ofithr naviKasman filar ainetd ois desrgibed aitd Tire 23-04)

estiatin o th naigaionparautus i docibd aid liaSome of the factor* involved In arriving at the requirement
position aind speed accruracy achtievedt by lire systehm run calculatud, for lovw cost navigation systems were pointed out. ft turns out
Moreover, various effects resultinig tromi iae data proceishing Il hat while improvements in technology tend to reduce the costs
ai contputer tare analye end optinflirani fur irstarice choice of of conventional systems, a true low cost system Is probably
tirea computation rote for tire sairnutl voluuity, ricairig of itavigatirru one which is capcable of extending the facilities offered by It to
pararnatara, etc Finally, tire prograinimnring o iluia clata processing applicatiorns in which earlier twolutionis would have been declared
Irn a ialictouoirrtutor is dtescribedsid auntavlualanl front two urreconomic. 11he initial adoption of many of today's navigation
etandlpolints momirmny spouce requr~irereneti arid trrunipirnatiurr tints. techniques his been a result of the predsurea to apply a new
The results obtarerte conrfirm tilie efficierncy Of tirea solutiotns teohnology. It is suggested that in the low coust area, thes
iteisnied. Author corresponding pressures stierfed by the market are much more

N76-4207 DousuhuFutahuns. ud Vosucamnsalt uelsignificanit. Most of today's doyevise meet traditional requirements
Luff. und fleunrifshrt, Obeiplafferihoferi lWas Gerilrlayl and the techniques available to huridie them are related to the
0ESIGN AND ANALYSIS OF LOW-ORDER FILTERS minimum requIremeants of the operator. The closest end fattest
APPLIED TO THE ALIGNME NT OF INNFITIAL PLATFORMS posibelbe process of Iteration between operator arid system designer

VWilir Kortueril Mn its Piect. Aspects ol Kalman Filtering Is necessary. Author
Intplemorntatluri Mai 1975 26 It rfill [For availabrility siee
N70-24200 16-041

Tire typilcal steps arid trrauirtorr fu reiayinrg luwc'nctsri
efficient slate estitartors or Kalmnart filters tars nissuribed. Tirs N70-32152 Aeiropiarie and Arrmamenat Exaperimental Establish.
design %st)%r are dniaorrsti ftied l am 5lelaforir atignirirrrt piarbleiri mont, Bosciambe Down (England). Navigation and Radio Div.
whoers la 1trn susdrte hncniitua riouu MEDIUJM ACCURACY LOW COST NAVIGATION SYSTEMS
to retucir fire lituringructiasay for the rerlrirri liairgioirnt accuracyFO ICPIM

T~r wok eprrtei s bsedni a ea seiesfo urorlriirr gyo~t rftT. J. Penfold Ira AGAFID Medium Accuracy Low Cost Navigation
anrd ancclerurriae mrrlrtia Tho select ion ofi a naignati mrodels fur Aug. 1976 7 p (For availability sees N786,32 148 23-04)
tirea filter, tIre" filterl iarigil r tsulant rd a r~uirpinati couarirranccr iianaysis All tire factors leading to a choice of a future navigation
are erripiasizenl Tirs main grral of then fiiter itesignr Is to ucirieve systein fur military helicopterr ware examinired. The examrinationr
a 1iaiir i . low-0 urn. rrraerrsrtivrril (nirigri. Atir liar comirsders tlie past, tiria basaic requiurermerits tor tlire aiyaullanl

system, tire hrelirouplr anilotaririrent. service rerqoirarieiatl. possible
sysiatoins. cost arrid atitride rdiatior. It is con~luded that as

11176-32114111 Advisory Grou~p for Aerospace Rlesearcih mind Dopplar/corrrpasm vysteiri couldt meet the requirenironts for
Development. Paris lFrance). ineilluni accuracy/low cost systerr but that the requirement needs
MEDIUM ACCURACY LOW COST NAVIGATION further definitiorn eslieialty In ihe areas of operational requirerrent
Aug. 1976 387 p rats Proeeeitsd at tire AGAIII Aviornice and costs. It is roped that Ili the future sonre meassure of
Panel Tech. Meeting. Sannfeflord, Norway. B-12 Salp. 11975 stnlarrdarizatioir be achieved. such an attn will need to be
(AGAMD.CP-176) Avail NTIS HC $10.75 recognised sraill receaivil tire goodwill of alt intierestedt parties.

A total of 29 papers were presented dealingj with Imedilum Au thor
acouracy low coat navigetion systems for atircraft end other

A vehicles. by considering aill the optlons available, cc as to
determine. If possible, tirea optimurra cost/accouracy mix. These N76-32163 Hawker Siddeley Aviation Ltd.. Bnough ilirgland)f.
papera ware dirvided into the following five aremas. rerquirements SOME NAVIGATIONAL CONCEPTS FOR REMOTELY
anal specifications, radio teciriiquesm. nonruarnilo tachiirques. PILOTED VEHICLES
appropriate rmavigetirmn systemr components. arid total systemt J W. Lyons, J. D. Baninister, arnd J1. G. Brownr Ir AGAIID
considerations For indilvidlstitillies sea N76-32149 thirougih Mediumn Accuracy Low Coat Navigation Aug. 1976 10 p rafs
N70-32178 Authror (Fat availability she N76-32 148 23.041

Meltrods try which thf rnavigatiorn function for Rernotely Piloted
N76032149 Ardvisory Group for Aerosprace Reseaurchr and Vehicles (IRPVsI can be achieved without the need for cormplex

Developmrent. Parris [France) OSIEE specialized navigatiorn equipment wars discussed. The objective
HIGHLIGHTS O KEY CHRCEISISCNSDRD1 to make use of eqiuipmnnrt nornisily carried for RPV operation
FUNDAMJENTAL TO ANY NAVIGATION SYSTEM THAT to supplemenstt a simnple dead reckoning navigation cyslten Thirs
MIGHT SE INTRODUCED INTO BRITISH ARMY AIR. tidditiurrel processing Its carried out at the control cencer where
CRAFT restrictions air eqiripiaruit sela arild coat are not so prohibitive.
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Techniques varying fromt the use of the data link to provide N76-32157 Naval Electronics Lab) Center. Safi Diego. Calif
range-bearing navigation so mnap matching using reconnaissance A NAVIGATION MONITOR FOR VILF SIGNALS
sensors ar a forward looking sensor picture were discussed Use E R Swar..,orr io AGARtD Meadiumn Accuracy Low Coist Navigation
carn also be made of an on-board leaset to provide rarrge-to-terraln Auig 1976 7 1) ruIs (For oavelcl.1lrty see N76-32148 23-04)

Meesurements which, when correlated with a cormputer vtoied Air rvivaruuw of thiii need for antun tdreieignr al VI F nraviglatrion
map, enables thre RPV position to be continuously updnred Rlesulta mnrriitor is prerseniterd Fuintuirenrtal assrociaedui with variotia VLF
of simulation studies carried out to validate the techrwquins and niavigationial tichrngiiues rer rlincursvs briefly. 2-norlti ficorincy or
provide ern estimatrre of the accuracies tire mresented Author Iiiti nri mnttra ai nrrthnwtla nntnnt airisr

in normalrrnly possnnibler but protuctiroin ugainrit prupagaitioiiall y iriducrui -

N76- 321 54 Rockwell I nternaioenoal Curti., Aniahet r.. Calif.iriirri iriiliiiovedtysnnvlrir riintrTreiartr
MICO-NVIATO IICRN)canr be desitgnedi so ii to pirovider riot only (list urburico warning
MICRO-NAVICAOR IMICRONIbut nislo drriiluiaince, prodrl~nr~~i Thi monitor can ilio wairist iii

PJerry A Schiwarz In AGARD Medium Accuracy Low Cost itfih olo
K ~~~~~~Navigation Aug 1976 14 p, *iefe Sponsored by tire AF IFor rnllfl inio

V ~availability sear N76-32 148 23.04)
-rThe Micron elrapdown inertial navigation syetem, developed N75-321 68 Stanrdard Electirik Loretri A.G. Stuttgart [West

to be a low cosl medium orauracy lone nautical mile per hour Getitrarryl
radial position error CEP rate) navigation system for future SOME CONSIDERATIONS ON POSSIBLE NEW VHF LOWI
aircraft/ missiles requiring medium accuracy, was described The COST RADIO NAVIGATION AIDS
heart of the Micron system Is the mic ro -electrostatic gyro, which M. Sruahir In ACARD Madiurn Accuracy Low Coat Namvigation.3
conflilts of a one centimeter diameter spherical rotor suspended Aug. 1976 16 p rilts Wor avonllbillty Joe NWni.32148 23.041
electrostatically by eight capacitor plake. This rotor Is untorqued. Now possiblintieas for low cost rnavigatioir aids Ion ubse in -

thus avoiding the accuracy degradation and reliebility degradation allocated VHF commnirncation frequency bonds are described
from gyro torquing electronrics. The gyro is used In a atrapdown Coirventional VHF radio seels are to be useable also for navigation
rmechanizaation and utilizes a unique moss-unbalance modulation by adding a simple attachment Three sylsirn proposals are

ttcnglues Tfor obrtaining Mwcole system headuover banl abriatuer presernted (I1l The ship navigation system ESF1 is to uise rfioii
angls. wo areebord icrn sstes hve eenfabicaedelstionns eimploying either amplitude or lracjuuiicy niodulation It

and tested. The lubt resrults indicate better performance then would provide 0. 1 dog error azimuthr within a sector of e ig
the sa entiei ile/r prforanc goa tider ll nstinmnnte10 deg and 3.5 dug error orn-nitrange aztiroutt. Q2) Thne shipItested (laboratory, vibration, shook, cold soak. scorstby, van. and identificamiorn end location systeam SILOS is tc ermploy at rhihin

designed, and a full evaluation teat program Is planned. Author ships by bianigulating their communications transmissions. 13)
The hyperbolic navigatinot system HNS for tactical applications

i'dis to use a chien of VHF !*.tau'n iransmritting synchronnized
N76-321 55 Draper iCharles Stark) Lab., Inc., Cambridge. Mass. modulation frequencies used I"navigation. The coordinates of
DIGITAL PHASE PROCESSING FOR LOW-COST OMEGA the highlry mobile unati'imis car, be transmitted io the auter
R ECEIVE'cniosVinacddfr Epoe cuac s6 nCP
Duncan B. Cos, Jr., William H. Lee, William M. Slonestreet. Aotuthotracoe ~in sjnmetacuayi 5 E'
and Edwin V. Harrington, Jr. IAFALl In AGAIRD Mediumn Accuracy
Low Cost Navigation Aug. 1976 16 p rtef (For availability
see N78-32148 23-04) 7-25 astcmd1lelo AIbH.Mnc Ws
(Contract F33616-72-C.1335) Germnsiop.

LThe application of the serial digital phase filter (SPFT) to CONTINUOUS NAVIGATION UPDATING METHOD BY
5. ~~~~~~~Omnaeg receivers Is exiploredt. It Is shown that the internal functticons EN AE ORLTO

of an Omega receiver can be organized to take advantage of MAN OeFe AiRd A CORREki LATAION Merlurri Accuracy Low
onarrnreSOPs uedincmbiaton ithenLSImiaopoca--Cost Navigation Atig. 1976 19 po refs (For availability sne

asor. The SDPF's can also be used to reduce the toad on the N63182-4
microprocessor by reducitng the bandwidth of the phase data N il aut49 rnu 23 oatcupain.04) s osiee
being presentaid to it. The SOPF's can also accomplish domodula- for the improvement ot navigation accuracy. This is based upol.
lion and analog-toadigital conversionr. thereby eliminating the need' the correlation between an instaintaneously taken picture and aI
for special irnlruitrv to perform thet* functions. Because of the stored scene of the area of interest. The disiplacement betwinen
reduction .;. date banidwidthr. thnre is an Increase In efficiency tira actual position arid tire indicated posintoi itaks.r frnom thoend productivity of the micropiroiressor. The processing efficiency nirripili basic snsterril is derrasd froni the irrasirnim crauscorretation
of tha entire receiver Is then more closely maximized with reapect of then two pictures. Flesiirli of nlifforvirt coirualutionn-tgurithms
to hiardivare and software cost. The design approach is applicable apidt rirwv mgso lteor ie i cm
to a brirn-bories receiver. whinch wouldn incorporate ihe mnstcmriitgayvfinai ho.Tocmfrfuliresrc
elementary rind insixpensiver iricoinrocenyor or iro mincropnrocessor work nocissary betore flight testiing such a qVynteir are outlirneid
at all Author Author

N76-32160 Wsilerriruultr.Whto tnard Co. Ltd. i.of- . i(riiiianu .
GRAPHIC AREA NAVIGATION WITH VORVOIR, AND

N7 1.32156 ITT Avionics. Nutiley. N J. VOR/OMIE INPUTS
t.OW COST NAVIGATION PROCESSING FOR LOIRAN-C G. Wanabronrghii~tli its r AGARO Mediumn Accuracy Low Cast
AND OMEG3A Navigation Anti 197b 17 po (For availability von N76-321 48
James F DeLornire arid Arthur H Tupper) Iii AGAHD Medi~irr1i 23-041 *
Accuriacy Law Caist Navigation Aug. 1976 17 p IFor availability Tire flliowinig coniclusionrs relative to 5onirr snupacta of graphic
sne N71" 32148 23-04) area nauvigationr worn given anc isurcuissed. I1l aeia navigation

A ie'.nhioiogy leasbi~lrt derrrorrstrItinrn1 Wan pi111rnorirni to offers advantages of safely arrd scorranry to both airlines end
detorirmine ithe imrpaict of advances inn MOS! LSi semiconduictor gseicral aviatiori. with advanrtages to err traffic control. 121 area
ctevaiopriis, onl perormanirice and coat of radio inavigtationi navigatiorn must dirpeird on cornventional OH merthods. writi and
sRLtIiPirlOut. in particular. Lorain C tperformnance ar-ni coat without radio, in the low cost area of general aviationi Piaer
objectives were darrioristrateil. turn dmonrantraltroi htie clicrrly are rilut/inavigetor prtobleirs. arid one deivelapmnnit has bean,
strorle tihat tire pierforimance raquirirumeints for both austere and thin airborne courso lie computer (gttont VCRi). 131 anotherI
sooriristiratvd linersi can bie setisfiedt. Advauncemenet in samiconctuc. developmnrrit is Grapthic Area Navigation IGhNraiv. which dries
ltri rechiroilouy has providedn hrOS/LSI and Schrottky Br.Poiar/ LSI standardt VOH. DME (int otther tInputs). arid in a conmpuiter based
chipi nets, central hirocdassor uinits anid compatible semicoinductoi carteeran systiri that in; selt check~ing antit cuogroplnrctity oriented.

rin arnorrnce whose archlitecLtOr ib compratible with the requirements (4) G a Rhaysur airways tard miarinre appircatmrnik. (5) GIRNoy has
for navitiatiori pirceussmg This technroiogy lies beer, appied to been ishocwn to be n prarcticai. simple rind cheapnirravigationi
it Loran C 5cr-nor processor arid a low cost airborne Omregia systemn. and is now subject to scientific evaluationr in tire UK
Navigator. Tire ii,iptor prorcessinig. micmro-corntriruter coniguratlirton. arid the USA Author
re-sultanrt performnriicer rit cost projections for Loran C applications
tire described The renuini, of tire mecharijuativir for these systems N76-32181 Office National d'Etirdes ai de Recherches
tire ursed to configure at comobinsed Lorain C or Orriega Navigator. Aerospetiales. Paris (Franice)
incluidinig on nanssermnet of piarforinrinos paramreteirs. physical INEXPENSIVE SYSTEM OF MULTIPLE BEACON LOCALIZA-
jihiracteristics rid costs projiectionsu Auth0 , TtON FOR HELICOPTERS
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04 AIRCRAFT COMMUNICATIONS AND NAVIGATION i
Jacqtues Dorey by AGARO Medmiu Accuracy Low Cost Navigation N76-32 185 Singer Co. Wayne, N.J
Aug 1 976 9 p) rets InI FRENCH. ENGLISH maninioiry (For DOPPLER RADARS FOR LOW-COST, MEDIUM ACCURACV
availability see N76 32 148 23-04) NAVI-3ATION

Two syitutrna of irrgirliri (elervationi ard auirrsutiil locairatroir Heinnz Busll /i AGARD Mediumn Accuracy Low Cast Navigation
of mrultipte beaconrs 'or application to hairicopters. are pro- Aug 1978 10 p I~or availability aee N76-3,1146 23-041

isseated 2 syaterm rniikring usie of the halicoptar blades asl A Lightweight Droppler Nurvigarror Systemn MONS) was
rerceivinrg ilipurlr 5ltllriit. irr visrocriitior witht UHF entitting beacons. dosignird which weighs und':r 30 pounds and has a predicted

a syriteir maikiiig nus tfatir indelrpendeneit rotating atin as dipola niearr time di, eranca betwseei failures -f over 1 400 hours and
Siupport. PhIrecd iridfir uthi irirllicerirt fusielagei. iii associationr with a predicted navigation accuracy of 1 3% of distance travelled
microwave emitritinrg boriensir Tire first systoini is aralyzed in witih I% (I signa) headir. reference Th:' system is designed
detail. limritatioirns o

t 
var ioiir kindiis a ncr rirnpirasivd. in particular for use III miirrinl y hrelicopteirs The L1: N S conirrsts of tear unlits

tirrtie coniceurniing the workting wavotraiith Tire (Iota processing 11) Doppler rada. veilocity sensor. consisting of e receover
dlevices leading to tire ulecroninagrretrc rinagarv, of tlie beaconr transmitter antennam unit and signal date converter unit. 12) control
atngular diatributiorn ar~e described. The second systerti. loas display unit, end k3) stuerinrg hover Indicator unit. Diagrams
aptplicable to helicoilrte. Ia presertled Prod comrapred to the first Illustrating each unit are shownr. Author
one as regards ira performance Author

N76-32166 Ferranti Ltd.. Edinburgh (Scotland)
TWO NEW SENSORS AN D THEIR POSSIBILITIES IN LOW

7"N711-321162 Naval Weapons Ceintei, China Lake. Calif COST HEADING REFERENCE SYSTEMS
ATHE APPLICATION OF RING LASER GYRO TECHNOLOGY W. H. McKinley, A. Lisbing, end K. Ii. Grown In AGARD MadivrnmTO LOW-COST INERTIAL NAVIGATION Accuracy Low Coat Navigation Aug. 1978 7 le (For availablrtv

William F Bell /it AGARD Mediumr Accuracyv Low Cost Navigation site N76-32 148 23-04)
Aug. 1976 16 po For availability see N76-321148 23-04) The requirement for heading in a navigation stemeet. both

The Advanced Tactical Inertiai Guidance System IATIGS), a asl primary data and for the pointing of certain sensors is discussed.
strapdowir system using Rling Loer Gyros IRLG&), low-coat The airborne applications ot heading for fixed and rotating wing
accelerometers. and large-scal.3 integrated circuitry computer aircraft are examinired It is pointed out that developments in
technology. was drescribed. Although primarily developed for a gyroscopes, resultIng from inertial technology, now meke it
long-range tactical milssile applicnation. the system mechanization poesible to provide 1 heading menmory with a vary low drift.
that has evolved Is directly applicable to aircraft inertial navigatiorn But this Is not usablje unless the device can first be referenced
The tirst ATIGS unit entered captive flight evaluations in a pad to true North. whrichr Introduces the desirability of gyro-compassing.
on a A-7E aircraft on 20 Jane 1974. Results acihieved dluring This, in turn. leads to certain instrument requirements. Two new
thi first series of teats showed approxirnately 4 tntI/hr radial sensors suitable for use an gimballed platforms but essentiallyerror III March 1 975. ATIGS was ftighf-testao asl air aircraft of simple construction and relatively low coat. They are Double
navigator, with ground self-alignment tind with flight timet of 3 lIntegrating Angular Accelerometer and a Free Rotor Uyronacope.
to 4 hours. In these tests arr average ci-cular error probable the Oscillogyro. Possibte systenm configurfstioins are Indicated, and
radial urror of 2.16 aimi/fir was ub' -noid. Thu Rhring Loser Gyro conclusions are drawn as to areas In which these techniquesPILG appeals to oftfer a truly tow-cast alternative for future aircraft can mtost profitably be applied. Author
inrertial navigation bated orr the results of the ATIGS programt.
Further ATIGS results hays Indicated that excerllent long-terrm Y-26 tdrsiwr esttcnk0mbH eelne
stability can be expected frain these unconveintionat instruments. N53111 lcaifwr enttcnkGmbH solne
Threse factors indicate that, if ptrpoprly integrated withr low-coet IWrist Gerrmany)
accelerometerb andi appropriate low-cost digital computers, a THE FNA 815: A SELF CONTAINED LOW-COST NAVIGA-
madium -accuracy. low cost inertial navigator is possible. Author TION SYIJTEM FOR GROUND-VEHICLES

U K. Krogrrienn In AGARD Medium Accuracy Low Coat
Navigatioin Aug 1970 1 8p reis (Por availabaility see N76,32 148

N76-32163 Singer Co.. Little Falls. N.J. Aerospacer arid Marine 23-04)
Systms Drt.Thu Fairroeaug-NivigiAtione-Aiiiaige system'&s appilicatioin to aSytmsO.Gleirrar artillery otbservation lanrk is examineud Reqiuired perform-

INERTIAL NAVIGATOR FOR COMMERCIAL AIRLINES ance data endi geireral requmrerrrerts were triral utilizing proven
Julius Weliss In AGARD Medium Accuracy Low Cost Navigation hardware. To rmust the required very sirort hirrtialiration time a
Aug. 1976 11 p late (For availability see N76-32148 22,04) Matlitiar-Gyiro was tised for aligning tlire treading reference trait

The GAMMA Advarnced Inertial Navigation System is an of the system Puilt-irt test hardware and software wereOutgrowth ot tirea SKN-2400 family of military inertial navintetion 'incorpoiated to achieve higih error dtefectiorn aird locatizationequipment. astil heircu iepressents tle presiont state of tirea art ir prrobabiliity without the reed for esternial trial eqtuirmntsi.
advanced elactroinic packagirng. rho developmrent of tirea GAMMA Bacaute fill) nysatnri fitsellconltainudt it us, titus irsirraitive regarding
Advanced inertial Navigatron System, its physical and functional lrnur nisbsccifgiuir ti sermiyalwcs
diescription and its impact. streciticaily orr enrailer general aviation systemi and becausie uf isb moduilar deignir it can be moditied
aircraft, are described Thin devalopmrnrit of thet syntoren was urnitl aLugirreartr1n irVAily Autihor
completed after rianriy mnornths of qurtirticatinri andr flight testirrg
under the aeogis of ttre Federal Aviation Admrirristrationi (FAA)
The details of trasrit teats irid their results are provided. Aiithor N76-32168 Morccrr.Eilnrrtt Avioinic Systatrms Lidl . Rochester

(Enrglarrri. Airport Workri
HELICOPTER AIR DATA MEASUREMENT

N76-32164 Telsdyrne Hyatt Aeronautical Co.. San Diego. Calif C. J. Frost IIr AGARI) Medium Accuracy Low Crost Navigation
LIGHTWEIGHT DOPPLER NAVIGATION SYSTEM Aug 19763 13 p lFor availability see N76-32148 23-04)
Robert E. Chapmair /it AGARO Medium Accuracy Low Cost A heliioptter sir data sensor Nystenr wasl developed which
Navigation Aug. 1978 22 p (For availability see N76-32 140 can provider acciurater air dale including forwardi. aftward. sidewayr
2.1-04) anrd vertical airspreed uintormrationt for fligiht comirtrl anti navigation

A aelf conrtainred. tow cost. lightweight. accurate. arid reliable purposes Tire helicopter air diota system consistst ot the followiirg
navigation system for rarillitary helicopters was diesigned. The eiqtuipmtenrt (1l a iruiti axis swiveliiirg rIlot static probe. (2) a
sYstiOLi conrsists of at Dopplur Radar Velocity Sensor IDRVSI dtigital ali data comnpuuter. aird (3) optionial i~mlyapty of altitude.
artid a Compuirer Dispiay Unit ICOUi with a commititeod rmeanr altitude rate, calibrated airreated. sideslip angle. comirbined torqae
time differeince between tailuros of mote than a 1000 hrours, arid rmaximum torqule, payload margr)in. antI irr temperature
and a 38 percent circular error probabiiiiy. The catpability of tire Present irelicoptur air data seonsors stiffer from gross errors at
system to be integrated witir radio-aided navigation sy~stirnris sucir flight velocities below 40 kitoti The causmes of titusi enena aire
as LORAN andi OMEGA isI described. An Important feature or the [irability oft iernirnoi sensor rtn drrneCt IOW 8ri velocitioU Or
the system is the capability of rapidly sisolaing failures to a dyrnamic pressurest. aurd] tile corriuptionr of the proresniurfiow fietld
replrlcible mrodiula, arid ease of replacemrnert of the 'failed' module erounri tire hrelicopter by tire rotor Induced fiow. Photographs of
The uie of a special mrodulation form in tirea DFIVS to develop a the instralledl air data sensor systemv inn a irelicopter arie pro-
cohsrent local oiscillator isI ceiscnibed. Also describred is err IMPATT virted Author
solid state transmitter. tittle drupiened travelling wave array
antenna. aind dligital frequenicy tracker. Use of a single chip
mricroprrocessor in tire CDU Is described; emphasis orn the truman N76-3211119 Speirry Gyroscope Co Ltd.. Bracknrell lErigienii.
factors engineerirng aspects of the rnrianrrrachirre Interface Rebults LOW COST SELF CONTAINED SOLUTIONS T0 THE
indicate that system meets the requsiremntest that it was detsigned NAVIGATION PROBLEM IN ROTARY AND FIXED WING
for. J.Pt T AIRCRAFT
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iEBrewiri [Dcca Co. Londlon). T S Kitchirig (Deucea Co., London). wore calculated and analyred for different flight profiles. with

and 0 L Wright I,, AGARD Mrrdiurri Accuracy Low Cost and witlhout updating for a spi-cific type of inertial navigation
Navigation Aug 1976 11 p (For availability sea N76-32148 system' Author

Defainse I)LIrlgrr lrimitationrs often mrako it nercessary for the N76-32173 ITT Avionicri. Nutley. Nuoperational staff of nmany, air forc~e to review threir avionrics systeim MEDIUM ACCURACY, LOW COST NAVIGATION: LORAN-C
requiremerants Only lirniteud reliance cair be planced orr tire tuse of VERSUS THE ALTERNATIVES
giround based radior airtr whirti ilia highr coat pure irrirtial stolution J P Vairlittei In AGARiD Medium Accuracy LOWY Cost Navigation
far fotrrrr satirfifes thireimultiplicity of mrilitary aircraft roles with Aug. 1976 24 p) rafe (For availabiltiy ace N76-32 148 23-04)
which tire operratronal sitaiffs have ito conternd A Modtular Building The furndamenrtals of the Loren C syaptarn are compared with

cairbe tiloird o nivid t~r reqire Isutitiis nd parloin.Loran Di. Tire opeartit onal mrerit. tihe uiniversal applicability, and
r Ir to merit a ritricific rote while retainirrrg at friigli regreir of tiria econorry rf Lortin C urn cistisiurisd Tho use of Loran C as

lgstc cuirrircrirrilty bertwrerr differring aircraft typosr. anid at a a low cost nravigation systemi art a national arrd lrnternationasl
low cost. The prnorusaod irodular solutilon. already a fact with level is examined. The use of Loran C itt military. nonmilitary.
hardware iir productiotn arrd going lirto service is based upon and commercial air service is also uctnsidered. Raido frequencies

thre use of tha following hardware elements ill a two/three rind bandwidth used by Loran C and other navigation systems
axis velocity aeneoti. t2) a two/three axis heading/ attitude sensor, aer cited Also crovided are bplock diagrams of a genepralixed
and 131 a digital rnavigat ion comiputer. The possibility of coupling radio navigation receiver. Author

of these syatanirr to a range of weapon delivery equipment Is

NIS-32174 Air Force Avionics Lob.. Wright.-Patterson AFB.

N76-32170 Rockwell fInternational Corp.. Anaheim. Calif O~
HANDHEL CACULTORTECHOLOY APLID T ANSYSTEM APPROACH TO PRACTICAL NAVIGATION
HANDHELDCALULATR TCHNOOGY PPLED T ANJut W. Chfn arid Russeli E Weaver, Jr. (Northrop Electronics

ADVANCED LOW COST OMEGA RECEIVER Div.) /It AGAIID Medium Accuracy Low Cost Navigation Aug.
Bernard N. Gaorn In AGARtI Mauiir Accurany Low Cost 1976 14 p refs (For availability tiee N76-32 148 23-041
Navigation Aug. 1976 9 p) refs (For availability see N76-32 148 A background introductioni Is presented of vairious navigation
23-04) sensors discussing their characteristic$ and limitations, Thre
circuitry have resulted in mass production of commercialfotcmn saelenvitonryim.NVTRGbl
calculators and with it the availability of low coat microprocossors. Positioning Sysatem IGPS). wilt be exploifed as an ultimate

Thus deice. athogh lmitd i coputtionl cpablit. cn spablity of providing L Band signals from which pospiti %C' velocity.
Thee devicesfl aptouplimied In th eeorpreut ton alo capesty cmean end time cosn be determined. Title dual capability wifl simpifty
beiato acesout. th aspi edstoathe dev tuelomn of an lirowrcoa Omega the Implenrentation, of Integrated systems A typical mediumI

trvccatacy set.e The basicbed dhrbl feateres acefe anluio aibrefmgreceiver were studied, and the required functions identified. A ionInriraly subystem i il cla bed emhaswizdely l acethed mein t ofa
simplified techrnique to achieve batter accuracy weet Identified. an tifnertlial cuapatmbillt beyondphate ou t nvgthen mRitlof an
The ways iii whnichr nnctcrroceesors cart bie utifled to arrive at mliucira aaiiybyn htfrnvglo.lb ck. alowcoal tuly atomtic ompsit airorn sysem ra otliedflight control, instrumentation. and augrmentation of mission

a lw col.fuly atomticcomosie arbone ystm ae otlied.avionics are recognitad. Tho atrapdown iahneoar2atlon aridTb. recaiver and processocr portions of the Omega act are detailed associated Instruments aer introduceld to discuss a potential
Prototype hardware that irat, bean flight tasted is described, and altternative ito the conventional elf attitude, girrballed platform.
performrance data arc presented. The basic function of the OmegaThsavnc poieteltbititoaorti lw ot
set is to determine and heap track of present positioir by receiving designs of medlumn accuracy iravigatiorr sysiites. Integration of
and procesaing tfre Omnega very lowy frequency trarramnisslons. aalbeutstdt opoieterqie aiainprom
Phti gah fth otored provided unt fteOeaustho ance is, cotrsidered the moat effective method of attaining low

ore rovied. utho tiat equipment. Modularity extiressed In the design will provide
flexibility and adaptability to a broad close of users. A toal)1
performance, costs of ownersfrip, approach Is used to verify

N7S-32171 Marconi-Elliot Avionic Systemrs Ltd. Basildoneytmdsnadslcio.Ahr
( England).
THE APPLICATION OF MINI.PROCEBUORS TOu NAVIGA. N76-32175 Dacoa Navigator Co. Ltd.. Chespoinglon (Enrgland).
TION EQUIPMENT SSM Div.
M. R. Hopper In AGAiID MaduchrAccuiracy Low Cost Navigation INTEGRATED DOPPLER/HEADING IREFERENCE/RADIO
Aug. 1978 11 p (For availability see N76-32 148 23-041 NAVIGATION

Modern technoilogy has allowed the production of a vary D. Ha~lliweft /It AGARD Medium Accuracy Low Cost Navigation
smnali miniralture processnor using Integrated circuit techniques Aug. 1976 9 p lFor availability see N713-32148 23-041

use witpul.to rocssinrfornmatiorr from a variety of different flexibility of operation with the minlimum of linmitations, while
inus opo irrifornration to drive various output pteriphrerals, retaining the major benaftst of simrplicity of concept and of uiesigrn

ort poes nomain ihn ldediated equipment The A aimple system concept based on currently available equipments
clsinreureensfo.an teoprtinof asucii a minli-processor is outlined. A Ott system based onl a currently available

ar osdee.I' ue r lilustratetd by lie' inclusion In a gyromagnatic headinrg reference arid a fixed-earial Doppler radar
plc fddcte aiainequipment ITACANI. where it is is assessed as capable of two sigma accuracy in tfra range I%~

usdto sleapafrticular set of datea Also it is conelderad in a to 3% of distance flown. F'ri oporations requiring consistent
family of area navigation systems. wheret it's flexibility is accuracy over long periods of flight or accurate relative navigation
Illustrated try tire varying reqruirements of suchr systems. the DR syvatem Is supplemented by a simple Omega receiver
Phrotographis of display devices, digital computers and other frorrr-ond. the sigrnals being proessiued iii the OR system computer.
components usad are shown Author The systemr is capable of providing medium to high accuracy

OF navigetion at low total cost lor a wide range of helicopter and

N76-321 72 National Aerospace Lab.. Amsterdam (Nethorlands). aicatoeainlieurmnsAto
A MATHEMATICAL MODEL FOR THE ANALYSIS O
NAVIGATION SYSTEM ERRORS OF MODERN FIGHTER
AIRCRAFT N76-32176 Computing Devices of Canada. Ltd., Ottawa (Orntario) '
F J. Abbink and N Vanrn~iel Int AGARD Medium Accuracy AN OPTIMALLY INTEGRATED PROJECTED MAP NAVIGA-
Low Cost Navigatiotn Aug. 1976 1t p refs [For availablitfy TION SYSTEM
usee N76-32 148 23014) D. B. Fieid. Fl. K. Harmorn. an-d D. J Franme lit AGARIO Medlunt

An error ainalysis of an inertial navigation system by Accuracy Low Cost Navigation Aug. 1978 31 p rets (For
comnputerized timulatiorn is preserrted. lit order to compute tire availability see N76-32 148 23-041
stanrdard dleviations of the navigation systerir errora. the trnatris A unique integrated tactical nravigation system IITNS) concept
equatioir represenrtirng the set of linearized differential equatiorns tor fhelicopter ilppticalions Is described. This concept, which couldl
for tile navigation system error behavior was transefornmed into be extended for application in high performrance tactical aircraft.
oir evolution equatioir for tire covariance matrix. The navigation is based on the projected trip system. PMS ES-. c.utruritly in
system eirror nmodel ttiok itro accounrt. sligtnrerit. rnavigatiorr along production. The primary navigationt unit of tire ITNS Is the Doppler
a specific flighrt profile arrd updating. Porsitiorn error distributions dead reckoning (DRI subsystem whichr uses simuple directiornal
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and vertical gyros as heading and attitude sensors. Auxiliary ground targets. Tire effects of teriain screening, weather, human
navigation data are supplied by a projected nap display (PMDl factors and display problems, target characteristics with The main
and a triad of magrretomoetrs strappad to the airframei The emphasis; onl vehiclires navigation accuracy, and aircraft attack
PMD displays aircraft position, track and bearing to destination dynanmics for tire oatsa of retaritrd bombs arre examined. Shoitfall
pictorially, providing excellent pilot orieintationt and position fixing in knowledge in key areas Is highlighted. principally the importance

capailiy Tre agnticsenor easresthre cmpoent ofof atmospheric atterniatiosn tin FLIP purformance. the degradationJj ~the earth's field, from which additional heading alid attitude in hurrian operator peiiforrnanov, iii turbulent conditions at low
informration, are derived. A digital Kalman filtering aigoritlrm Is altitudes. arid the Interrectiorm of riensor/dislslay parameters with
implemented to estimtate system errors fromr DR. PM 0 anrl severe searchr time constrinits. Tire Impact of is threat environmrent
strapdown nmagnetic data rho error estirrates are fed beck to was delibertiely excluded Author
correct DR position and nuil sensor errors, resuitinrg in a fully
integrated system which provides exceliont performance at low
cost Simulation results indicate that syxsfnr accuracy without
position fixes will be botter tharn 2 tier cont of distanceo traevlled
(95 per cent confirdenrce). Aulthor

X75-70673 Advisory Group for Aenronjutical Research and
Development, Paris (France).
TECHNICAL EVALUATION REPORT ON THE GIUIPANCIE
AND CONTROL PANEL SYMPOSIUM ON PRECISION
WEAPON DELIVERY SYSTEMS EMS
C. Tom Money Doec 1973 1 p Conl, held at Eglin AF8, Fta.,
J0 l., 1973
(AGARD-AR?74) NATO Classified report

NOTICE: Available to U.S. Government Agencies and Their
Contractors

A teochrical evaluation of the conference is presenterd
Symposia papers aird discussion are synthsesized in order to identify
tile critical Isusus as well as establish a conference consensus

Author

X75-70674 Adviaoiy Group for Aeronautical Research end
Development. Paris (France)
PNECIKION WEAPON DELIVERY SYSTEMS

r. Sep 1973 1 p
(AGARD.CP.142) NATO.-Ciareified report

NO TICE. Available to U S. Govarinient Agencies arid Their
Contractors

A symposium was hold at Eglin AFB. Florida which covered
the following main topica, ill system development teclttiquaa.I 2) navigation and contlrol technology. 13) terminal phase
technology. 14) precisiort weapon conruetrts end (5) systemr
evaluation, srid reseerch and development program needs. Ato

X77-72036 Advisory Group for Aorospuco Resexrch and
Development. Paris (Franice).
USE OF PRECISION POSITIONING SYSTEMS mY NATO,
VOLUME I
Jul. 197a 48 p
IAGARD.AR-08-Vol-1) Avail: Advisory Gioup for Aerospace
Research and Development. Paris. France NATO -Clsassified report

NOTICE Availabler to U 5 Govarinment Agenicies.

An evaluation of the potential applications wittrin NATO of
af precision positioning system IPPSi - as exentplified by tfia
U S. NAVSTAR Global Posxitioning Syxtem - Ia presented. Special
emphasis is placed orn a qualitative and quantitative evaluationm
of the impacti of Incorened position information accuracy ott the
tactical air attack capability of NATO In Europa itt tire 1980'6
and beyond. The study unuraiudef; that a secure anmd very precise
PPS is feasible. With such at system. the all-weather attack
caspability on cluasi stationary targets is ro promising that
continuing operational analysis should Ira performed. Author

I:. X77-72042 Advisory G rouip for Aerospace Rlessarchr end
Development. Paris (France)i.
NIG3HT VISION DEVICES FOR FAST COMBAT AIRCRAFT
1197b) 824 p
IAGAHD-H.73; AASC-Study-tii Avail Advisory Group for
Aerospace Research atnd Development. Paris, Franca

NATO-Classified report

NOTICE: Available to U.S. Governmmxrt Aitencdee

Tire application of night vision devicoL. to fast combat aircraft
operating at low altitudes is considered from the standpoint of
synthesizintg and anmalyzing overall systems for attacking typical
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05 AIRCRAFT DESIGN, TESTING prediction are defined. Specific technical lectures on the subjects
(Af aircraft performance, wing aerodynamic design. engine

AND PERFORMANCE Intaliatior norodynamics, external store aerodynamics, and

includes aircraft simulation technology. For related information stability and control implications are Identified. Author

see alao 18 Spacecraft Design. Terlng and Perfmrmance
arrd 39 Strurftirsf Mechanic1S.

N74.26447 McDonnell.Douglee Corp., Long beach. Calif.

N74-10662# Advisory Group fo Aerospace Research and Aerodynamics Subdivision.

Development, Paris iFrance) AIROOYNAMIC PREDICTION MITHODS FOR AIRCRAFT
AT LOW SIPNDS WITH MECHANICAL, HIGH LIFT Of-

AN OVERVIEW OF US ARMY HELICOPTER STRUCTURES VIA&L
RELIABILITY AND MAINTAINABILITY J. G. Callaghan In AGARD Prediction Methods for Aircraft
Thomas L. House (Army Air Mobility R and D Lab., Fort Eustis, Aerodyn. Characteristics May 1974 62 p refs (For availability
Va Jan. 1974 19 p rats Prosented at 36th Meeting of the see N74-2e445 16-02i
Structures and Mater. Panel 1,MPp), Milan, 2-.-' Apr. 1973 A survey of present methodology used for the estimation of
1AGARD.*Ff*13) Avail: NTIS HC $400 low speed aerodynamic characteriatlos of aircraft with mechanical

Approximately 25 percent of all U. S. Army helicopter failures high lift systems Is presented. While this methodology Is applicable
and field maintenonce man hours are related to structures. to a large variety of alrcrah with unpowered high lift systems,
Externally Induced damage Is the primary cause of many failures, the emphasis Is on transport type aircraft. Prediction methods
and it Is the essential reliability and maintainability consideration empirically derived from experimental data, as well as more
in the selection of rotor blade and transparency designs. With sophistlosted theoretical methods are discussed. Correlations of
the exception of rotor blades, most r tructural failures are normally calculated results with both wind tunnel and flight measurements
considered As maintanance downtime seselitive jis opposed to a are presented. To place the current state of the art of methodology

cost problim. Greatly improved desigt end test documents coupled into proper perspective, a critical review of arsea of both strength
with lessons learned appear to be ;he most responsive approach and weakness Is presented. with emphasis on futu'e requirements.
to gaining significant structural Improvetnents. Helicopter vibration Within this context, the particular need for methods to astimate
teduction can produce a major reduction in secondary structural the high lift characteristics of aircraft with thin, highly swept,
falhure and maintenance rtes. Author low aspect ratio wings, such as supersonic transport configure.

tions are reviewed. Author

N74-20139# Advisory Group for Aerospace Research and
Development. Paris (Franc;e).TeveHNICAL EVALUATION REPORT ON AGAD FLIGHT N74.E2445 Royal Aircraft Establishment, Bedford lingland).
MECHANICA PANEL BYMPON PUM ON FLIGHT IN TURVU- A REVIEW OF THE LOW IPIED AERODYNAMIC CHARAC.
LENC S TPS IRRITICIS OF AIRCRAFT WITH POWERED LIFT SY$.

W. S. Aiken, Jr. (NASA). Washington) and D. Lean lRoy, Aircraft TEMS
Estlb., Redford, Engl,) Feb. 1974 10 p Cont. held at Woburn 0, N. Foster In AGARD Prediction Methods for Aircraft Aerodyn.
Abbey, Rngl., 14-18 May 1973 Characteristics May 1174 43 p rafe (For availability see
IAGARD.AR.67) Avail: NTIS HC $4.00 N74.26445 16.02)

The proceedings of a conference on the effects of atmos- The aerodynamic characteristics of a number of differeiit
pheric turbuletnce on flight characterisllcs are presented. The configurations of fixedwirng aircraft with powered lift systems
subjects di•cussed include the following: (I) turbulent environ- ire dlscussed. Methods for predicling the aerodynamic characteris.
inent. (2) operational problems, (31 design criteria, end t4) artilficial tics are developed. Consideratlon is given to alroraft employing
aids for flight improvement. One conclusion is that there Isa boundary layer control, baud on jet flaps with internal blowing,
critical need for cross correlation measurements between various external blowing front undarwing and overwing engines, and
low atmosphere turbulence components. Additional discuseion augmentor systems, Spanwise blowing and other specialilsd
were held concerning wake vortex research for wake vortex techniques are examined, Aerodynamic characteristics in ground
d teetion and avoid arnceh Author effect, as well as in free sir. are reported. Some aspects of the

noise problems which are directly related to the particular lowered

lift system under dierusalon are considered. Author
N 74-2644•# Advisory Group for Aerospace Research and
Development, Paris (France),
PREDICTION METHODS FOR AIRCRAFT AERODYNAMIC
CHARACTIRISTICS
May 1974 349 p refs N74.-244E losing Commerioal Airplane Co., Renton, Wash,
(AGARD-LS.67) Avail: NTIS HC 520.60 AIRCRAFT LIFT AND DRAG PREDICTION AND MEAIURE.

The proceedings ol a conference on methods of predicting MINT
aircraft performance are presented. Emphasis was placed on G. M. Bowes Ip, AGARD Prediction Methods for Aircraft Aerodyn
predicting aircraft range and radius, airfield and maneuver Chersoterltits May 1974 44 p refa (For availabillty ase
performance, and aerodynamic characteristics. Combat dnd N74-28445 10-02)
transport sireraft were considered over conditions ranging from Techniques for predicting and measuring lift and drag
,xtremely low speeds through subsonlo/transonlo to supersonic relatloitehips for subsonic cruise flight are described. The status
speeds. Aircraft lift and drag estimation methods were analyzed of this drag methodology is reviewed. Recent presentations on
along with related aerodynamic optimization techniques. Practical the subject are referenced and Incorporated Into an overall
methods for wing/body aerodynamic design and boundary loaer summary describing current capabilities for developing the basis
flow treatments were considered. The prediction and implicetions of aircraft performance predictions. The role of the wind tunnel
of special aerodynamic oharacaristlcs eassociated with engine in airplane delign and development Is discuased. and the
installation and external store effects are examined, relevant importance of flight tlst measurements of specific range and
stability/control needs are reviewed, end some aircraft noise engine parameters is emphasized. Theoretical developments for
restraints on aerodynamic design are investigated. For individual three-dimensional design and lift/drag predictions are described.
titles, aim N74.26440 through N74.26465. The scuuracy with which the drag levels of a new design can

be determined Is examined. Examples of specialized wind tunnel
and flight inveasligatlons into the airflow and pressures on localized
portions of an airplane are presented. Author

N74-2644B Royal Aircraft Establishment, Farnborough (England).
GENERAL TECHNICAL INFORMATION
John Williams /n AGARD Prediction Methods for Aircraft N74.-2440 Britlish Airoraf Corp.. Filton (England).
Aerodyn. Characteristics May 1974 5 p (For availability see PREDICTION OF SUPERSONIC AIRCRAFTAIRODYNAMIC
N74-20445 18-02) CHARACTIRISTICS

"Prediction and optimization methods for determining aircraft C. S. Lvyman and T. Markham In AGARD Prediction Methods
performance are discussed. The major deflciencies in the state for Airotaft Aamdyn. Characteristics May 1974 52 p roat
of* knowledge on aerodynamic characteristics are assessed. iFor availability see N74-25445 16-02)
Recommendations for improvement in theoretical treatments, The methods currently available for the predintion of the
ground based testing facilities, and flight testing techniques are aerodynamic characteristics of supersonic aircraft as they effect
submitted. The overall technical constraints on aircraft performance performance are reviewed. The problems of supersonic aircraft
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design are illustrated by consideration of hypothetical transport is suggested that for multiple store assemblies, opportunities for
and flight., aircraft. The methods used to predict the performance drag reduction offer considerably more promise than attempts
of the Concorde aircraft are stressed. The aerodynamic primal. to predict the drag intiromint. Significant drag savings are
plea which make supersonic aircraft different from subsonic demonsratretd not only for new types of instaliation but also by
designs erat analysed. The accuracy end suitability of design relatively simple modifications to exristirrg designs. Author
me thod:r for veosstiating :isti dragand thrus los du to ai 11174-26546 Royal Aircraft Estabiishnment, Fernborough (England).
leakage is described. Problems of estimating the installed SUIPPLEMENTARY CONTRIBUTION ON AIRCRAFT PER.II
powerpiant performance are Included. Author FORMANCE CONSIDERATIONS FOR NOISE REDUCTION

John Williams In AGARD Prediction Methods for Aircraft
N74-26511 National Aerospace Lab. Amsterdam (Netherlands). Aerodyn. Characteristics May 1974 1 p (For availability stee
APPRAISAL OF WING AERODYNAMIC DESIGN METHODS N74-26445 16-021
PON SUBSONIC FLIGHT SPEED The problem of achieving much lowar noise leveis outside
W. Loave In AGARD Prediction Methods for Aircraft Aerodyn. airport boundaries. while at the same rime predicting aind
Characteristics May 1974 41 p raft (For availability soa qi.~erantesing the noise fieild from future aircraft with greater
1474-26"0S 16-021 accuracy, Is examined. Methods for obtaining reductions In aircraft

For a number of direct calculation methods for the prediction noise levels are Identified. The Integration of aircraft performemoc
cf flows around wings at subeonic speed, the basic assumptions characteristics. airframe design, end airframe-engine euro-acoustic
are discussed. This forms the basis for the applicability of the interafarence parameters to produce reduced noise levels Is
methods, Comparison of calculated pressure distributions with emphasized. Author
meulti from wind-Aunnel tests serve to Illustrate this for

three-dimensional wings end for the limiting case of plane flows
a rouind airfoils, Attention Is paid to the use of inverse methods.11171141111 diovGupfrAosaeR ercan
In this context the use of hodograph methods for the design of Developmhnt Padvisor GFroan orAce)ce.serh nastofoils with transonic shookfroe flow is discussed. Author DeIeCoRmeT PErleN IFrINTEGRTO ADOTMIAIN

VOLUME 11
Jun. 1974 347 p alef In ENGLISH: pertly In FRENCH Confi.W

N74-2652B Deutsche Forachungs. und Versuchsanstalt fuer held at Florence, Italy. 1.4 Oct. 1973
Luft- und Rsumifahrt, Brunswick (Welt Germany). Inst. fuer (AGARD.CP. 147.Vol.l1(. Avail; NTIS HC $20.50
Aerodynasmik. The proceedings of a conference on aircraft design Integration
BOUNDARY LAYIN CALCULATION METHODS AND and optimization era presented. The subjects discussed Include
APPLICATION TO AERODYNAMIC PROBLEMS the following: IM the prieliminary design process and Its impact
J1. Steinheuer In AdiARD Prediction Methods for Aircraft Aerodyn. on cost, M2 methode end approaches for belancin requirements,
Characteristics May 11974 41 p refs (For availability see capabilities, and costa in aircraft design, (3) an. otyss optimize.
N74-26446 16-02) tion, arid validation testing techniques, end 141 the integrationt

adapplication to predicting aircraft performiance are discussed, titles, see N74-31459 through N74-31484.
Mahmtial models for a steady two-dimensional Incompressible
boudar laer ntdeveloped The structures of the various typesI

of bundry ayes ae aalyed.Tables of data are Included to

difrn lwcniin.Eape fboundary layer calculations APO, Ohio. Wih.atro
dimeInsionad foundtery o compressiblle boundary layers, three THE ROLE OF PRELIMINARY DESIGN IN REDUCING

dienioa bunar ayrs adturbuient boundary layers, DEIVELOPMEINT, PRODUCTION AND OPERATIONAL
Airois reexmiedfo cndtinsof attached flow over a COT OF AIRCRAFT SYSTEMS
#Igl aroi, tacedflwovr nairfoil with a slotted flap. William E. Lamar In AGARD Aircraft Design Integraticrn and

an ifi lwwt eaain Methods for predicting buffet Optimization, Vol. 1 Jun. 1974 7 p lFor availability see
bonaisltawigI rnoi flow are reported. Author N74-3145S 2 1-02)

d~tudes ~Methods for reducing tite development. productioti, and
N74-946 Ofice atinald'Etdesat o Reherheoperational costs of aircraft systems through preliminary designrAerospatiales. Paris lFranoel. procedures are discussed. This manneor in which the preliminary

I IN INTLAINAERODYNAMICS design process in conducted is anaiysed, The criticai program
J. Lnaili G DPrdcinMethods for Aircraft Avrodyn. decisions which are made an the basis of the prelimirnary deisign

Caatrsis My17 22p refs (For aviaiiyseprocess are ietfd.h preliminary prcs sfurther defined
N74-644 1602)to show the applicistion for assessing the payoff of technical

Aset tegn ntl ato erodynamicas ar osdrdinnovations and emerging technologies on system capabilities.
to Icuetertcldcg.optimization of the engine installation, Diagrams art provided to show the preliminary design flow chert,
and esperimentai etudy. Alir Intake. afterbody. and angino/aircralt system programn phases. proiimineiy design process uses, and

Inegato pobes reanlze frhigh subsonic and supersonic cost reduction nrethodologies. Author
a~rcafHighspee andlow pen sprformance are discussed.

Comments are made on variable geometry devices. Special
attention is given to the significance of tite various propulsion
and drag balarnce terms Author

N74-31460 General Dynamics/Fort Worth. Tax.
PREILIMINARY DESIGN ASPECTS OF DESIGNTO-COST

N74-26464 Aircraft Research Association. Ltd. Bedford FOR THE VF.tS6 PROTOTYPE FIGHTER
(England). William C. Diet, In AGARO Aircraft Design Integration and
EXTERNAL STORE AERODYNAMICS FOR AIRCRAFT Optimization, Vol. 1 Jun. 1974 16 p (For availability see
PERFORMANCE PREDICTION N74-31458 21-02)
J. B. Berry In AGARD Prediction Methods for Aircraft Aerodyri. Methods for reducing the dlevelopmennt costs of the YF-15
Cheracteristics May 1974 34 p refs (For availability seet aircraft are discussed. The 'VF. 15 prototype aircraft was conceivedV.N74-25445 15-02) and is being developed as a low-cost. secepriaonlly high.Some effects of external stores on the aerodynamic mnionuvering-performence fighter aircraft To meet the cost/characteristics of aircraft and in particular the incremental drag performance objectives, s numher of advanced technology
due to various types of store Installation are dclcribed. Exarnples features, Including vortex lift, variable wing camber, wvIrg/bcsdy
of dreg Increments for single and multiple store mssemblies blending. relaxed static stability/ fly.-by-wire, end high-performance
mestalled underwing arid underfusslege and the effectsl of normal-shock inlet, were optimized and Integrated during the
C sub L acd Mach number up to high subsortic speeds. Illustrate preliminary design phase. The basic design concept was to appiyI'some of the Interference features In the aircraft-store flow field these advanced technologies in a way, first, to produce a amali-size
which contribute to high or low drag. The prospects for incremental aircraft and, second to achieve simplicity - both of these design
dreg prediction, the poissible uie of calculated cr measured flow objectives having a direct beneficial effect on the development,
field data, empirical methods end fiighr-tunnei comparisons are acquisition, arid life-cycle cost. The resulting configuration is
discussed. Approximate empiricai estimation procedures for simple predicted to meet all program cost/ performance objectives.
underwing and underfuseloge store Instaliatioins are described It Author
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N74-31441 MesSerachmitt.Boelkow-Blohm Gum b.H, Munich various approaches to aircraft mission requirements. Decisions
lWelt Germany). Influenced by this information often have enormous cool
ECONOMIC ASPECTS OF PROTOTYPING Implications at the later stages of the davelopment process and
Erich RlSuin in AGARD Aircraft Onsign Integration slod during vehicle o"eration, yet the resources expended during the
Optimization, Vol. 1 Jun. 1974 5 p refs (For availability see eddy choses are usually relatively small and distributed over
N74.31458 21-02) several alternate approaches. The information provided during

The coat aspects and schedule implicetions involved In a thee edady conceptual and preliminary design phases neede to
prototype development concept ar compared with standardized be credible snd complete, even though it must be generated
development philosophies The time scales of the total system with limited resources. Criteria for acceptance of early design
development program and the time scales of the prototype Information, modern methods of- providing it and suggestions
development program are illustrated The procedures Involved In for defining adequate levels of resources to accomplish the
conducting a comparative cost analysis atr reported. Diagrams objectives of the activity ore described Specific exrmples of the
are included to show the budget requirements, accumulated costs moet difficult type of ailty design studios, which are those requiring
at program milestones. specifications uncertaintles, and the significant undeveloped technology. ere used to discuss these
confidence factor. Organiztlional charts for the total system points. The examples include design studies edJ cost estimates
development concept and the prototype development concept of liquId hydrogen fueled aircraft, oblique winged aircraft, and
are also compared. Author remotely piloted Yehicles, Author

N14-714 Vereinigte Flugtechnisohe Warke.Fokker O.m.b.H..
N74.3142 Douglas Aircraft Co,, Inc., Long Beach. Calif. Bremen {West Germany).
CREATIVE ADVANCED DlkSIGN: A KEY TO REDUCED PRELIMINARY DESIGN TECHNIQUES FOR UNMANNED,
LIFP.CYCLI COSTS REMOTE PILOTED VEHICLES
Richard E. Black and John A. Stern In AGAfID Aircraft Design R, Staulanblel and H. Bchmidtisin in AGARD Aircraft Design
Integration and Optimization, Vol. 1 Jun. 1974 13 p rate Integration and Optimization, Vol. 1 Jun, 1974 14 p (For
tFor availability see N74.31450 21-02) avaliability see N74.31458 21.021

Advanced design decisions with an impact upon the life The sltps involved in the design of remotely piloted vehicles
cycle costs of aircraft systems are discussed. The impact of are discussed. Specific areas of concern are: (II combat tactic,.
advanced delign decisions commences during the detail design (2) weaponry, (3) sensors, (4) payload and ringe, 15) guidance
and development phases, continues into the production phase and covitrol, and (6) maintainability, etOiabillty, and vulnerability.
and becomes a dominant factor during the operational life of The characteristics of a tyolcal RPV are analysed to provide an
the aircraht system, Even for a well defined mission there are example of the important factors which Oro Involved in the design
many factors bearing on costs that must be considered during procedure. Authorthe advanced design phase. Several of these havs been selected
for examinatlon (1) the number of engines to be used, R2) N74311404 Hawker Siddeley Aviation, Ltd., Hatfield (England).
selec'tion of equipment and systems, (3) the simplification of AN APPROACH TO DESIGN INTEGRATION

design, (4) the materials to be used, and (B) the level of Anthony W. Bishop and Alan N. Page In AGARD Alruraftavionics sophistication. These advanced dekdgm decisions cannot Design Integration and Optimlistion, Vol. I Jun. 1974 10 p

be made solely from a technical or oast standpoint, but must rafte For availability see N74.31458 21.02)
consider the operatlonal environment in which the aircraft system The nature of an aircraft design team and the techniques to
will funotion as well as the demands of tire market place. There be integrated into the organization to improve design efficiencyare strolig Indications that the more intense the advanced design are discussed. The structure and Implementation of new techniques
effort the lower will be the detailed design. manufacturing and which have bean applied to thu proliminery stages of design in
devlopment costs as will as llfe cycle coats. During the advanced Hawker Siddolsy Aviation are stressed. Block diagrams arir
design phoas, itkls extremely Important that the criticel wind-tunnel developed to show the data bass mechanism, the Into-Ctiorn
tests be performed to avoid costly redesign after the detailed between Applications programs and the data base, and the flow
design drawings heve been released. The contribution that cretivii of typical project study activities. The costs and benefits of the
Advanced Design makes to the development of effective aircraft system of design are analyzed. Author
systems has greatly increased el the result of rising costs. Errors
in judgement are now more cosily than aver before Author

N74 41647 aoeing Conrmerciai Airplane Co.. ISettle. Wash
DESIGN EVOLUTION OF THE BOEING 27074300 SUPER,
SONIC TRANSPORT. PART 1: CONFIGURATION

N74-31463 Ofice National d'Etudes at de Recherche- DEVELOPMENT, AERODYNAMICS, PROPULSION, AND
Asronautiquis. Paris (France) STRUCTURES
CRITICAL ANALYSIS AND LABORATORY RESEARCH W. C Swan In AGARD Aircraft Design Integration and
WORK AT THE STAGE OF AIRCRAFT PRELIMINARY Optimization, Vol. 1 Jun. 1974 18 p iFor availability sa
D0EIGN N74-3145B 21-02)
Claude Lievens and Philippe PolasonOuinton /n AGARD Aircraft The design activities involved in developing the Boeing 2707
Design Integration und Optimization, Vol. 1 Jun. 1974 26 p supersonic transport aircraft ire discussed The history of theref In FRENCH: ENGLISHI summary (For availability see design activity is presented to show areas, where failure and/or
N74.31458 21.02) misconception occurred dud to insufficlent knowledge end to

The requirerntris to be m1t by a research laboratory In show how the shortcomings were corrantaed or avoided in
preparation for th, preliminary design phase of sophisticated subsequent configuration avaluatlons Emphasis is pieced Olr
aircraft development are analyzed. It is stated that the research selected areas where preliminary design tools could be Improved
center must forecast the main trands of aeronautical techniques The various design configuratlons are Illustrated end their technical
in Order to provide the government services alid the constr.ators featurs are analyzed The structural design features of various
wIth a maximum mf Intornratlin The required actions of the components arm described and illustrated The operational
government tachniual services are defined to Include. i1) objectives on which the preliminary planning was based are
gnerlation of prallrilnry studies for controctor use. (2) to begin defined The functions of specific segments of the organization
b9as research studios. 13) to identify technical risks, and 14) to are reported. Author
monitor the progreen of works under development and reorient
the effort whire re'uired Author N74.31464 Boeing Cornmerolal Airplane Co.. Seattle, Wash.

DESIGN EVOLUTION OF THE BOEING 2707.300 SUPER.
SONIC TRANSPORT. PART 2: DESIGN IMPACT OF

N74.31464' National Aeronautics and Space Administration HANDLING CUALITIES CRITERIA, PLIGHT CONTROL
Ames Research Center. Moffett Field, Calif. SYSTEM CONCEPTS. AND AEP1OElLASTIC EFFECTS ONCOMPUTERIZED PRELIMINARY DESIGN AT THE EARLY STANILITY AND CONTROL
ITAIES OP VEHICLE DEFINITION W. T. Kehrer In AGARD Aircraft Design Integration and
Thames J. Gregory /n AGARD Aircraft Design Integration and Optinization, Vol. 1 Jun. 1974 10 p lfos (For availability sea
Optimization, Vol. 1 Jun. 1974 8 p refs (For availability see N74-31450 21-021

": N74.31459 21,02) The intensive efforts undertaken to develop an economically
CSCL OIB competitive EST are discussed. New design approaches in the

The conceptual and preliminary design processes are used areas of airplane longitudinal control and stability and flight control
to provide Information regarding the feasibility arid selection of systems design were developed Extensive rasearch work was
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conducted to push the state of the art as hard as possible In The development of the 8.1 bomber aircraft Is traced fronm
thle development of handling qualities criteria and in the design the Initial conceptual studies to the hardware production. The
evolution of the stpbillity augmentation system. The end product interaction of the B-1 requirements and advanced tochrrology Is
was a control -configuread vehicle employing multiple redundant emphasized The preliminary design process is examined and
electronic stability augmentation systems to neat design the hardware product is :ompared with earlier dlesigni. The lessons

* Irequirements for both normal handling qualities arid minimum-eaff learned from the analysis are summarized. The mission of the
handling qualities This design approach contributed Substantial 1.1 aircraft Is defined and specific operational recquirementsa are
gains in tongo/psyload capability over that attainable through considered to show the rationale of design decisions. Author
the conventional approach that inhibits airplane design through
the requiremeint to provide inherent aerodynamic stability.
Throughout all of the design development work the effects of N74-31473 Boeing Aerospace Co.. Seattle. Wash. Aeronautical
structural aserolastics on aircraft stability and control played a and Information Systems Div.
nimajor role in configuration design decisions The complex DESIGN OF VERY LARGE AIRPLANES FOR LEAST SYSTEM
engineering work irvolved in the soroetlastic analyst es oa.d the COST
configuration developmeirt design cytcles and contributed Robert B. Brown In AGARD Aircraft Doslun Integration and
s ubstantially to the total singinsioring costs. The experience gained Optimization. Vol. I Jun. 1974 6 p (Per availability see
In these areas has Identifilad the need for Improved quality. N74-31458 21.02)
automated seiroelastic analysis methods to speed the design An analysis Was conducted to determine the design arid
development work and reduce the erngineering costs and design development techniques for large aircraft which would result in
ricks. Author the least savtem cosl. The affects of programi and total life

cycle costs are examrinesd to ahow the affects on starting now
N4349BiihAircraft Corp., Preston Eingland). Military aircraft development. Methods for designing an aircraft to meintsirr

N74445E Sriiehlow cost are desctribed and Illustrated. Specific examples of airciraft
Aircraft Div. designed for valious mlissions are Investigated to show the
RECENT EKPAIIUIINCE FROM SAC AIRCRAFT FOR NATO various approaches which were taken to keep down development
P. J. PMidgisy In AGARO Aircraft Design Integration andcot.Ahr
Optimization, Vol. I Jun. 1074 10 p ref (For availability see

AN7315 anlssofted1-0ttl2oto)onrhp fcms N74-314740 Nationai Aeronautics and Space Administration.
aircraft was deveioped. The lifo cycle cost analysis is related toLage sarhCtr.anlyttiV.
the Air Force budget and ways are considered in which the INTEGRATED. COMPUTER AIDED D1SIGN OF AIRCRAFY
rising coits of Air Force operat ions may be alleviated. The subjects A. A. Ileldenfels In AGAND Aircraft Design Integration and
discussed Include the following: (1l Alir Force budget trends, 12) Optimization. Vol. I Jun. 1974 12 p refs (For availability see
the procurement process, (31 life cycle costs, (4) launch arid N74.31468 21.02)
acquislition costs. IS) development philosophy, (5l operating costs. CSCL 019
and 17) itaining custs Charts, graphs, and diagrams are included The Lissigri process for conceptual. preliminary, and detailed
toIc illustrate the contents of Ottr text Author design of aircraft is discussed with emphasis on structural design.

Problems with current procedurec are Identifiedt and Improvements
possible with an optimum rnan-computar team using Integrated.

N74.31470 Aeronautical Systems Div. Wright. Pattersorn AFO. disciplinary computer programs are Indicated. Progress toward
Ohio. this goal ill aerospacs and other Industries Is reviewed, Including
THE PIE6 DESIGN CONSIDERATIONS NASA Investigations of the potential developmeant of Integrated
Harry E Rlifortbatk and Richard D Highetlitr AGAI4D Aircraft Programs for Aerospace-Vehicle Design IIPAD). The benefits
Design lntsorstit~n and Optimization, Vol. 1 Jun. 1974 11 p expiected from [PAD lead to the conclusion that increased use
(For availability' see N74-31458 21.02) of the computer by a manocomputer sanm that integrates alf

The nmajor design cairsidertiomns of the F-.15 air superiority pertinent discipiines can create aircraft designs better, fa1116er,
aircraft are traced from the Initial reqiiirements, through the design. and cheaper. Author
and into the flight testing. Selection of the overall configuration N4348Vriit lgithiceWrsGmbHB~o
is discusseod with partioular emphasis on the wing, Inlet, arid N(We 4st aýAVYrirgsFutrhicsWreGmbHBee
secondary power design The ground and flight test programs PRWEsT WErmany)ITON1S9 N DANE

are riefy rviewd AuhorSTATISTICAL METHODS
N74.3147i Dornier-Systarm G~m b H , riedrichshafmn (West Wolfgang Schneider In AGARD Aircraft Design Integration
Gernmany) and Optimnization. Vol. 11 Jun. 1974 20 p refs (For avesilability
SYSTEM ANALYSIS FOR A BATTLE-FIELD AIR SUPERIOR. see N74-314CO 21-02)
ITY FIGHTER PROJECT WITH RESPECT TO MINIMUM A survey of the possibilities of mathematical statistics for
COST engineering evaluationr of reliable data sane for design weight
Johannes Spirtiit /ir AOAF¶D Aircraft Design Integration arnd estirmates of first leval accuracy was conducted based on a
Optimization. Vol. I Jun 1974 14 p raef (For availablilty see form of regression anaiysis. several stataments which are adapted
N74.3i458 21-021 for finding weight prediction formulas era described. The two

The bsttia-field air superiority fighter Is an air defense aircraft principle statements are: it) cornstraint regression for development
with the function to gain and to hold air superiority over the formulas which give physically Interpretable weigjht trends. using
combat area for limited time and limited operational area. For methods of quadratic oiptimlistion and 121 nonlinear regression
given budget the fleet effectiveness can be optimized by reducingstemnswihaesldbyungtrtiec ptrruie.
the pricii of the aircraft thus allowing for a higher number of Practical examiples to show the possibilities o) applying statistical
aircraft. Mainly a low coat designr can be achieved by minimizing evaluations are included. Author
the taue-off weight Design philosophy is to adjust range.
payload and equipment to absolute necessary requirements thus
arriving to a simple design., but not to compromise air combat N74-31470 Aeronautical Systems Div.. Wright -Pattersoni AFB,
capability. For the evaluation of difforerri solutions a method is Ohio.
discussed which shows the role of aircraft characteristics with POTENTIAL PAYOFF OF NEW AERODYNAMIC PREDIC-
respect to air combat and which cari be used in the preliminary TION METHODS
design phases. irr the preserrt paper, tire influence of mission Richard H. Klepinger and Robert Weissmarn Ir AGARD Aircraft
and design paramreters of range, combat time, wing ioading and Design Integratiorn and Optimization. Vol. 1 Jun 1974 17 p)
thrust/weight ratio air take-off weight, System cost and sir combaut rats (For availability see N74-31458 21-02)
effectiveness for the battie-field air superiority fighter is Shawn. The trade studies and design compionrilses. to optimize tha
Different versions of a battle-field air superiority fighter aer aircraft configuration for specific purposes are discussed. Tyipical
preseinted and comparative results shown Author problems involved in the aircraft design process aer examined.

Illustrations are provided to show the performrance improvement
N74-31472 Aeronautical Systems Div.. Wright- Patterson AFB. which resulted from design modifications to various aircraft.
Ohio. Methods for accurately predicting the performrance of an aircraft
THE 2-1 BOMBER: CONCEPT TO HARDWARE prior to flight test are reported Design criteria based on
Robert J Patton Itr AGARD Aircraft Design lntegr, in arid lateral -directional static stability rave bean developed to reveal
Optimization. Vol. I Jun. 1974 10 p (For avoitnboiiy see possible problemse relative to departure rihsracteiatc and spin
N74-31450 2,1-02) Susceptibility. ltils stated that the applicatiorn of three dimenisional

67



06 AIRCRAFT DESIGN. TESTING AND PERFORMANCE

aerodynamic analysis methods and spin prevention criteria early by the CCV approach, since traditional empirical design procedures
in the development of a now aircrfh may be the key to better no longer necessarily apply. CCV studies indicate that the most
design optimization end improved integration of the compo. significant performance improvements are achieved In the
nents. Author following funotione (1) augmented stability, (2) gust load

alleviation, (3) maneuver load control. (4) fatigue reduction, (5)

N74-31477 Royal Aircraft Establishment, Farnborough (England) ride control, and (6) flutter mode control. Author

INITIAL-DESION OPTIMISATION ON CIVIL AND MILITARY
AIRCRAFT N74-31482 LockheedGeorgia Co. Marietta.
0. L I Kirkpatrick and M J Larcombe it AGARD Aircraft AVIONIC FLIGHT CONTROl. SUBSYSTEM DE8ION AND

Design Integration and Optimization. Vol I Jun. 1974 18 p INTEGRATION IN THE C-5 AIRPLANE c03
rats (For availability see N74.31458 21-02) W. Elton Adams In AGARD Aircraft Design Integration and

The development of a computer program which can optimize Optimlzation. Vol 1 Jun. 1974 12 p rats [For availability see

the preliminary design of a subsonic, swept-wing, let transport N74-31458 21.02)
aircraft is discussed The program can be used to **moss rapidly The preliminsry design procest influence on the C 5 avionic

the effects on the optimum design of changes in the specified flight control Systenm development, production, and operational

performance or of advances in aerodynamic, structural. or engine cost Is discuosed. The design decisions made during the preliminary

technology. Compound optirrnllation functions, including several design phase relative to the Stability augmentation systems

of the aircraft characteristics, with different weighting factors Illustrate the extent of the impact on the design, test, manufac.
can be used to produce designs in which large improvements In ture. and installation of the avionic systems. These decisions (li
tome characteristics have been obtained with small penalties in acquisition costs, (5I development philosophy. (1) operating costs,
others. Author and (7) training costs. Charts, graphs, end diagrumir am included

to illustrate the conrterits of the text Author

N74-3147R Societe Nationals Industrielle Aerospatiale. Paris
(Franc-). N74-31483 Messerschmitt-Boelkow-Blohm G,m.b.H,, Munich
NEW TICHNOLOOGIE AND MAINTENANCE OP IHILICOP. (West Germany).
TIPS AOVANCIMINTIS IN FUTURE FIGHTKIR AIRCRAFT

Jacques Andres In AGARD Aircraft Design Integration and ADVAnCEMbNT IN FUTRE FIrHTER AInCrat
Optimization. Vol. 1 Jun. 1974 13 p In FRENCH- lFor availabliity Wolfgang Herbst in AGAIID Aircraft Design Integration end
Osee N , 14o8 21.1 4 n ECyOptimization. Vol. 1 Jun 1974 7 p rtefs (For eveilability siesee N74.3 1458 2 1.02) N74.31458 21.021

Two fundamental criteria are proposed to study helicopter An analysis of advanced design technology go applied to
maintenance: specific caols which constitute the reference for An fnglyll a f alnded The fllog clusions
the purchase price of the helicopter and the specific operationel future lighter aircraft Was conducted. The following conclusions
price %Yhich constitutes the reference cost in helicopter utilization. were reached: (0) a new aircraft development can be justified If

Data are also given on the problem of cost of performance, the performance of the new aircraft esceeds that of the old by

security, and comfort in helicopter design. The contribution of 15 to 20 percent. (2) foreseeable technological air frame advances,

new technologies to actual helicopter cost effectiveness was such as CCV and composites, do not justify the development of

evaluated, Transl. by E.H.W. new weapon systems, per so, (31 refent engine technology
advances allows a performance improvement which wilt justify
new aircraft design, and (41 foreseeable air frame advances will

N74.31479 Vereirigtw Flugtechnische Werks G.m b.H, Bremen pay off if applied to now airoraft development, Author
(West Germany)
DESIGN OPTIMIZATION OP THE VAK 191i AND ITS N74.31484 Ministry of Defence, London (England).
EVALUATION BASED ON RESULTS FROM THE HARD. ESTIMATION OF PROGRAMMES AND COITS FOR
WARE REALIBATION AND TEST DATA MILITARY AIRCRAFT c34
Holf Riccius and Bernhard Wall in AGARD Aircraft Design J. C. Morrall In AGARD Aircraft Design Integration asid
Integration and Optimization, Vol. 1 Jun. 1974 19 p raft Optimization, Vol. I Jun, 1974 14 p (For availability see
(For availability see N74.3145B 21-02) N74.31468 21-021

The design optimization procedure for the VAK 1918 fighter The purposes, history ind methods of budgetary estimation
aircraft io discussed. The procedure of design optimization is for military aircraft development programs conducted by the United
evaluated based on the results obtained front ground and flight Kingdom are discussed. The derivation of the methods are analyaed
tests. The emphasis in thre original planning was placed on aircraft using the airframe as the meain example. The use of the trimscele.
performance. The results of the tradeoff studies in combination resources, end cost estimating teultrtitues to provide cost
with point design studies Ire reported The different approaches trade-offs for different aircraft operational clpabilltlea is demon.
to the power plant selection are defined The rationul behind streted The mein purposes served by the budgetary estimate
the final selection of the aerodynamic configuration is explained are (1) planning and funding, (2) project selection, appraisal,

Author and approval. and (3) assessment of future loading on the aircraft
industry for aerospace policy decisions. Author

N74-31400 Offlic National d'Etudes at do Recherches N74-32420# Advisory Group for Aerospace Research and
Aerospaatrile. Paris (Fronce).
CONCEPT CCV AND SPECIFICATIONS Development. Perle (France).

Jean-Claude Wanner In AGARD Aircraft Design integration PRIUMINARY AIRCRAFT DESIGN
end Optimization. Vol. 1 Jun 1974 f p In FRENCH: ENGLISH aem C. Walasmon Jun. 1974 189 p reas Partly in ENGLISH

summery (For %vaitability see N74-3 148 21-02) and partly In FRENCH Lecture sries presented at Brunswick,

The application of theoonlrol configured vehicle CCV) concept West Germany. 6-7 May 1974. Breds, Netherlands. 9.10 May
to the design stage of new aircraft Is discussed. The systems 1974. end Cranfield. England. 13-14 May 1974

considered under the CCV concept are (1) static stability (AGARD-LB-61) Avail: NTIS HC $12.50

co-opensation. (2) mraneuver load control. (3) active rlde control. An analysis of preliminary aircraft design procedLres %Wie
and (41 active flutter corrtrol. The overall goal of the CCV concept conduolso to show the response to a proposed military

Is to take advantage of the most recent technological progress requirement with the first estimate of a complete aircraft
in electronics and to make use of new types of control actuators configuration. The decision rationlte and the Initial estimatlon of

in order to satisfy the compromise between performance, handling size, welghls, lift and drag, performance, and cost is presented
qualities, lifetime, and cost Author with respect to the payload for various aircr•ft types and classes

and the proposed missioti. Emphasis Is placed on how this smail

N74.31481 Boeing Co.. Wichita, Kano preliminary design tlam must make the first decisions regarding

INTRODUCTION OF CCV TECHNOLOGY INTO AIRPLANE technical feasibility and operational desirability. An experienced

D0IGON design team can predict with sufficient accuracy tha overall weight,
Richard 0. Holloway In AGARD Aircraft Design Integration configuration, performance, and coat to permit confident decision

arnd Optimization. Vol. 1 Jun. 1974 1t p refs (For availability to proceed with advanced developmenl cif the project. For

ase N74-31458 21-02) individual titles. see N74-32421 through N74-32426.

The control configured vehicle (CCV) aircraft design process
is compared with conventiornal design procedures. The CCV
procedure capitalizes on the potential of considering advanced N74.32421 Advisory Orcup for Aerospace Reearch arid
flight control concepts during the initial paranretric studies and Development. Paris (France).
trades. Formulation of the parametric aircraft can also be pltered INTRODUCTION TO PRELIMINARY AIRCRAFT DESION
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ClOem C. Weissman In its P'relim. Aircraft Design Jun. 1974 design synthesis computer programs are constructed In a modular
2 p (For availability swe N74-32420 22-02) fashion. which are controlled by the technical disciplines

The saitifsfacton of military aircraft requirements as It eftertis responsible for the state-of-the-art In each particular arsea. lII
the also and performance of alrgraft Is, discussed. The basic general, these disciplines will apply the input data at a level of
boundaries lt, the new aircraft design are defined as: (t) the detail consistent with the phase of the preliminary design process.
operational concept for the dominating misaion and physical The phases of preliminary design which sae consideored are; (1)
boundaries, 112) the aircraft performance desired with respect to program definition, (2) concept formulation, anid (3) contract

*aircraft speed, range, altitud, ceiling, acceleration, and payloads, definition, Author
* end 131 physical constraints as determineid by ground support

facilities. The procedures to be followed In arriving at a three
* .view drawing and a weight and balance statement are briefly N74,32426 Goneral Dynamose/Fort Worth, Tom, Corrysir

explained. Some of the compromises which must be met in Aerospace Div.
aircraft design are explained. Author THE TEAM LE.1ADERSl ROLE IN 01ESIGN TO COST PRE-

LIMINARY DESIGN
N74424221 Avions Marcel Dassault. Breguet Aviation, Saint- Lyman C. Josephs, Ill /ii AGARD Prelim. Airtraft Design Jun.
Claud (Francso), 1974 9 p (For availability asee N74-32420 22-02)
PREUMINARY OESION OF CIVIL AND MIIUTARY AIR- The organiatilon and functions of a typical Air Force weapon
CRAFT AT AVIONS MARCEL DASSAULT-1111EGUE01.1T systems office Involved In aircraft development are discussed.
AVIATION Emphasis in placed on the VF-18 aircraft program. The manage.
J. Caincitenheim In AGARD Prelim. Aircraft Design Jun. 1974 ment approach of the office is described, The contract requirements
86 p rtef In FRENCH and ENGUSH (For availability ise to accomplish the objtectives for the prototype program are
N74-32420 22.02) defined. Charts are developed to show the schedule for the

The procedures followed by it French aircraft manrufacturing YF- 16 prototype program and the total budget cost versus actual
company In the design and production of military and civilian expenditures oare shown, The configuration changes which occurred
aircraft &to discussed, The subjects considered include the unins approval of the contract area discussed to show the effects
foliowingi (1) the organilistlon of the preliminary project staff, on expenses and weapon system developmernt. Author
(2) theiresponsibillities of the project engineer or program manager.
and (3) iterative stope to be followed In arriving at the preliminary
aircraft configuration, The design procedures which followed In
the development of specific military and civilian aircraft are N74-33440# Arivitory Group fur Aerospace Research arid
analyzed. rite steps which are takcen to predict the performance Developmienrt. Parils (irance).
of the preliminary design configuration are explained. The HELICOPTOR OPERATIONAL LOADS$ SPECTRUM AND
oealuation of lift and drag cahracteristics at the preliminary design DESIGN CRIT'ERIA
stage Is emphaslied. The functions of 6 weapon system A J Guistaflson. Jr lAtmy Mobility R andr D Latb,, Fort Eustis.
department with respect to the preliminary project phase, the Var.) Jul. 1914 t11 po refsa
detaied definition phase, integrthIton teats, and the Integration iACIAID.A.622) Avul NTIS HC 5400
of production equipment are outlined, Author litea USAAMHDL hrelicoptear loadst prograrria have proceeded

aloing Ithrrascorplniiuiuntrlry lines: ill load% predictioni techniqurres
N74-32423 Britis Aircraft Corp.. Preston (England), The rlans itiort sp irurn druvulopirn, uruiltd i3lina mnassulemit.nto
PROPU LSIION/ARKC RAFT DESIGN MATCHING *XPERI- suvariti fhllirt liarairrun o ullar i iralompterfsProrminrrg acutual nitlsiiors

Raymownd F. Creesey In AGARD Prelim. Aircraft Design Jun. h ~ idCNETu lgtpuunauu uu arprd
1374 72 p (For availability, see N74-32420 22-02) alitiudelir vintucal, latinrul. arnd lonliltudlrral naccainaithorn at ilia

The procedures for matching propulsion systems end airframes Irsp outulk unurn itlrofuru.ty uru andln irirlsrtudiu.ltral, tiid roletivr
to obtain specific performance standards ore descrfibed. The actual stckpiusiio nnu fouirru, trime Pive Upitcil atyerao, airdcollftivae
exrperiences of aircraft development for a reconnaissance aircraft,utcLarrisvrisIiix.iv lai iusfarrft ee

a fihte aicrat, suersnictraspot, nd susiola ranporrsntrrrrurruritu NIuurIl. U1ra1r1, utility, obsrvatiOrr. arrd g~urnshtipa ligter ircrft, suprsonc trneI~ot, ad a ubsoic tansprtia operationraul irrrtuiisrixninedcud frnrte tix field data ware
ear reported, Data are presented in the form of graphs to showcoprdt hpuflwim i heesgoflaarrf.Te
aircraft performance In terms of speed versus altitude, fuel reults ip11r1r 1 t lo t f 110 11111`111i111 Wiul ing t .111desg If (10uaror11.10 ITIMh
consumption versus range, and thrust and dreg characteristics, pruuilsA fot titleior nrax grrulitntill dalignH ussu ithourser IvnrissIII
The various formulas and mathematical models which ear used panuatrun is ninunluunusgrrfrtrc uls u
to obtain the desiared match of power plant and olirfrme for icutAho
various mission requirements sar Included. The application of
computer techniques for the optimasatiom of aerodynamic
configurations Is discussed, Author

liti
N?4.141 Messrchmtt-oeluowBlom Gm~bH..Munch 74-34489# Advisory Group for Aerospace Resxearch andN74-424 essrschittBoelow-BohmG~m~.H. Munch Development, Paris (F11ronca).

Moest Germany). TECHNICAL EVALUATION REPORT ON THE AGAftO
DESIGNING FOR MANEUVIRAIIUTYi RE11GUIRMEMNT111 SPECIALISTS MEAlING ON DESIGN AGAINST FATIGUE
AND LIMITATIONS J. B. DeJorig (Nall. Aerospace Late.. ArnsVurdaml Aug. 1974
Helmut Langfolder In AGARD Prelim. Aircraft Design Jun. 18 11AalPTSH 40
1974 15 p IFor availebility snN74-32420 22-02) (AGAPD-AII.71Avi:NI C4O

111ssd In the technology expected to be operationally available Propertiest arnd performnirce data on tighter aircraft fatigue
in the 1970 time period, the design requirements and relevant are examined. Damage tolerance associated with structural safety
design trades to ensure adequate maneuverability of military and inopeotiibility III considered, along with flight load monitor.
aircraft are discussed. The basic contradiction of range versus Ing J.AM.
payload and maneuverability requirements are treated from the
point of view of preliminary design, Maximum lift end buffet
penetration as well as maneuver devices era presented. Reference
Is made to cost Implications. A point design for extreme
maneuverabillity Is analyzed with respect to the charaote risticsl N75-10053# Advisoiry Group for Auncuipaite Researcht arid
of balnced design for fighter aircraft. Author Developrenert. Paris (Fuanrin).

I ~CRITICAL REVIIEW OF METHODS TO PREDICT THIE BUFFET
N144-41M2111 LTV Aerospace Corp., Dallas, Tex. CAPABILITY OF AIRCRAFT
MODERN ENGINEERING METHODS IN AIRCRAFT Halinrut Johin lMusserschirrttlltoetlrrw Mullenrr G.mr.b~.H., Munricth)
PREU1MINARY DESIGN Sep 1974 33 In rets
W. W. Huff, Jr. In AGIARD Prelim. Aircraft Design Jun. 1974 (AGARD-Nt823) Avail- NTIS HC $3.75
IG 1 p refs 1(For availability seeo N74-32420 22!02) A garirnal tiurvuty of rnittrroda for prirdicrirug thun buffet

T1hu impact of comiputer technology on modern engineering penetnratioln capabuility of airicraft of varitous corifigurstions in
methods far the preliminary design of aircraft Is discusseid. LUrge primrinterd This Iriflunrics that luimiting rectors may lixve on the

* I ~copwiach iliftal computer systems and their peripheral equipments pnnrforrnrnrrncnnoatuafightier aircraft lis arnalyseid The senseitivity cit
provide the opportunity to bring all significant technical and turn ralons at xrihsorrr, t1111i111011r0, Oilrd 8trpIrrrnorrC apeuds1 aru
managerial disciplines together In art integrated program. Moat examiined Iliae ffects tin stnructurual auparts to includre fatiguur
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life of flher airframre arid weapon systemr perforrirriue are explained Oskar M. Easenwnigera In AGARD Effects of Surface Winds
Graphii of typical buiffertinig conditions are inclurded Author and Gusto on Aircraft Desigrn end Operation Nov. 1974 p 7-085

refs (For availability see N75-15041 07-05)
N75- 100541#i Advrarjru (iturrp for Avrnrnrrace Ruuaarsr:I arid The wind vector siheer, In thre lowest 5000 feet for the go.
Develorpmentr. Paris (France) 95 and 09 percent threshold of the annual oumuletllha distribution
TRANBONIC BUFFET BEHAVIOR OF NORTHROP FBGA arnd the. maximum shear from 14 stations of the climatological
AIRCRAFT rlingbook and 27 stations of unpublisheld vector shear distributions
Chirirsin Hwarng iNrirthiorp Coil) . Hlawthorner. (;alif I and W. S are derived. All data ware normalized to a 100 m shear interval
Pi lNurifirop Corp. Hawtiirrnnr. Calif) !;all1 1974 33 1) rnfo by a formula. The outcome of the analysis confirms that the
iCorriract NAS2 63475) vector shear decreases from the surface to a minimum at around
(NASA CH.1409,19. AGARD-if 62~4) Avail INTIS HiC $3.75 2 km. A definite latitudinal dependence can be discovered with
CSCL 0 1C the mid-latlitudes exposing the strongest shear while the polar

Flighjt rIntri Ari pirroirri Oun ou ir I- 5A aircraft rit irastir or tropical zones display significantly lower valuesL Tables for
JIUrir 0i11 dyoIrnu311C hirffrit iricoornin itiritniitirit Ou ir lr 110Wing iii r facao 100 rrr and 60 in shear intervals are given for the average 90,
arnrd tirc ruspomrirvi rirurrit a Firumis ol tranuriiic rirarniuvroil calledi 95 end 99 percent threshold end the maximum sheer within
wirr upoi turns. Tiri rcunirrltiorr unrder whichi thre tasls were three typical geographic tones (polar, rnid-latitude and tropical).
corduadnioarfer definedi Tire fluctuasting biflet preasure date on and for the Station with the strongest shears within that mone.
the right wing of the aircraft were acquired by miniaturized Author
soln"ilonductor -type pressure transducers flush mounted on the
winig. Processing of tire fluntuating pressures arid responses N75-32096# Advisory Group for Aerospace Research and
Included the guiurertlon of the auto- arid cross-power spectra, Development. Paris (Frnenoel
arid of the upatial correlation functions. Air analytical correlation FLUTTER SUP'PRESSION AND STRUCTURAL LOAD
procedure was Introduced to curmpute the aircraft response spectra ALLEVIATION
based on the mneasured buffet pressures. Author Jul. 1975 94 p riots Ill ENGLISH and pertly In FRENCH

Presented at the 40th meeting of the Struct. and Mater. Panel,
Brussels. 13-18 Apr. 1075

N7S.15041# Advisory Group for Aerospace Research and (AGARD-CP-1751 Avail: NTIS HC064.751
Develpment. OPat SU FrACE WNSAD UT 4ARR Conference data on advances made In the ares of flutter

IFFITS F SRFAC WIDS ND USTOON IRCAFTsuppression and structrual ioad alleviation are summarized.
DESINd AND OP[ATO Partlcular attention was given to system design. behavior,

Nov.197495 pWisreliabililty, safety and redundancy, as found by analyses, model
AGAR-A-28i vai: NIS H64.5 nardl night tests. The use of active controls to suppress flutter

Amanalysis ofteofet fsraewnsadgasawas the dominant subject. The general problemn was asploreod
aircraft stability and control Is presented. The analysis Is applied ernd specific examples and experiences wets also presented. Flutter
itco the development of airframes, Improvement of basic airworhi. oto ftewn/tr obntoo h mang n
mass. better flight characteristics through gust load alleviation, of a straight wing were studied, wind tunnel frth;t were disciussed,

ndmethods for avoiding atmospheric turbulence. The subjects automatic plotsag In turbulent aIr was examined arid the
discussed are as follows: Ill the wind characteristics in the pahnito ofatvg otoswsrvee.FrIdvda
planetary boundary layer. M eeac n eoauia effects of titles, see N75-32097 through N75-32t14.
surface winds arid gusts, and (3) thne use of radicoronde data to
derive atmospheric wind shears for small Sheer Increments. Graphs 1171-217M~nelArrf oSLus o
and tables of wind characteristics, wind speed dispersion, arid NS407M~ntl icatCS.Lus o
statistical analyses of gust load conditions. For Individual titles, DESIGN CONSIDEIRATIONS FOR AN ACTIVE GUPPRES-
see N75-115642 through N/5-15844 SIGN SYSTEM FOR PIGHTER WING/STORE FLUTTER

C. H. Perisho, W. E. Triplet,. and W. J. Mykytow IAFFOLI In
N76-19M4 Atmospheric Sciences Lob., 'White Sands Missile AGARD Flutter Suppression and Structural Load Alleviation Jul.

1975 19 p refs IFor availability see N7S.32096 23.051
Range, N.Mix. Results fromr a previous study on wing/store flutter rer
WIND CHARAOIERISTICS IN THE PLANETARY extended in a preliminary system design to determnine realistic
BOUNDARY LAYER system Integration features, and to provide a feasibility evaluation
Henrry Recihels and Manuel Armandaric In AGAIID Effects of of a completely autormatic. pilot-out-of-the-Iocp, adaptive active
Surface Winds and Gusts on Airnreft Design and Operation Nov. flutter control system which automatically adjusts a system gain
1974 p 1908 refts lWr availability see NIB. 15641 07-051 arid compensation for different stores ril the aircraft. Information

Equations. graphs. correlation coefficients. aird tabulsteird obtained Included a definition of details involving hydraulic and
results describing wind Sheer, gust factors, wind variability, arid structural modifimnations, hardware and software components, flight
the turbulent characteristics of the atmosphere are presented. safety features, expected performance benefits and limitations.
Data were collected In the planetary boundary layer at White and program plans for a wind tunnel verification effort and
Sands Missile Range IWMSRI, Now Mexico. When possible, subusquent flight test darmonstrations Author
rsults were compared with thirrse obtained by other Investigators
Ini other parts of the country. in most cases, it was found that N5308BiihArrl op iinlnln)Cmeca
simple mathematical nrzdele could be used to driscribe the Aircra0ft BritihArrfvop.llnlnlniCmaca
meteorological paraemter as a function of stability. Author AiCrIVE FLTTRiv.RGSO

M. R. Turner In AI3ARD Flutter Srrppircuaion and Structurall
N71.11542 Royal Aircraft Establishment, Farnborough lEnglandi. Load Alleviation Jul. 1975 14 p taef lion availablnity See
Aerodynamics Dept. N75..32098 23-051
UK RESEARCH ON AERONAUTICAL EFFECTS OF SUR- The use of Root-locus, Nyqluist plots and statew space theory
FACE WINOS AND GUSTS in the design of active flutter auppresaion feedbsack laws Is
J1. G. Jones Ir AGARIJ Effects of Surface Winds and Gusts discussed. The concept of an optimum flutter suppression Pole
on Aircraft Design and Operation Nov. 1974 p 50-78 refs placement requirement Is Introduced. Description and examples
IFor availability sst N75.1b841 07-05) are given of Dressler's and Kalmon'tr dynamic observers for state

An outline of topics concerning aerona itlosi effects of surlece 3pace4 foodback when only oils transducer Is used. Examples
winds end guslts currentiy unider investigation In the UK or planned aegvnothefetvis ffribclwstofdeIg
for future research is presented. Emphasis is upon affects on conditions for three different types of aircraft. The effect of aileron
aircraft handling arid ridea qualitips, although attentcion is drawn power control unit ratei limit on the aileron ucontrol of Midu flutter
to the influence of handling performance upon loads experienced of a high aispect ratio wing In the presence of discrete end
ini turbulence. Particular areas discussed Include turbulence models random gusts was shown. For a cepanbility of 160 dog/sec.. a
and related procedures for aircraft airworthiness requirements. 20 percent Increase of flutter speed can be rntottnwd with very
turbuience models for gtourrdbasod simtuiation, criteria for aircraft large weight savings. The cutoff frequency usually quoted for
ride quality, the representation of the human pilot In analytical the transfer function of power control units lis shown to
studies of flijimjh In turbuience, and the use of active controls for underestimate Its flutter control capabilities. The possible need
gust elleviatiorl. Author for feedback laws based upon flight teait measurements Is

discussed. Author
N76-SS4 Army Missile Research, Development and Engineer-
Ing Lab.. Redstone Arsenal. Ala.
USE OF RADIOSONDE DATA TO DERIVE ATMOSPHERIC N76-320S9 Messetrachmltt- Boalkow -11ohm G~m.b.11., Munich
WINO SHEARS FOR SMALL SHEAR INCREMENTS (West Germnery).
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ACTIVE CONTROL OF EMPENNAGE FLUTTER Con A. Wiggins /in AGARD Flutter Suppression and Structural
0 Seiihburg. H. floenlinger. and M Kuehn In AGARD Flutter toad Alieviation Jul. 1975 12 p raft (For avallabilltv see
Suppression and Structural Load Alleviation Jul 1975 11 p N75.32090 23-05)
rets (For avalablirty see N75-32096 23-051 A descriptiont is given of how system requirements influence

After a sucaesslul application at the dactive flutter control the design end redurrdacy machanizationus of the hydraulio
toohnoiogy on at wingatore flutter problemi. an extension of thin actuation portion of the flight conitrol system. Some of the
technology to in empannrage llutter problem was considered redundant hydraulic Actuation concatila being used on advairced
The task was to develop. build and teat a control system which vehicles such as the NASA F-8 digital fly-by-wire aircraft and
actively suppresses a total airplane model fluttfir prriblbm by the space shuttle aer discussed by example-. A summitry is
counteractInut with a hydraulicaliy driven rudder The flutter given of the present technology available itt the field of redundant
phrenomeiron idescribed is characterized by large contributions of electrohydraulic actuation systems. Author
fuselage torgiorral mnoverwistr therefore producing high inartil
forces in cornrperisor with unsteady aerodynamic forces. These N6 116 dioyGopttArsaeRsac n
proprerties loari to a mild oureet of flutter. For the same reasonN6*5S# AvsrGou frAropt lsactan

rio api phce hargns it t~~r futti mde earthefluterDevelopment. Paris (Francel
tinrapd has cangs o te titei odsner te luterHANDLING QUALITIES SPECIFICA7ION DEFICIENCIESpoint are occurring Atithor A G Barnms Nov. 1975 23 p refs eeve r~

N76-32100 Boeig Co,.Wichita Kans.A summary Is prevented on the contributlonsreivdno
N75.2100Boeng C,. Wch~a. Kne.NATO nations ott the dleticietiolos uf Six different handling qualities

WINO TUNNEL INVESTIGATION OF CONTROL CONPIG. pcfotosTe r: MI..61 iP58*,TS3
URICD VEHICLE SVSTEMS MiI*F.83300. AR 577. AvP 970. The purpose was to determine
0. 0. Thompson and F. 0. Saevrt Int AGARD Flutter Suppression those portions of the various handling qualities specifications
end Structural LodAlleviation Jul. 1 S7 8p rets (Frwhich were Inadequate or overly restrictive. The result shows
availability seo N711.32098 23-05l that there were not a greet many rievere deficiencies. and those

Research utudlee was conducted to demonstrate active ?iutter that were found ware riot entlialy uniexpected. The collected..1mode controi and forward body ride control systems on a comments Illustrate the difficulty of collecting information from
one-thlrtieth scale B.52E aeoolasetic model, The NASA model,deinocrtfainauhiiswihqatfeslyg vi

orgnlydesigned and constructed lor low speed gust response dsg rcriia~natoiiswihqatfe l~gqel
teringnall toiidt ersn h ipaeue nte55 ies. Difficulties arise because the Information heeded to compare i

testngwasmodiiedto epieentthea~rpaneuse in he -52an early aircraft design with a current specification Is often notcontrol configured vehicle (CCVI fight test program. The CCVavlibs lcteesarlutneopbileifrminwhh
progranm flutter mods control and vertical tide cnntral systems vial;as hr ni eutnet ulct nomto hc
were scaled to maodl frequency and testad In the transonici might show a particular aircraft In a bad light. The need for
dynamics tunnel at condition* equivalent to airpiaert flight test further research is shown, Author
conditions. Wind turnnel test results ware compared with model
analytical and airplane flight teal results. The good correlation N76-17092# Advisory Group fot Aerospace Hoesarch and
demonstrates wind tunniel test models can be employed to verity Develocpment. Paris (France).
CCV system analysis and synthesis results, thus reducing riska SPECIALISTS1 MUETINO ON STRUCTURAL t 10910N
Involved In a new airplane development. Author TECHNOLOGY

Nov. 19711 183 p refs partly in ENGLISH and FRENCH
Presented at tile 40th Meeting of the Struct. anid Mater. Panel.

Aerospatiless Paris (France). IAGARD-CiP 184) Avail: NTIS HC $B 75

CLOSED FORM EXPRESSION OF THE OPTIMAL CONTROL The mainy problems of dynamics, aerodynamics end stess
OFARGDARLN OTURBULENCE whinrr are, involved Insircraftsfttrahein rmdsusd

Gabriel Coupry In AGAIID Flutter Suppression end Structural For individual titles, sse N76-17093 thrrouglt N76-17100.
Load Alleviation Jul. 19751 9 p rats In FRENCH: ENGLISH
summary (For availability see N75-32096 23-05)

An exsplanatioin Is given its to flow Wiener's theory makes It NS103Hwe idlyAito t. ~otodlnlni
fosiblter ri drieincoed for mnrl i hw thet thi ransfer function ofteNG103HakranefyAvainLd.Wodod(nln)
posiblter tu drveilsed for mnrl I hw thatti transfer function ofath THE SIGNIPICANCS OF VARIOUS MANAGEMENT AND
be expressed in aulrradeplativs form, the poles beinig proportionalTEHIA O NIUS NARC FT TUTRL
to the valricily of the aircraft. Thu Influence at parameters like DESIG.N
mess. scals of turbulence, is discusead. Finally, a comparison Is Alan James Trouiihton /01 AGARD Specialists Meeting on
given between results of flight teat and prediction. Author Structural Design Technology Nov 19711 16 p rafta (for

availability see N7B. 17092 08-011)
N75-321102 Office National d'Oudes et do Reocterche* Techniqiues aru surninarized which tire used In aircraft

Aeroseptiates, Paris (France), structural design. The In-service performance of aircraft as regards
WIND TUNNEL TEST Of A FLUTTER SUPPRESSIOR ON A structural accidents arid incidents as given together with typical
STRAIGHT WING costs lot ItI&D btrictural activities All aiicraft atructural design
Roger Destuynder In AGAHO Flutter Suppiession and Structural tscfrriuiue iri are tviewedI including stressing, detail design.Load Alleviation Jul. 1975 3 p In FRENCH: ENGLISH summary computer aided deeign and alternative a rthudo of testing. The
(For availability see N75-32096 23-05) tuse of value airgiriaering in obtaining optimrum cost aircraft Is

A study was mads of flutter due to a load hung under the diaiciubsd. Author
wing of an aircraft. Special attention was given to aerodynamic
end natural structural modios. Using en aerodynamically uncoupled
control surface made It possibale to sinmplify the transefr function N6104 Ain oclDsaitBoulAito.Sit

of~ ~ ~ ~ ~ ~ ~ ~~ ~VLTO OFe THEosstm ROLE Control obaie thiE waSn1oRotma.Clurnc)
out ithdes sero-ytremquThe aotrol kobtaiedgeo this w eoyayi EVLUIO not optmal ROLE71 PvioYtD BacY faait uTHAEtin STintS
forces and the wing dynamic characterietics, and provides anANLSSO IC INTlDEINO APR OYE
Increased damping ratio In the whale velocity range. Author EVOLUTI ON FICU ROLTHEU BUREAU OS STPRUCOTUPE

DAN$ LA REALISATION D'UN PROTOTYPP!
11175-321103 Sperry Rand Corp., Phoenix. Aric. Marcel Payrcity /it AGARD Specialists Meeting on Structural
MECHANIZATION OF ACTIVE CONTROL SYSr5M8 einTcnlg o 968 nFEC Sraalblt
Jamnes 9. Flannirgan arid Thomas A Elliotlt In AQARD Flutter sonr TN76 irto0o2y0Nov 197 nFEC ~raalblt
Suppression and Structural Load Alleviation Jul. 1975 14 p Chanrges that have taken place ini the work orginleatlon of
rats (For availability see N7B-32090 23-051 the stress analysis and aircraft structures design office during

Characteristics and limitations of currant active control tfre lost few years dues to the introduction of computer techniques
systems. In their ability to satisfy the sequirements of more precise were revlviewed. The relative advantages end disadvanitaegs of
con~rol of gain/phase relationships and flight safety ritpliottions, plotters arid intraactive graphics Iterminals wore sunmmratried.Aare discussed. Scolutions to the poteittial shborticomlings at these inumnber of comrputer programs used in the design of reproensailtiva
eyiatemrs wore alec covered. Author alircrft structures arid elements wore mentioned. Problense rellted

to computer running lime and the Inputting anid retrieval of
M7S-32104 Hydraulic Research end Mfg. Co.. Valoncia, Calif. data into rund froni corrptaisL161 were described. Applications to
HYDRAULIC CONTROLS FOR ACTIVE FLUTTER 8UPPRES- the Mercura arid Falcon 50 aircraft wars mentioned and
SION AND LOAD ALLEVIATION Illustrated. Trenil, by Y.J.A.
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N76,170O5 Westlanuio liloapters. Ltd. Veovil (England). comijulera a6 surnayed arnd benefits and pearrlties which result
THE STRUCTURAL DESIGN PROCESS FOR HELICOPTERS threfraom are diatcrssed. Aultror
WITH EMPHASIS ON THE MOTOR N6110M~nelArrf o t oi.MD. A. S. Howell In AGARD Specialists Meeting on StructuralN7-70 McoelAiratC.S.Luiu I
Design Technology Nov 1975 18 p ref (For availablity see WEIGHT CONTROL AND THE INFLUENCE OF MANUFAC.
N76-17092 080601 TURING ON STRUCTURAL DESIGN

The helicopter structural designer must develop art awareness Rt C Goran ht AGARD Specialists Meetiing an Structural
of many potential design problems not encountered In the fixed De~ign Technology Nov 1976 16 v (For availabrility see
wing field The Solution of thee problems Invariably involves N7t. 17092 08-05)
the three disciplines of dytnamics. aerodtynarnics and strerss. and Practices of weight conrtrol aird tire Influence of rrrrrnutacturirril
N further comtplicated by the increasingly srringent demands of oin stririrural riesigri are discus~sed for the F 4 sirtitit ofi aniniafi.
thre ovearall pariformance requirements These particular aspects ttta F. 15 air %uperiority aircraft. arnt the DC.10 wirng for
of helicopter design as well as rhe design process are introduced cnrrrr'trrrciNl Aircraft Many Of tire prluGIin fireaat a1 rt(Nsnri Of thre
by lbs paper, which airm considers the role af the structural constan~t rnerd to design afficiurt igirtl MrWighrt il1111,10r11011iby
deselgrre during the (ievrriopryertt pthase of irea helicopter. The ithe inrtrodtuctionr of new irtinturrialr. urrfiniritutrori. unit joirning
development of netv analytical and experimental rechnirques. the meuthods. rogethier wihr closer tolviunves. To sums eaxtent.
application of rtow tmaterilis, erid some structural design objectives optimum design and minimum manufacturing oust eppear

are also presented with a view to enhancing further the capabilities divergeint In naturo. Muchb of the interactiorn betwesen designt
of the heliciopter. Author and rmanufacturing is to compromise or stolk acceptance for

seemingly conflicting requIrementis. Author

N76-17096 Technische fiegeschoof, Delft lNotherlands) NIO18l1tO# Advisory Group fot Aearospace Relsearch airid
THE PROBLEMS ASSOCIATED WITH INTERNATIONAL Deverlopment. Paris (Franca).
DESIGN TEAMS AND THEIR SOLUTIONS CURRENT STANDARDS OF FATIGUE TEST ON STRIKE
Ef. J, Vaniee In AGARD Specialists Meeting err Structural AIRCRAFT
Design Techntology Nov. 1975 4 p (Pot availability see RI. D. J. Maxwell (RAE, Farnbcriougr, Enigl.) Jan 1976 1 3 p
N76-¶7092 08-061 nets

Somte prtrients relating to International cooperation In design (AGAiD-AR.92; ISBN 92-835. 1206-71 Avail NTIS
of aircraft and possible solutions for these problems ore disacussedl HC 83 60
The strong Identity of exrperiencedl design organizations. basald Thte rnsisr fatigue tiest constitlutes one of the ntoel Impoatient
on tradition and a long htistory. initially resultm In many difficulties aspects In almost all niodern tactics] aircraft designs. Withinn
and diflfernces of opinion, before a smoothly running cooperation NATO, wherare numerous different tactical Isrrcraft are employed.
hos been achieved. Other imiportant factors are variations In the aritd where severa) user tationts rosy operate en aircraft built by
drawintg numtberirtg systems. effecting the motdification system a dlifferrent nation, It Is Important that the mnajor fatigue test be
used during the design photse nd theareafter. Threre are thire performed Iii such a mariner that the raullls can be Interpreted

Prorulerns related to nornmalizatiorn and standardizatiorn of tilandard and used by the various ncounrufies concerned. This Advisory Rlepoit.
parts, and there Is still a large variation itt natlonol mraterial therefore. prasurril a statemerrt of lthe objectives of a fatigue
specifications for baslcally the samre material. Variations In the test, e list of ussanirul slaps ireeded to achtieve the objactives.
rational airworthiness requiremnents resulting In special conditions a summary of recorrunrandsl ions of the way the iteps sholdoin be

are an Important feature In multi -national deHign cooperation. carriedr out and a review of the barckground phitlosophty behind
Author the racommenrdations. Auitho~r

N76.1701117 Maserseietitiiitt*Soalkow*Itioitin CI.m.i,.H .Munich 11175.30207# Advisory Group for Aerospace Rtesearch arid
(West Garmaity). Development, Parls (France).
TH9 INTRODUCTION OF NEW MATERlIALS HELICOPTER DESIGN MISSION LOAD) SPECTRA
V. V. Toth stirl P Selvagiji (Aeriltatia Turiri /11 ACIAHD Stieuieliuts Aug. 1976 71 p rest lIn ENGLISH; pertly Ilit FRENC14 Presenrted
Meeting err Structural Design Technoloily Nov 1976 21 13 ar 42d Meeting of the Struaturs evid Matler, Panelt, Ottawa.
refs ( For availability tise N76,1I7092 09.06) Canada. 8 Apr., 1975

Boldiltas a discussion of the state of the art concerning (AGARD-CfP.2O8) Avail: NTIS HC $4.60
materltin,ý a sumimary Is presented sbouri work with now materials Mission witated losU spectra are applied to comporibrnl ftigue
at AERirALIA and Meeser119shmirt. Boelkow. 9ioltn Special life predictions for helicopter design critrae. For intdividual tiling,
attention Is Irlnen to materials for fightter aircraft struiclursa see N76-30208 through N76-302 13.

N751798 enralDysinic/F~t ort. eaNIG-30208 Advirsory G roup for Aerospace Itescaich and
THE ROLES OF ANALYSIS IN RELATION TO STRUCTURAL Dvlpet ai ~aci

TESTINGMISSION SPECTRA FOR THE COMPUTATION OF LIFE
TETIGEXPECTANCIES [SPICTRES1111 06 MISSION POUR LE

William C. Diets and Lawrence C. Selh /ifh AGARD Speciailisf CALCUL DIES DURRES DR V~il
Meetirra on Structural Design Techniology Nov 1976 14 It r Liard In its Helicopter Design Mission Load Spctra Aug
JFor availability see N76-17092 06i05) 1976 10 p In FRENCH (For availability see N76-30207 2 1051

The relationshipi berwoan arnalysia ard Ienst In explalined for The comtpiutation of the life expectanicies for- halicoplur paris
a typical mnodern fighter aitrcrft. The rote escrh plays as a pelt vwes shown to be strongly, effected by the atssurnptions rrracie Irt
of tlie total structural osrillflatloir program is ampheslied for lthe type of missions to be performed It appears preferable tu
mahaci rtelemen of the structural design procses These Iniclude restrict oneself to the most important flight characteristics, muchi
the efforts involved In duvaiopmnrrt of basic aliowable etrusses as speed end load factor, instead of including more elaborate
for design, wind tunnel testing, loads and stress anralysis. lull data (such as conrstraints) which canniot ha carried over to tilia
scale test, end flight teat. Currently userd methods and procertures design of new helicopters. Thie choice of Iteficoptirre selected
for solution of recent problemts in archieving economically should tie biased on at statistical sampling of the air floast considered
durable airframe structure and tfra appiosch to the Atiplication to give reliable informetion on the average mission sprectra of
of comtposites ore reviewed. Author these helicopters, rather than to focus IlIr attention am the single

helicoipter with, the most severe rutilization; the reason to( this is
N76-1 7033 Britishr Aircraft Corp.. Prestonifi(Egland). Military tliai i1to aiscrerniely unlikely that the weakest part would be
Aircraft Div.fonontemshihysrsemahn. Toi bYJATHE USE OF COMPUTERS TO DEFINE MILITARY AIR-fudertems hgl tesdrtchn. Tae.b n
CRAFT STRUCTURES
1. C. Teig In AGARD Specialists Meeting on Structural Desrign N76-30209 Messerschmitt-Boelkow-Blohmr G.ni.b H- . Munoichr
Technology Nov. 1976 32 p refs (For rivailabiliry sea N7t. 17032 tweet Germany).
08-06) THE IMPACT OF HELICOPTER MISSION SPECTRA ON

The cue of the computer as at tool to sldit stiictural dlesign FAlIGUE
has become firmly established during tire last twenty years lIi 0. Rai(churt In AGARD Helcicopter Design M'iur Lora1ud Spectra

kparticular, it Is probably true fthat Iin no other area of comrputer Aug. 197a 17 po raef (For errailabilifi. moo N78-30207 21-051
operation hoe greater progress been made than In strructurali Helicopter components are requested to have long service
analysis. Thre present state of the ail in the related rise cit lives. comirng dloss Ic unliimited lifetimes. However. there ear
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stilt real problems in the accurate prediction of the resulting A low cast structural integrity mnoritoring sysemer is reported
component lives because this requires the availability of oed. that porimito the determination of rn-servico fatigue damage of
quote mission load spectre The nature of the typical fatigus, helicopter structural corrponenis The tparameiertic data recording
loading situation, in combination with the requested long liretimes systemr Indicates sirspned. Htatic pressure. outside air temperature.
relies the question of the sensitivity to variations in rirasioll main rotor RP1M. roll attitude. vertittal acceleretion, lending goat
requirements and load spectra. For a light helicopter with a touchdoawn, and engine torque. Ilit addition to rnrASUring niiSriiur
hingeless rotor system using fiberglass rotor bladese ini commercial load spectra in actual servicer. the urse of a highly truritcted
as wall as in military application -the influarrce of different fatigue foad upectrum during initial design is advoatded that
mission requirements on load spectra and fatigue Is discusserd assurmes aircraft Operation in tire worst loading regime within
Normally, only a small portion of the complete missioon is ot 0 load, power. vibration, perfotrrencri. or 9tebilriy limiti; 100%
rimportance for fatigue. Therefore, the impact of modified missioin of the timrtC OG
speactra on fatigue is ass~ssed Author

N76-3218*3# Aidvisoil ryu fioar l ActioipiirnffiiRrar~uchiitiiroll
N76-30210 Wantlartd Helicopters Lid . Yreonil lEirglaridl Devirloprrentr. Pioniv (France)
HELICOPTER DESIGN MISSION LOAD SPECTRA ADVANCE&3 IN LNtGlNE BURST CONTAINMENT AND
A. 0. Hail In AGAHO Helicopter Design Mission Load Spectra FINITE ELEMENT APPLICATIONS TO BATTLE-DAMAGED
Aug. 19761 5 p (For availability sea N76-30207 21-05) STRUCTURE

the various stages of hbiloopter design area related to probecoed Sap 19076 22 p lofs Preseinted at 42di Struct sird Mutor
C. flight mission fatigue load magnitude& arid occurrences. The letter Panel Meetirng, Ottawa. Apt. 1976
Swere exfpressect as a percentage of total flyving time or as a iAGARO.FI848) Avail NTIS HC $3.60

number of occurrences par hour of flight. Magnitude of loading Two papenrr dealitig with protautloir syatririr for uiruratt irgairibt
was derived for the design stage fronm calculation or by parametric dtairage arisiriufrorm the impact of a vurnity of lrrnjiectiissl ouch
readout from aimilar aircraft types. The assumed maneuver oir military weaponsm and rlabriu horn onrrirre disirrtigrultrcr were
spectrum was the critical link in developing the design stage, litresirani. Pot irndividual lilies. sene N.76-32184 Ithroughi N76.
throughout prototype devilopmeniit andi model fatillue testing. .32185

13.0

N76.202ii Techrnology. Inc.. Daytort. Ohio. N76-32184 Boeingrl Co. Sieatle., Washr
US AR FRCEHELIOPTR OERATONA FLGHTADVANCES IN ENGINE BURST CONTAINMENT

SPECTRA SURVEY PROGRAMi PAST AND PRESENT nJBitw aisn rdJHroal i GR
163 L. Mairtin anti R El. Johnsoni, Jr. /It ACIARD Helicoplte Advaii Ili ling. Burst Ccnritsfinnitert mird Thrll Lent Ainpn. to
Design Mission Load Spectrum Aug. 1976 l8 p refs (Far Battle Damraged Slruct. Sep. 1707 in 1 -Q War availability nell

availability see NIC-30207 21.05) N76-32 183 23-00)
Darveiopment arid appliocatin of ilira Flight Condition I'ecognil. A partial ruiuivrw of recruit tninnarul pnarlontud rinto the

lion (FOR) technique for the processting of helicopter Operational appirtlcatiorn of fragmrenrt impacti sturtinia taudiri to aii urrrderiitarntiog
4 ~~dats are elaborated, The FCR technique identifies aircarft ot eng~line bursit fragmrenrt impactsi anid tile initial duviniulitirsint of

opertion airt lariltitns hichare alld flghtaniritins, nd ir ertiglrt burst contlairrirei natiaoirr killingj riPorIt Keviertoperations ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ i urii vrri swihamcle lgtcniinadm teril watrt, diescribedt Alt teat work to litte has Involved
flight phases which are called tnibsiar esglrrronts. Each idarriflicii* tranislatioiral riccIalanios. tire pillgrato ras rut yet resultnih Ii it
lion Is based ott the cheretoteintic behavior of the In-flighnt ntsall otrial vtmIIadto 1111yO
parotnistern. Wvith aucth Ideintifications, thea data piacussinig consrists prsftogram uctrpliltaiiniirrtrt ntiri urlit whditole t nuracsnirtirrryo
basicully of determinritng tilie ocauirsrcs airid durations of the ocrugrremild iuuarrrin folrr matioa n se waiti uretamewt]r thlaft mtsy raslisa
flight conditions atid minsion "ugmerits, ot rtiausiriirg the Inrflighrt iulrourrortsud wontairnmen ifoifrrtion wasiriinrI thatve tray ofttluenc
paramreters, end accordingly of pieaairtinU those dats so that uru ivinusirrigIulisit tnU ialrtitr
tirea flight condition atin russian nesjiriart time arid freqluency arveasinsa eftirit uti Kinvar fiiricweniriti l.s Aiutlu i o rfa tepuuirtue
rtivitributlorrn are quiantitatively defined by selected rjtnges of thre tvirerirral atuclr u oIt ifbi was f oriiithltuund.irc of tire barrllier tiir
flight paramreters. mitia pplicoatioit of the FCR technique permits therppmal ufrucgnIret wus ioriff ethat tryle r efficierncyofiiabrier of ir
the fatigue aiiralytit to corurpretreird arid apply more effectively stppngar Auilil il 11l-lodb h6 oprli ftilr
the operatioiral usage apeoutrurni to tilia calculation of thre fatigue ulr.Ato

life of critical tielicopiar Uamirolireits Author

N76-30212 Naveal Air Sysvteirr Commairnd, Weashington, D.C.
US NAVY HILICIOPTER OPERATIONAL PLIGHT SPECTRUM N76.:32165 Noavl Stirtuits Wraporr Cernter. Whirr Oak. Md.
SURVUY PROGRAMi PAST AND PRESENT FINITE ELEMENT APPLICATIONS TO BATTLE DAMAGED
KI. E. Malatrino lit AGAR0 Helicopter Design Mission Lead STRUCTURE
Spicrtnim Aug. 1978 i13 p refn (For availability see NIB-30207 Paru C Huanrgl /i AGAR13 Ailvei iii Loig Slrant Corntaiinmenit

U ~21-05) ani riot Eiil uri Apirt to Battlie.DamargedSittiutct Sol) 190V6
Iin-flight load specraci surveys have boeen perfornmed onrli tir 7. 10 rift IFur inrrllinility, 3et N76 3l2 183 23,05)

SHi.3A. CH 533A. CIA.48D, LH. I E. TH. 1IL anrd 1HH.20 helicopterk A Pattctiiri TucinirirtiltiIi tire deveprritrirt (if it tiritir eleirenrt
Date from those suravey rave beart used to establish a more illrnrrtn itruy retrresentinig it battler rinirrupud rnricrult Will Irrtraifilleni.
etiornal basis for Ataric arid fatiiitte structural designt critar in as Tile 11ii iriicalr tiis at i liai IIt turIlocia moot Ii Ping adii lung1 to tile

well 4a to onote liallisticrilly est abilis thre service lives of exstiatrg iitirtrriaitc sieicrrtitun at input lIote lot NAS F A N an ulytis Invto
critically loeaded structural componrents . Ittadrlltici to frase in-~flight dl Sri trbntly tiiowir Finrally. thin iirrrrrtimiriof malrcdtclirg tecitumtitlet
load surveys, datsavrev bueen obtalined tdurirng roperational landing in utdrtrlinruct Auithor
surveyal performed on the )IUP-11, HTL.3. lITL-4. H'L-5, H03S.
r(rrnd HIIS.1 hrelicorpters. Threme surveys were performned duringN7*0S# Ktir ie) soiae.FdodCtyClf
the early 1950'm. In% tht late 1960's. dale were obtained in CRITICAL* A anALYSI RoF AeCiOMPARISwoNS CEtWEENli
confined area lending operaitorns with the C11-53A arid CH-46I4 CLIHTIA TESALRSULS ANF WINDA TUNNIL S TEST

tteicptes.Recnty~srvrysermedduiirlant~gotettlsePREDICTIONS IN SUBSONIC AND SUPERSONIC~ TRAN#.
with the HH'i2U and 51-121' aircraft art itt. bindirrg platforms ofPOTAR AI
ismati ships at see Tirses data have breern used to up-date ita OT ICRF

Navys dsio ard tst ritriaforstrctual tregthforlaningC. Puatagotlt J1. C. Pliorn. and J. Isrdarid Washingtort NASA
Nlavysuiai deirt aitsto teostcteri fotrcurvusa all ostrlent fory' current Aug. 1978 50 p refe Transi into ENGLiSIA of French repori
plasfo uitiard detalsftese surch y aawll flgtB rvy tIre Navy cuntrrent. AGAnD-C'- 187. Apr. 1970 Presented at thin 40th Meetingi of
laira foprationtsr wuithy aurt as11-3 f alglt t sresid ninea houdrntenr the Flight Mach. Panel. Vailae Frtnci. 9.13 Jun. 11975

taninra Operatiorts withr tire 11153 helicopter ari"d istusea rudwr (Contract NASw.27901
endngopraios it tu ii.F reictpetttt iicutitl o (NASA TTPFill18fI AGARD.CI'.1ll1l Avail: NTIS

AuthorHC A04/Mr A01 CSCL 01 C

1175-30213 Army Air Mobility Rusemnaiht anti Devaniopmntrt Lab In relatinR test rersults obtained frem wind tunnels to resuilts
Mnllhtt Field. Calif fronm actual flight teste, correctionit must be mode 1o allow for
CRITIQUE AND SUMMARY OF THE SPECIALISTS MEET. aerouasatinr effects and the affect of Reynolds' number differences
ING ON HELICOPTER DESIGN MISSION LOAD SPECTRA Using data from Coircorde errd ablbus tests, ert attempt is tiade
Frederick H lrrrmen lit AOAIID Helicopter Desigin Mliso to define whit rdegree of accuracy may be enpeacted fromr
Loan Spectra Aug 1976 4 p (For aveiiribiiity sit N76-30207 aerodynamic coefffinrisrts detived frairr wind trinnel measure-
2 1-015) es Author
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G5 AIRCRAFT DESIGN, TESTING AND PERFORMANCE

N77-1 5034# Advisory Group for Aerospace flevoi-rch and use of ECS approaches similar to the Advanced Environmental
oevelopment. Paris iFrance) Control System should be seriously considered for new aircraft

NWA'INEAR EFFECTS IN AIRCRAFT GROUND AND design. Authror
F1.iANT VIBRATION TESTS
G HaidI (Messerschmitt-Boelkow-Blohm G m~b H . Munich) Dec
1976 21 p raef Presented at 43d Struct. and Meter Panel N7104f Drit~s. ~~..PldlhhfnWs
Meeting. Londion. Sep 1976N7-03# DrerSvtenGmbHFldihhlfn W t

IAGARD.R.6t52; ISBN.92.636.1231-7) Avail NTI11 Germanry)
:1,HOAO/M~ ~lADVANCED THERMAL COMPONENTS FOR EFFICIENT 'HC A2/MPA01COOLING OF AVIONIC SYSTEMSExampies of ion linnear vibration beihaiior in ground rirsorrerice W. J. Schworzctt In AGAIID Avionlc Cooling and P'Divet Supplies

testg of air aircraft uro shorwnl Mordel taests for a simnplified system for Advanced Aircraft Nov 1976 16 p (For primary document
with nontlirrur propertims have beenr performed. to study tire sea N77-16031 07-05)
'jffects of friction and backlash with inspect to giourid resionance Avail NTIS HC Al l/MPAOl
tert and flight flutter testI With symmerntric andl asymmetric Avionics cooling requirements are described and the overall[ ron-lrrraar stiffness charectariotics effects of armplitude dependent design features of ispacelab avionics cooling syatem are presented.
frequeiicles, mode coupling, mode asymmetries arid the consa- The analytical toots for comprehensive calculations in the area
querices In parameter IdentIfIcation in vibration tests aire polleId of cooling systems are described. Different types of hest pipes
out and discussed ...In case of flutter critical modes the problems and phase change com'ponents are presented shtowinig the possible
of appareant damp irr caused by nion-lInear system properties are kinds at applications. These heat transport and storage components
shown, and recomienrnnrdatians tire given to reach a representative mainly were developed for space application. Author
flutter clearance with respect to this non-linear system behavior

Author

N77.16035#t Federal Water Quality Administration, Chicago.
N77.10031# Advisory Group for Airoepaoe Rlesearch anid i
Development, Paris (rraincr). BEST CONCEPT FOR AIRCRAFT ELECTRONIC EQUIPMEN4T
AYIONIC COOLING AND POWER SUPPLIES FOR AD. [CONCEPTION OPTIMALE DEB EQUIPMENTS ELECTRONI.
-)ANriEO AIRCRAFT

P. W. Smith. ad. Nov. 1976 220 It resl Partly In ENGLISH; UUE AEROPORTES)
party i FRNCH Preentd u Avinic ParelSpeialsleJoen Bartrais In AGARD Avionic Cooling end Power Supplies

pa tly ie FRNHague. ete 10 t Avonc Pane Spcilits for Advanced Aircraft Nov. 1976 10 p refs In FRENCH (For
MetigR-P 9, IFN9-3508-1 Aal ,T primary document noe N77-18031 07-05)

iAGAD-C.19. lBN-2B350l8~9i Aval: TISAvail: NTIS HC AlfI/MF AOIHC All/N;F A0l A method is proposed for reducing the mass of electronic
Alternatives are diacussed to Improve military aircraft cooling equipment on aircraft and the electric puyvar required to operate

avionics. (2) nirore efficient rise of primary power. (3) more aificierwlneteInryrqitd atr o eaiemei r iecooling of avionics systems, 141 increasm In thre acceptable ambiet fo sailiastheineg requced.pari tors bewendfferelativ maeritare. gTve
temperature of caintocrienta. IS) reductioin In critical componentsfretbihn cmaio ewe ifeetmtras hdesired modifications are defined. Dynamic programming is used
end: (8) reduction in cooper conductors and more efiint to aimpliry calculations. Thre method in general and carn be used
distribution of generated hest. Tire temperature effects on aircraft for reasteahing the economics of materials or of energy.
equipment are Investigated. 1.M. Tronal, by Al.H

THE PROBLEMS Or COOLING HIGH PERFORMANCE Aviation Div.

MILITRY AIORAFITHE POSSIBLE IMPACT OF DC AIRCRAFT POWERI
Ian Howelis In AGARD Avionic Cooling and Power Suppilies UPISO H EINO VOI N T
for Advanced Aircraft Nov. 1976 13 p JFor primary document EQUIPMENTAvoiColnadPweSupsai
aee N77-16031 07-05) N. L. Sig~ournay In AGARD AincCoigedPwrSple
Avail: NTIG HC Al1 /MF . for Advanced Aircraft Nov. 1976 5 p (For primary document

The problenms imposed on tire aircraft designer In disposing iii N77-16031 07-05)
of ra~ectscd rcal were discussed arnd the pencalleý.; on the aircraft Avail: NTIS HO Al I/MPAO~l
of doing so were examined. The reasons why the problem Is so In most oases. the use of do for primary power In *clrjlpment

grea intody's eneatin o sirrof. ad te prbablit ofwiil: (l) reduce weight by lhs otdor of 10 percent, (2) reduce
grea intodye eneatio ofairraf, ad lb prbablit ofdissipation by the order of 10 percent, (3) give more flexibilitygrowth in the nest generation of aircraft ware discussed Sourcesinstcngpwruplead()eue eto-mntcof heat and their cooling requirements were Identified. The quantity I wthn oe upis n 4 eueeetamgei

or heat to be rejected has Increased, but the mess of the radiation by the elimination of power reirtifiars and by removing
aircraft has decreased. In particular, the effect of avionic cooling restrictions on some filter components necessitated by 400 Hertz
requirements onl totai aircraft hesl rejecution was Illustrated, supplies. To achieve the maximum benefits in the aircraft, the

Author following are necessary: (1) a range of do circuit breakers. (2)
further devislopment of inverters for ao gyro and similar tmotors
to give high efficiency overall, (3) development of Inverters forN77-16033# Aeronautical Systems Div., Wright- Patterson AFB, induction motors or brushiosee do motors to drirve continuouslyOhio. running riumps and fant, and (41 developnment of reliable low

AVIONICS COOLING ON USAF AIRCRAFT dsiaind od ovres atclryuiglresa
George C. Letton. Jr. Ir AGARD Avionic Cooling end Power dispto ot ccovrea atclrl sn ag clSuplie fo Adancd Ancril ov.197 9 res (oiIntegrated circuits to reduce size and cost. Author
primary document see N77-18031 07-061
Avell: NTIS HC Al lIMP A01 N7/1S11037# British Aircraft Corp.. Preston [England). Military

There Is a continual effort by the United States Air Force Aircraft Div.
to provide improved avionics equipment on today's USAF aIrcraft AIRCRAFT POWER SUJPPLIES: THEIR PERFORMANCE
were reviewed end approach*m& wvhich will Improve avionics AND LIMITATIONS
reliability. redrico aircraft penalty and lower life cycie coat, were K. P. Garrity and II. F. Bertolirri In AGARD Avionic Cooling
outlined. Greater emphasis. is needed on producing compatible and Power Suppires for Avanced Aircraft Nov. 1976 I5 p

aincsequipment adcooling "tm.A comprehensive trd ~ rprimary douets@N77-16031 0-6
study of avionics reliability versus environmental control system Avail NTIS HC At l/MP AOl
I ECSi coolling capability should be conducted at the start of the the causes and rates of occurrence of such effeititsas oboormell
aircraft devalopmenin program. F'rom this trade atudy, the ECS or emergencv lilmits. transient* and Interruptions which raise the
cooling capability can be optimized to minimize total aircraft life nsed for power supply conditioning were examined. The
cycle cost. The avionics contractor should condluct a detailed contributions to the-overali supply quaity of each of the major
analytical thermal analysis of internal black bon temperatures generation system comp-'nents and ti~eir mode of interconnection
early iii the development program. During quslificatlori testing, were highlighted. The basic problems of Incompatibility between
a thermal verification teat should be conducted to verify that ati avionic equipments arid hisctrical generation systems on modern
-omoonent temperaturenq arc, within the necciusary limits for military aircraft were discussed The operation of typical generation
required reliability. Use ot narrow limits on inlet coolant systems were evamined arid the reason for deviations fromn the
te~nierature. greater use of cold plates and liquid cooling, and ideal supply ware eoptainet'. Author
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05 AIRCRAFT DESIGN, TESTING AND PERFORMANCE
N77-16038# Dassault-Breguet Aviation, St. Cloud (France). prototype tests, could be shown to originate in the flush air

ELECTRIC GENERATION AND ONBOARD NETWORKS IN intake. By changing to a flush air Intake with parallel side walls
MODERN AIRPLANES [GENERATIONS ELECTRIQUES &T th& cooling system could be made to perform to entire sathlfactlion
RESEAUX DE SORD DAN LEE AVIONg MODERNEEJ in the series Author
Antoine Beau In AGARD Avionic Cooling and Power Supplies
for Advanced Ahicraft Nov. 1976 11 p In FRENCH (For
primary document see N77-16031 07.05)
Avail NTIS HC Al I/MF AOl

National norms defining the limits of different parameters of N77-16043# Normalar-Garrelt Ltd. Yeovil IlLigland).
electric supply end its utilization do not include methods for EFFICIENT SOURCES OF COOLING FOR AVIONICS
verification of compatability. An approach to such a definition is G. R Wites and G. F Stevenson In AGARD Avionic Cooling
presented. Various types of electrical networks found on aircraft and Power Supplies for Advanced Aircraft Nov 1976 19 1)
are revjqwed. Characteristic limitations of thi different souMrces refs (For pilmary documnent see N77.16031 07.05)
of electrical energy which directly concern the equipmernt usinu Avail NTIS HC A 1/IMF A01
the energy are discussed. Funcalional zones (normal. rare, The penalties and design constraints which can be applied
exceptional) and the types of charging and discharging (permanent with advantage to avionics cooling are diecussed. These range
or transitory) applicable to power supply and power utilization from orthodox air cycle bleed air systems to those utilizing rim
aire examined. Tranal, by A.H air only for their power supply. The emphasis li on systemsdesigned specifically for avionics cooling with ininimum overall

aircraft penalty. The effect of the aircraft operational tole ia also
N7.16036# Marconi-F.illott Avionic Systems Ltd.. Rochester discussed. Author
(England).
AIRCRAFT POWER SUPPLIES AND COOLING PROBLEM$:
A VIEWPOINT FROM THE POWER CONDITIONER
DESIGNER

P. Chapman /i AGARD Avionic Cooling end Power Supplies N77.16044# Departement Systeines Advencers Aerospatrale.
for Advanced Aircraft Nov. 1976 16 p refs (For primary Toulouse (France).
document met N77.16031 07-05) THE COOLING OF AVIATION EQUIPMENT ON BOARD
Avail: NTIS HC All/MF A01 COMMERCIAL AIRPLANES [LE REFROIDISSI.MENT DE

The main trade-offs In a modern avlonic power conditioner L'EQUIPMENT AVIONIQUE A BORD DES AVIONS COM.
designed to interface between electronic units and aircraft power MENCIAUXI
supplies were detailed. The ability to overcome the malor Pierre M Deiiasir In AGARD Avionic Cooling and Power
limitations of these supplies was demonstrated and the advantages Supplies for Advanced Aircraft Nov. 1976 20 p In FRFNCH
to be gained by Imuoiving them were discussed. It Ia proposed (For primary document see N77-1603f 07.05)
that a systenms approach. rather then the consideration nf power Avail: NTIS HC All/tMF A01
supplies and/or power conditioner alone, will produce a better Feasibility, cost, complexity, weight, and maintenance are
solution to the thermal problems associated with avionic factors to be compromlsed when considering the coolingof avlonlci
eqilpment Author edtulpment on coninmencal aircraft. Probleme encountered in

designing the cooling system for the Concorde and the Airbus
are discussed. The new concepts for Installation (N.I.C.) propose
methods for handling the growing complexity of electronic

N77-18040# British Aircraft Corp.. Preston (England) etulpmonrnt using techniques developed for spatial utilization.
AIRCRAFT COOLING TECHNIA UEC Cooling by conduction, by liquid. ond by boiling are considered
Ian Howelis In AGARD Avionic Cooling and Power Supplies Trarnsl. by A.H
for Advanced Aircraft Nov. 1976 13 p (For primary docunient
see N77.16031 07-05)
Avail: NTIS HC Al l/MF AO1 N77.16045# Hawker Siddeley Aviation Ltd.. Kingston uaon

The compatibility of the majol heet sources In millitary aircraft Thames (England).
with the available heat sinks are examined. The techniques PERFORMANCE ASSESSMENI OF THE CONDITIONING
available for refrigeration and the mrethod which can be used SYSTEM FOR THE AVIONIC EQUIPMENT BAY OF A SMALL
for transporting the heat from its source to ocnoling medium are HIGH SUBSONIC MILITARY AIRCRAFT
described Author R LeClaire In AGARD Avionic Cooling end Power Supplies

for Advanced Aircraft Nov. 1976 23 p (For primary document
N77-16041# Boaoig Co.. Seattle. Wash. see N77-1603 1,07-05)

THERMAL MANAGEMENT OF FLIGHT DECK iNSTRU. Engirne bleed air Is cooled by ducting it through a heat
MEN TB exchanger (in which heat is reiected to rain airl and a cold air
K. 0. Groom and . W Brooks hit AGARD Avionic Cooling unit. In which the work done by the air expanding through thiand Power Supphoq for Advanced Aircraft Nov 19J6 16 p turbines Is absorbed by e fan inducing ram air through the host

refs (For primary docrdvncedt Ai ste N77-1N031 07.05) exchanger. The cold bleed air is then mixed with uncooled bleed

Avaisls I primar d rt se 6air In proportions poverned by a temperature control valve which
Screening tests. for Improving a'lanlC equipment rooling, ensures that air is supplied to the aquirpanunt comnpartment atwereonidiutes ts, idenifr imroitg arndlic iallin current crewiili.tie lowest temperalure which would provent any risk of

were conrductsd to identify Ilmitra and deficiencies iii currant crawcodntonAhr

station instrument panel cooling systems end to Investigate condensation Author
advanced couliiig systems which enxtend or remove those liirts
A teas article simulating an englne Instrument panel was N77.16046# General Dynamlcs/Fort Worth, Teax
constructed. The advanrced concepts have cooling designed into THE EFFECT OF AVIONICS SYSTEM CHARACTERISTICS
tha instrument panel strucrture one includes a simplified reteiting ON FIGHTER AIRCRAFT SIZE, COOLING, AND ELECTRICAL
iroethod for thi units. Significant resuits for the baseline concept POWER SUBSYSTEMS
(current) are cascading temperature effects and thermal sensitivity S. Keith Jackson. Jr. In AGARD Avionic Cooling and Power
to the uncontrolled airspaces Laltind the units which Iirtnt them Supplies for Advanced Aircraft Nov. 1976 13 p ref (For
to low power units Author primary document see N77-16031 07-051

Avail: NTIS HC All/MF A0l
The effect of avionic systema electrical power and cooling

requirements art overall aircraft size and life cycle cost arr
N77-16042# National Aerospace Lab. Amsterdam [Netherlands) considered. Power and cooling requirements typical of advanced
THE COOLING OF A POD.MOUNTED AVIONIC SYSTEM fighter aircraft are first defined, their direct weight and cost
I. DeBoer In AGARD A-roric Cooling and Power Supplies for influences ara then estimated, and a simplified parametric analysis
Advanced Aircraft Nov 1976 6 p (For primary document eea is used to determine the compounding effects on the engine
N77.16031 07.05) and airframe characteristics brought about by the alicraft growth
Avail: NTIS HC All/MF AO1 curve. It Is shown that overall weight and cost effects are

During the flight teating of a pro-production reconnaissance significant. particularly when considered in the context of total
system, unexpected cooling problems were encountered. These program life cycle cost. It is found that technology developments
problems. which had not been experienced during previous should emphasize ,ystem weight reductions Author
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N77.15047# Royal Signala and Hader Establishmnert. Malelrn
fEngland).
COOLING OF ELECTRONIC EQUIPMENT IN RELATION
TO COMPONENT TEMPERATURE LIMITATIONS AND
R4ELIABILITY
G. German In AGARD Avionic Cooling arnd Power Supplies
for Advanced Aircraft Nov. 1978 10 p (For primary document
saon N77-16031 07-05)

p ~Avail NTIS HC Al /MF A0l
The temperature limitations of alectronic components oer

discussed together with the influence of temperature on the
reliability of the ehquipmenrt and its comporrert pears The thermal
performance of two representative avionic designs are compared
and the influence ot continuing eoind state device developments
on future equipment hest loads Is considered. The limitations of
air as a heat transfer medium are examined and a comparison
made with hluld cooling. Author

X75-70676 Advisory Grouip for Aeronauitical Research aridIi
AIRCRAFT DESIGN INTEGRATION AND OPTIMIZATION,
VOLUME 2
Sep. 1973 1 p
(AGARD.CP. 1 47-VOL-2) NATO-Classified report

NOTICE: Available to U.S. Goverirmanr Agencies and Their
Contractors.

Classified papers ware presenrtad at a meeting of fihe FMP.
Technical arnd operational cliaracleristica, of RPV weapon systems
warie presented in a esiusion on desaign Integration; design feature.
of air combat were also discussed. Author

X77.72040 Advisory Group for Aerospace Reseachrt arid
Clavetopmerrt, Paris IFranoel.
APPLICATION OF UNMANNED AIRCRAFT
Apr. 1975 488 rp
IAGARD.R-79. AASC-tSturdy-41 Avail Advisory Group (or
Aeroupae Research and Development. Peria, Fratnrie

NATO-Classified report

NOTICE. Available to U 6 Governmenrt Agencias.

Tihe operational concept Is oiie of complementing tacticat
air forces by employing unmanned aircraft (UMAI to carry out
conventional attacks against vitel countareair targets. A UMA
modular design configuration was used which permits easy
conversion to, alternate misaiorns and provides a atop by step
advancement onm en attack drone to an attack remotsed piloted
veshicle and finally to the more sophisticated autonomorus terminal
attack drone. The UMA syatem capabiliris wets snalyted
quantitatively by considering the aubeytaini. Itis total systerri.

p. ~cost. weapons. deilivery. survivability/vulnerabiiity, arid life cycle
Cost. Major technology airoas requiring additional efforts In order
to achieve the capability to perform the postulated missions
effectively were Identified Author
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00 AIRCRAFT INSTRUMENTATION

06 AIRCRAFT INSTRUMENTATION J. Idrec In AGARD AGARD Flight Teat instrumentalion Set.,
Vol. 1 Apr. 1974 li p refs (For availability siee N74-2•11133

Includes cockpit and catbs display duvicos. and flight 15-A4 1
Y instruments. For related infovriation see also 19 Spjnir•i•rc An analysis of the fundamental characteristics of a maalut-SIrr#ruenltaio/n anti 36 In,'trulenrat/on arid Photography ing process Is provided, The technical aspects of designing a

measuring channel are discussed. The phases in a measuring

operation are explained. The errore In measurement are analyzed
to show the type of errors, the shape of the distribution curve,

N74-10833# Advisory Group for Aerospace Research and and the effects of various degrees of error, Curves are developed
Development, Parls (Franco). to show the amplitude and osponse oharacteristics of flight
AOARD FLIGHT TEST INSTRUMENTATION SERIES. instrumentation systems. Author
VOLUME 5: MAGNETIC RECORDING OF FLIGHT TEST
DATA
G. E. Bennett. W. D Mace. ed. and A. Pool, ad. Feb. 1974 N74-25937* National Aeronautics and Space Administretion.
80 p refs Flight Research Centel. Edwards, Calif.
(AGAROograph-160-Vol-5; AGARD-AG-I6O-Vol-5) Avail: NTIS TRANSDUCERS
HC $;7.00 L. H. Welrather /n AGARD AGARD Flight Test Instrumentation

An assessment of the general requirement for a flight test Ser.. Vol. 1 Apr, 1974 14 p refas For avallablilty see N74.25933
data acquisition system is followed with a general discussion of 15-14)

the complete ilSm. The more important individual functions The use o; transducers in the measuring channels of flight
of the system are those most intimately Involved in determining last Inotlrumentation systems Is discussed. Emphasis Is placed

the performancel ofthe system and Ito efficiency In acquiring on transducers with an electrical output. The physical effsets
the dbase In the card of the recording Wpsootl emphasis Is placed used for producing the electrical outputs are defined. Diagrams
on the basic recording process, its capabilities and its problenms. of the various types of transducers are included to show the
and on the techniques necessary to overcome its shortcomings operating principles. Author
Besic design principles of airborne tape transports end the
characteristics of write/read heads and magnetic tape are also N74.25938 Air Force Flight Dynamics Lab,. Wright.Patterson
discussed. Author AFS, Ohio,

SIGNAL CONDITIONING
W. 0. James In AQARD AGARD Flight Test Instrumentation

N74.29233l Advisory Group for Aerospace Rneearch and -Sr., Vol. 1 Apr. 1974 16 p refs (For availability ue N74.25933
Development. Peris (France). 15.14)
AGARO FLIGHT TEST INSTRUMENTATION SERVICES, The signal conditioning of transducer signals obtained during
VOLUME 1; SASIC PRINCIPLES OF FLIGHT TEST flight tlst data recording is discussed. The linear operations
INSTRUMENTATION ENGINEERING performed on the signal are defined. Signal conversion techniques
A. Pool, ed. end 0. Boeman, ad. Apr. 1974 165 p rafts boed on amplitude modulation, frequency modulation. pulse
(AGARDograph.180OVol- 1; AGARO.AG-160-Vol- 1) Avail. NTIS duration modulation, and pulse cods modulation ire analyzed.
SHC i 1,50 Circuit diagrams of signal conditioning systems are provided.Monographs on the more important aspects of Right test AuthorR instrumentation are presented. The subjecta discussed Include.
l1) in.flight temperature measurements, (2) fuel flow and engine
rotation speed measurements. (3) open and closed-loop acceler- N74.25939 Radiation, Inc., Melbourne, Fla.
ometers, and (4) magnetic tape recording. The main emphasis SAMPLING AND FILTERING
Is on large automated instrumentation systems for the Initial L. W. GardenhIre In AGARD AGARD Flight Test Instrumentation
flight testing of modern military and cMil aircraft, The overall Ser., Vol. 1 Apt. 1974 13 p reft (For availability see N74-25933
areas of consideration are the design of the instrumentation 15-14)
aystem, the clelracteriatics of the individual measuring channel, The characteristics of dota sampiing and filtering systems
and the Integrationt of the individual dots channels into one used in flight test instrument systems ore described, The
date collection system. For Individual titles, see N74-25934 different approaches of date compression, redundancy reduction.
through N74-25945. and asynchronous sampling are anelyzed. The errors of commission

and sliasing are analyzed to show the effects on system accuracy.
N74.25934 British Aircraft Corp., Preston (England). Curves are developed to compare frequency against attenuation
THE USERS' REQUIREMENTS for various data recording systems. Author
M. L. Hannay In AGARD AGARD Flight Test Instrumentation
8Ct., Vol. I Apr. 1974 9 p raft (For availability see N74-25933 N74.25S40 Boeing Co.. Seattle, Wash.15.14) CALISRATIONThe process for determining the general requirements for a D. A. Tougas In AGARD AGARD Flight Test Instrumentation
flight ltst Instrumentation system is discussed. The manner I, Ser., Vol, 1 Apr. 1974 9 p refs (For availability see N74-25933
which the requirements are derived Is indicated by considering 15-14)
the test planning process and data anilysis. Specific requirements The various types of calibratlon which are used with Ilight
arising in various categories of teats are detailed. Explanatlon of test instrumentation systomrs are described. The conditions under
the data analysis requirements Is given. The application of the which limited calibretion procedures may be applied are defined
selection process to flight tests of unucrtificatsd and cerlificated The choice of the calibration standard and the points used in
aircraft Is compared. Author system calibration era analyzad. The calibration of a tlst instrument

or measurement system for environmental parameters Is
emphasized. Author

N74-29935s National Aeronautics and Space Administration.
Langley Research Center, Langley Station, Va.
AN INDUCTION INTO THE DESIGN OF FLIGHT TEST N74-25941 Boeing Co., Seattle. Wash.
INSTRUMENTATION SYSITEM& TECHNICAL ASPECTS IN THE DESIGN OF MULTI.
B. L. Dove In AGARD AGARD Flight Test Instrumentation CHANNEL DATA COLLECTION SYSTEMS
Ser.. Vol. I Apr. 1974 9 p roef (For aveilablilty see N74-215933 H. L Tolliven aind R. L VartDerVolde (Natl. Aerospace Lab.
15-14) Amsterdam) In AGARD AGARD Flight Test Instrumentation

The development of flight test instrumentation systems based Ser., Vol 1 Apr. 1974 18 p rets [For availability see N74.25933
on specific requirements for the flight tests is discussed. The 15.14)
factors which influence the Instrumentation system design are The technical requitemonts to be met In the design of
described. The usae of a measurements lint as a device for multichannel flight test Instrument systems ere defined, it Is
determining flight test requirements Is explained. A blcak diagram slated that reliability end accuracy are the leading considerations
of a typlol flight test Instrumentatlon system is provided. The In the chaine of the components end the design of the system
effects of flctore such as cost, schedule, personnel, accuracy, and the wiring The selection of on board rerording and telemetry
environmental qualifications, and reliability are analyzed. Author equipment Is analyzed. The design and development of data

proceseing equipment are explained. A block diagram of a dita
N74-25936 Centre d'Easeis an Vol, Brotlgny.eur-Orge (Franco). collection system with common signal conditioneis is provided.
METEOROLOGICAL CHARACTERISTICS OF A MEASURING The procedura for Integrating the main components Into a complete
CHANNEL system is discussed. Author
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06AIRCRAFT INSTRUMENTATION

N74-25942 Societe do Fabrication d' instruments do Mesure Tha application of accelerojmeters In movral flight test techniques
SFIM. Massy tFronca) together with their performance requirements are reviewed In
ON-BOARD RtECORDINtG order to guide the flight test engineer In making his choice of

C. RrqictufouiilInh AGARD AGARD Flight root instrumeintaltionl Instrument In any particular caea. The principles of frequency
Ser., Vol I Apr 1974 12 p refs (For availability see N74,25933 response tasts are discussed In associatioun with the theoretical

lb-14) haracteristics of various, nominally, second order systems which,
Thtr relcordirng mnethodt used In flight test evaluation& are are modified either by the method of testing or by the inherent

discusrtrd. The systerria in genrerall uria aer Identified us: (1i practical difficulties of Instrumtenti design. Author

Photo panel iecorders. (2) corntinuouis trace recorders. (3) analog
magnetic tape recorders, arid 14) digital magnetic tape recorders
Advantages and disadlvantageas of the Systems Ira analyzed. Block
utiagrarnis of a typical airbornet analog magnetic recording system
arid ari nirborier ditlital magnetic recording system are provided NBi 7107* Advisory Group for Aerospace Research and

Author Development. Paris (France).
ELECTRONIC AIRSORNE DISPLAYS
Dec. 1975 430 p refs in ENGLISH and FRENCH Preseinted
at the Avionics Panel Symp.. Edinburgh, 7-11 Apr. 1975
IAGARD-CP. 157) Avail: NTIS HC 511.76

Problems of airborne displays were considered, Reports in
N74-25943 Deutsche Forachungs- udVrucsrtatur the following aerase were presented: trends In the field of airborne
Luft. und Raumtahrt, Brunswick (West Germany). displays. evaluation and assessment procedures for airborne

TELEMETRY dist~y systems. display devices and materials, data processing.
A. Becker Ir AGAND AGARD Flight Test I riotrurrisrtation Sir., and displays for particular applications. For individual title*. see

Vol. 1 Apr 1974 13 p refs (For availability see N74-26933 N76-17108 through N78-17140.
The telemetry component of a flight teat Instrument system

is described A block diagram of a typical telsmetry system Is
provided. Curves are developed to show the nrnlulation methods
used with telemeitry, systems Etxamples of Supvroommutation and N76-11711011 Thomson-CSF, Malakoff (France). Div, des
subconimutaflon are Illustrated. Systems of on-lrine dale processing Equlpemotnts Avionlques.

using analog computing methrids, digitls compurting methods, TEIPC FM DR LCRNCARON
and hybrid computing rmethods are discussed. AuthorDILASN TUE VAIO

Y. Brault /It AGARD Electron. Airborne Displays Dec. 1975
8 p Int FRENCH (For availability @so NIS-17 107 (18-06)

The expicted Impact of modern electronic ailuorne displcy
systems on future aircraft wae presented, with ftriphoois on the
need to Improve rman-machine interacticins. eapcially in military

N74-25944 Deutsche Forachungis- und Versuchsarretalt furir aviation. Thre need Is Imposed by the following factors: (1) the
Luft. und Raumfohrt, Brunswick (Wasm Germany). setting of more end more complex operational flyln4 merinions,
GROUND-BASED EQUIPMENT all 12) the Introduction of aircraft (interceptors, fixed and rotating
0. Weber In AGARU AGARD Flight Teat Instrumentation Ser.. wing attack modetls with eave higher performtance. (31 the
Vol. I Apr. (974 11 p role (For availability see N74-26933J Introduction of more and more divoirsified weapon systems, (41
16-14) the existence of an extremely lethal and complex environment.

The ground based equipment, often in combination with Future applications to oivil aviation wart- also briefly mentioned.
airborne telemetry equipment, Is discussed from the standpoint Transi, by Y.J.A.
of trajectory measurement. An Important aspect of ground based
equipment is time synchronization with recordlngs made on board
the aircraft. The capabilities of a trajectory measuring system
are explained The selection of a site arid the procedure for N7411.171109 Marconi. Elliott Avionic Systems Ltd., Rochester
settiny up the equipment are analyzed. The methods used to (England).
obtain synchronization of the recnrdling devices aer reported. TRENDS IN TECHNOLOGY IN AIRBORNE ELECTRONIC

Author DISPLAYS
P. A. Hearnes In AGARD Electron. Airborne Displays Dec.
1975 16 p IFor avifilability see N76-17107 0S-G0l

The Increasing complexities and capabilities of flight Instru-
N74-25945 Centre d'Essois err Vioi. Bretilgny-sur.Orge (Franrti)e. mania are discussed with emphasis on future display technology. i
DATA PROCESSING Cathode ray tube end solid slate displays are examined along
J. Perrochon and J. T. M. VanDoorri In AGARD AGARD with the organization of the displays for providing an Integrated
Flight Test Inatrurnentation Ser.. Vol. I Apr. 1974 14 p rets electronic system. F.OS.
(For availability sitro N74-25933 15- 141

A functional analysis of the data processing systems used
for flight test instruments is presented. The types of date input
are Identified. Preprocessing of data Is discussed and the main 7110 SmtsIdtrsLd.BihpclaeEnad.
functions of thi, procedure are rueported. Medium sited and large N11-111 mt*Idsre t. ihp lae(nln)
stations with a relatively large amount of automation. are Advanced Displays Studies Group.

emphsize. AuhorPERFORMANCE REQUIREMENTS FOR AIREORNE MUL-
emphsize. AuhorTIFUNCTION DISPLAY SYSTEMS

G. Mann In AGARD Electron. Airborne Displays Doec. 1175

N74-394# Avisry rou fo Aeospce eserch@noAny airborne multifunction display must by definition be
Development Padvisor Groupfr cosaeReerc.n capable of presenting Information from a Variety of sensors and

AGARO FLIGHT 7EST INSTRUMENTATION SERIES. data sources. Some of those sensors end their critical parameters
VOLUME Ili OPEN AND CLOSED LOOP ACCELEROME- rar briefly considered In relation to their display requirments.
TENS The multifunction displary may need to be compatible with any
1. MutLaren (RAE), W. 0. Mace. ad.. and A. Pool. ed Jul. 1974 such serreor or sourt;* and also with cumputer generated

46 prefssymbology derived from instrumentation sensors and weapon

IAGARD.AG-i60-VoI-56 AGARDograph-1SO-Vol-0) Avail: NTIS systems. The input sources which appear to require the highest
HC 15.50 performance from airborne display* are those of the current and

The state-oft-he-art of both opent and closed loop acceierome- future Image forming sensors. There is a danger that many systems
ters used for aircraft flight test work, covering system and using multifunction displayis could be display limited unless the
component analysis and basic hardware design Is discussed. Both cornpies interaction between sensor, display and observer is
physical design problems and mathematical analysis are covered understood. Author
and special emphasis Is put on those aspects likely to be relevant
to aircraft fRight tsat work. Performance details include repesataill- N6111 Dush oahns n escmnttfs

* ~~ity, compensation for temperature variation. insusceptibility to N75t- 1711 Deutschet B oruswckhunest uemn y).shantltfe
cross effects, stability under vibration and frequency response. Lf.udRufht rnwc Wa emnl
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COMPARISON OF CONVENTIONAL AND ADVANCED attention to be paid to the achievement of a satisfactory
AIRCRAFT DISPLAYS man-machine Interface, without compromising indivldaI l senior
Ralf Beyer (Tachn. Univ., Brunswick) in AGARD Electron. Airborne performance Diagramse and photographs demonstrate the
Displays Dec. 1975 7 p raft (For availability see N76. I 7107 feasibility of the concept and compatibility of the htardware within
08-06) rhe cockpit constraints. Pitfalls facing the implementation of such

The comparison of conventional and advanced aircraft displays a system are included and the probable areas of conllict and
often requires a discrimination of two eample means of pilot's reward ire established. Author
performance and workload mreasures for a limited sample size.
a postulated nlinirrrum difference of means and a given error N76-17115 Royal Aircraft Establishment, Farnborough (England).
probability Under these conditions significant results may be Space Dept.
obtiined only if the population variance does not exceed a THE USE OF MODERN LIGHT EMITTING DISPLAYS INcertain limit Some major sources of variability and their Influeooce THE HIGH ILLUMINANCE CONDITIONS OF AIRCRAFT
on the significance of experimental resuits are discussed COCKPITI
Furthermore two different philosophies of evaluation of displays Brian Ellis and John Wharf fn AGARD Electron. Airborne Displays
arepresented aswellfas someaxparlances withpilot's performance Dec. 1976 11 p refs (For availability soe N78.17107 08-06)
and workload measures employed in flight :.*:-',actr and inflight A 3 mm high LED display was tested in 60,000 lux. Furthsr
Investigations of displays. Author tast& on the format and color of small matrix displays are also

described. It was found that red disp~lays aite more legible than

N7-1-7112 Deutsche Forschungs. und Versuchoanstalt fuer green In 10,000 lux. A number of other aepects of the perception
Luft. und Raumlahrt. Brunswick Weast Germany). Inst. fuer of light emitting displays in high Illumlnmnce ware also ix-
Fluglushrung. seined, Author

EFFICIENT ASSESS18MINT AND OPTIMIZATION OF
DISPLAY LAYOUT MY CONTINUOUS TACHISTOSCOPY N76-17116 Transportation 8yetems Center, Cambridge, MassJoist Thomas atnd Ulrich Slolzke In AGARD Electron. Airborne AN EXPERIMENTAL EVALUATION OF VARIOUS BLOC.

Diplayls Dec. 1975 12 p refs (For availability sea N78-1t7107 TRONIC COCKPIT DISPLAYS POR AIR/GROUND DATA08-05) LINK COMMUNICATION$

The method of continuous tachistoscopV and its benefits In R. W. Wialader, J. F. Conniff, end E. H, Hlilborn I" AGARDthe design process of elaectronic airborne display layout are Election, Airborne Displays Dec. 1975 34 p refs (For availabilitydescribed. A typical applioation in the field of advanced monitor Eee N76-1710Ab 08D06)
distplay is presented. The results of this experiment show the A serist of laboratory and cockpit simulator experiments
suitability of the proposed Investigation method for a straightfor- was conducted by the Department of Transportation. Transports.
ward assessment and optimization of complex display arrange- lion Systems Center in a study of the human factors aspects of
mants in simulator tests, herewith contributing to a consider- i Systems Canter in a sty f e huan factrs AtC of

of xpesiv inligt tstig.Author a cockpit digital dots linkt system for air traffic control IATCIable reduction of expensnive inflght testting. thoand airline company business communicatlorrai, The laboratory
experiments utilized photographic sEldes to study message

N76.17113 Thomson-CSF, Paris (France). Groupement lube% formatting. The simulator experiments evaluated visual discilays,
Elactroniquos. computer generated stynthltio speech and pilot input devices.
COLOR AND BRIGHTNESS REQUIREMENTS FOR COCKPIT The potential of data link for reducing pilot workload and channel
DISPLAYS PROPOSAL TO EVALUATE THEIR CHARACTER. congestion while providing efficieitt communications in a highly
IBTICB eutomated ATC system is of great interest to the Federal Aviation
J. P. Galves and J Utun In AGARD Electron, Airborne Displays Adrinistrtionn. The experimental resuits to date led to the
Dec. 1975 B p ref In FRENCH: ENGLISH summary lFor recommendation of a 1.-ahstrara.tr short message display.
availability see N76.17107 0o.05) development of some guidelines for abbreviating and formatting

introduction of color coding for information displays added messages, and the concluiIon that pilots can effectively commuri-several qualities to the already existing monochiromatic electronic lscti using visual displays, synthetic speech, and pusthbutton
aircrafl display. The information density to be displayed Is keysets, with en overall reduction in workload. Author
Increased, and the data xcquisition lime and the error possibilities
are reduced. Theis advantages are fundamental in order to display N76-171 17 Thomson.CSF, 'say lea Moullneaux (France). Groupe
graphic and numerical information. and lighted areas for let plane Optronlque.
flights control (map display. hud). These informations have to NEW ELECTRONIC DISPLAY SYVTEMS FOR AIRCRAFT
be detected by the pilot for every surruund illumination level INSTRUMENT PANELS (NOUViAUX DISPOIITIFS 0E
An experimental work schedule, associating brightness and VI8UALIeATION ELECTRONIQUI OUR PLANCHEIS DE
chrominance measurements on one hand. arid visual perception BORD D'AVIONSI
of operators on the other, permitted to separate different M. Coussediere In AGARb Election. Airborne Displays Dec.
parameters and to formulate several definitions about brightness 1975 7 p In FRENiCH lFor availability see N76.17107 08-02)
and color contrast, the Interaction between these two parameters Concepts for nsw electronic display systaems for aircraft
and their measuring conditions. 'Detection Index' and 'Discrimina. instrument panels ware proposed, emphallsing the need to
tion indlx' notions are introduced These parameters can be integrate and synthesize the Information presently given by a
measured and permit to esylVy evaluate the display rquality for number of different instrumentr These now systems can either
every background and surround Illuminatior Minimunr Index values take the formr of 'head.up' or 'head-down' display devices
are proposed for a confortable detection and identification of depending on the type and phase of each flight or mission.t
standard symbols eapecialty in the case of direct sunlight on Such systems would present the following advantages: il)
the displaying coard. Color display used is a color CRT with a presentation of more infornistion in leos apace, (21 presentation
ipenetration soreen developed by THOMSON-CSF for 'Head down' of the information that Is only required during a specific flight
and 'Heed up' display. Definition and standard introduced can or minson situation, (3) greater flexibility and large information
be applied to every irolor or monochromatic display much as carrying capacity. (4) presentation of the instantaneous position
plasma panel, liquid crystals, LED or any electromechanical of the aircraft and prediction of its future flight path The hardware
devices. Author used in the construction of these display systems could either

be based on tile present state of the art and include multi.

N79-17114 Ferranti. Ltd.. Edinburgh ($cotland). colored CRT's, or could Include new techniques now under study
INTEGRATED MULTI-FUNCTION COCKPIT DISPLAY such as plsmeas or liquid crystinis. Transl. by Y.J.A.
SYSTEMS
J. M. Braid In AGARD Electron, Airborne Displays Dec. N7611711 Ferrantl, Ltd., Oldham (Englandl.
1975 13 p refs (For availability see N76-17107 08-0.06 CRT'I FOR ELECTRONIC AIRIORNE DISPLAYS

The multifunction display concept and the necessity for Its M. R. Bennett In AGARD Electron. Airborne Displays Dei.
efficient integration to riert the more demanding future tasks 1975 13 p rfsf (For availability see N76-17107 08-06)
era defined briefly. Attention is drawn to the potential shortcomings The two CRT display systems currently under development
of past arrangements, particularly in the pilot's cockpit. The ore described. The first Is a packaged 178 x 127mtrn heed down
different data sources and sensors, categories of airborne display, display IHDDi CRT. The design concept and subsequent selectlon
diaplsy devices end types of drive signals are described and of the various alternative parameters whtch were available at
reference is made to their compatibility Particular mention is the start of the development are described. Each parameter Is
made of cursive, raster an-d cursiva-on, raster writing. An example taken separately and the analysis end subsequent results are
is given of how the vitrious elements in the system can be described. Full details ara given of a final package design currently
integrated with integrity, Into a system which permits more nearing completion which is intended to be fitted into a Hawker
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Hunter aircraft of RAE Farnborough for flight trails to evaluiti, is also reviewed. The origin of patches of different contrast in
the performance under real direct sunlight and sunlit cloud these devices is discussed together with methods of eliminating
conditions. The prime design consideration for this CRT was the them to produce devices with uniform contrast. Considerable
combination of a suitable contrast enhancement technique progres, hase been made sinE:e th'n invention of the cyanobIphienyl
together with the best uurrently available phosphor for operation in producing etable. colorlesm. low viscolity liquid crystals usable
at high brightness levels. The second CRT package described over the temperature range of -10 to +110 C. This progress is
wan again developed using a number of individual steps to optimize reviewed. The problems encountered with the extended tempera-
the design for a particular application. In this cuts the application ture range required for cockpit displays arid the displaying of
was for a helmet mounted head up display (HMHIID) CRT. complex alpha-numeric information is examined. Author
Reduced weight and size were Iecessary in ordor to harmonize
with the current helmet display concepts, This CRT was based N76.17122 Royal Radar Establlihment, Malvern (England).
on a commercial tube 02B/97D2Kh end the VX1776 designs MULTICOLOUR DISPLAYS USING A LIQUID CRYSTAL
which preceded it. The individual arairneters are alycod COLOUR $WITCH
separately Author Ion A Shanks In AGARD Electron. Airborne Displays Dec

1975 11 p refs (For availability see NI6-17"107 08.001
1N76.17111 Thomson-CSF. Paris (France). Groupement Tubes The conversion of a monochrome' CRT display to a two
Electroniques. color frme sequential display was demonstrated using a flat
COLOR HEAD DOWN AND HEAD UP CRT% FOR COCKPIT liquid crystal alectro-optical color switch. The use of a similar
DISPLAYS device as a polarization switch permitted the production of a
A, Martin and J. Brun In AGARD Election, Airborne Displays freme sequential stereoscopic CRT dieplay which may be
Dec. 1975 8 p In FRENCH; ENGLISH summary (For availability monochrome or color. Switching speeds of I maec at repetition
see N76.17107 08.06) rates up to 40 HIt are achieved by using an appropriate Iwo

Important development work. during several years, lad to frequency drive to the liquid crystal cell. This is sufficiently fast
the use of color CRT in cockpil displays, The characteristics of to meet frame sequential requirements, The construction,
these tubes and their behavior in airplanes are disauasod A properties and performance of these devices are described and
"separate program allowed the measurement of illumination range their advantages and limitations are discussed in relation to cockpit
found during flight, for determining visibility conditions of displays and other military applications. Author
instrument boards from complete darkneas to sunlight illumiriance.
A simuletor was built which reconbtltutes the lighting conditions. N78.17123 Services Electronics Research Lab.. Saidouk
Color display, incorporating color CRT, ellowing simultaneous iEngland)i
presentation of symbols in several colors, luminance antd shape EIICTRONICALLY.CONTROLLED LIMUID.CRYSTAL GOA.
were tested. Measurements of detection Indelx, as described in TICULES FOR USE IN OPTICAL SYSTEMS
another lecture, were carried on to evaluate conditions of C, H. Gooch end R, C. Bottomley In AGARD Electron. Airborne
perfectly confortabla vision and conditions of 100% accuracy Displays Dec. 1975 I p refs (For ovailabilitv see NT6.17107
indication of color symbols displayed by color CRY. A 7 inch 08.06)
diagonal ractanguler color CRT THX013.E17, meeting these In a number of optical systems theie is a requirement for a
specifications was developed for heed down utilization. The tuba graticule whose position In the field of view can be controlled
incorporates a penetration screen displaying red at 10 kV, amber electronically. This may be achieved by a liquid crystal device
at 13 kV and green at 17 kV. The electon gun was designed addressed by MOB circuits built onto the display, The device
to face bIsm intensity roquiremants, at all colors and symbol described gives a graticule display of 400 x 160 lines and achieves
luminances. An electrosiatlo focusing wilh zero current need. a resolution of 10 liiais/mm. Author
with focus voltage linearly dependant of screen voltage just
rsquesto single high voltage power supply for tube drive. The N76.17124 Sperry Rend Corp., Phoettix. Arlz.
CRT is ruggedised and double heater gun has been adapted in RECENT HARDWARE DEVlLOPMINTS FOR ILECTRONIC
order to Increass reliability. Under sunlight illumination DISPLAY 'SETEMI FOR US MILITARY AIRCRAFT
(7,000 fol, detsetion Index over 1 were achieved, and detection Richard A. Wallace In AGARD Electron, Airborne Displays
index over 2 allowing very confortable vision were obtained ii Doc. 1975 12 p (For availability see N76-171 07 01-Ol6
other less stringent conditions. Author Thi hardware design tradooffs required to meat thi varied

requirements of several CRT cockpit display systems are discussed.
N76.17120 Air Force Flight Dynamics Lab., Wright.Patterson The multimode display systems use both stroke and rester
AF8, Ohio. Flight Deck Development Branch, techniques to present varied formats of data from radar. TV. IR.
SOLID STATE FLIGHT INSTRUMENT DEVELOPMENT attitude, fire nontrol, flight director, end other aircraft systems,
Wayne A. Clements In AGARD Electron. Airborne Displays These display requirements are translated into CRT, phosphor.filter,
Dec. 1975 4 p (Foe availability see N76.117107 08-06) high voltage, video, deflection, end symbol generator requirements

An Air Force Advanced Devslopment Program is investilgatirrr; Power and thermal consideratlons ere emphasized is a primary
the iapplicability of dot matrix displays for flight control intrunmen. factor in various tradeoff studies. Digital symbol generation Is
tation. Program goals include flat panel design. digital addres. examined in terms of hardware functional, speed. and memory
mability, format flexibility and multi.function operability. Validation size requirements. Author
of the technology was reported and addressed the areas of
technology seleoution and fabrication techniques, optical contrast N76.171251 Royal Radar Establishment. Malvern (Engilnd).
enhancoment filtering, and dot metrix standards for legibility and DIGITAL SCAN CONVERSION TECHNIQUES
design. The light emitting diode (LED) technology was selected T. Snowball and T. R. Berry it AGARD Electron. Airborne
oa it fulfilled program objectives and did not require a research Displays Dec, 1975 19 p rafs (For availability see N7a.17107

breakthrough prior to application. Fabrication techniques were o1-011)
demonstrated and are within the realm of a high volume production The Digital Semiconductor Scan Converter. and the factors
method. Acceptable contrast enhancement via filtering resulted determining the storage capacity required wre discussed in terms
from the combination of a circular polaricer, bend peas element, of seneor and display CRT resolution, picture texture and observer
and atilreflactive coatings. A contrast ratio of 6:1 under the acuity. A versatile experimental digital cean converter with a
high ambient condition, i.e., 10,000 foot candles (fe), can be one megabit storage capacity, having various modes of store
achieved. Human factors studies showed little, if any, perform- organization and display preblntation is described. Author
once differences between the display of puntlate and continuous
symbology. Author N76-17126 Royal Radar Establishment, Malvern I Englendl).

POLAR TO CARTSI1AN AXI'TRANSFORMING DIGITAL
N76.17121 Royal Radar Establishment, Malvern (England). SCAN CONVERTEIN
LIQUID CRYSTAL DISPLAY DEVICES T..R. Berry and T. Snowball In AGARD Electron. Airborne
E. P. Reynes In AGARD Electron. Airborne Displays Dec. Displays Dec. 1976 25 p ref (For availability see N76-17107
1975 14 p refs (For availability see N76-17107 08-06) 08.06)

Liquid crystals enable low voltage lapproximately 3 volt) Ways In which digital scan converters can Improve on
low power (approximately 1 micro-W) displays to be made which conventional radar dliplay formats tre examined and how a display
are readable Iii high ambient light level and can be as large as can be extended to give presentations not previously available
30 ams by 30 ems. After a brief Introductiort to the liquid is shown. The major limitations of scan converters based on
crystalline state, the busis and the operation are described of shift rvgisters are discussed, in particular where such converters
the twisted nematic effect, winch has become tha, most widely are required to transform polar radar formatls to rectilinear TV.
used liquid crystal electro.optic effect. Basic device construction It Is then shown how the introduction of rle fast semi.conductor
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random access Memory (RAM) has made the axsi-transformation le~g. blinking, dash lines, line width, ino) index branch, subroutine
problem a relatively straightforward hardware implemeintatio,, of call and return, compart and skip. rotation, windlowing. and 9pecial
conventional axs-sconversion formulae. Special display and items like moving tape mater. Author
conversion problems associated with moving platform systems3
are outlined, and techniques for applying motional stabilization 1176-1171130 EMI Electronics Ltd.. Hayes (England)to the c~onverter to facilitate scan to scan Integration discussed. INTEGRATION ALGORITHM IN A DIGITAL DISPLAY STORE

*The organization of such ground stabilized converters to provide FOR AIRBORNE SURVEILLANCE HADAR
a choice of ground or platform satbilized displays are then V. B. Hulme In AGARD Electron. Airborne Display& Docdescribed. Finally, the limitations of a simple system based on a 1976 27 p refs (For availability see N76-17107? 08-08)*single picture point update per store word access (spot at a A search for optimum integration algorithms In a mnulticell
time transfer) is considered. arid a more complex organizlation digital display processor for airborne surveillance and search radarwhich allows for more then on* spot to be updated at a time is discussed Markovian statistics aer applied to evaluate
is outlined. Author performrancei in terms of probabilities of detactifon end false alarm

tiasuils are illustrateld by probrability graphsx characterizing thu
alternatives examined and a selected range of parameters. TheN7&-l1717 Hughes Aircraft Co., Culver City, Calif. best are ranked in order of filise siarm/datectlon probability ratioDIGITAL SCAN CONVERTER IN AIRMORNE DISPLAY referred to the input. for a standard performance. illis concludedSYSTEMS that algorithms employing a simple reguiar decrement are superior

G. K. Slocum and J. 0. Mysing (AFALI /it AGARtO Electron, to proportional decrement algorithms or sum and dump Integra.
Airborne Displays Doc. 1975 18 p IFor availability seea tars. A~uthor
N78- 17 107 08.081

Recent developments in digitai scan converters I0501 provide
high quality image storage for avionics sensor displays and can N76-1171131 Air Force Avionics Lab,, Wright Patterson AFB.
simplify the pilat's task% lIn radar target acquisition. Typical digital Ohio.
scan converter concepts and their system design Implications THE DAIS DESIGN AND SYSTEM INTEGRATION ASPECTS
are described for an Sir-lo-eir radar. a multimode radar and a OF ELECTRONIC AIRBORNE CONTROLS AND DISPLAY$
high obsolution reconnaissance sensor. Stolles of operator Nicholas A. Kopchick and S Joel Prembelaar (Mandan Assov
performance in using stored digital imagery with various encoded inc.) /ir AGARD Electron. Airborne Displays Dec. 1976 20 p
gray levels show eight shades of gray are adequate for radar refs (For availability see N76- 17107 OS-OS)
Imagery but at least 16 tira nestded for eloctro-npitical Imagery The Digitel Avionics Irnformation System (DAIS) encompasses
Tradeolff in memory %eecrition and digital Image enhancement Itre maximum utilization of electronic airborne controla and dispolays
techniques aer presented. Flirt cost of ownership analysis shows to present to the pilot all perninent and timely information
[iatr iliae high reliability, iuw riralitritence adjustments enid short necessary for bothr normal and degraded mission operations. The
repair time of digital scan conrvertors cart result in significanrt salient features Include a desciription of the DAISý (t) operational
life cycle cost servings over analogl 9r;dn converter display and system requirements. 12) control/dlisplay subsystem configura*
systems. Aurthor lion and functional operatiort, and 13) system and sxblsystrem

llfe-oycie coat corscrsideantio. Through the increased use of
N76-17126 Marconi-Eilicrtt Avionic Systemsr Ltd, IRochester common digital avionic equipmient, Arid software modules, an
(Englisr',t. effort Is being made In this program to directly attack the orobiemn
ECONOMIC SCAN CONVERSION TECHNIQUES FOR of rising liilscycle costs whiie. at the saome tirs nairntairnirng orINTEGRATED AVIONIC SYSTEMS increesing given performance levels. Results of recant DAIS design
Gt. C. Bull and Gt M. Sarling In AGAR3 Elrecrion. Airboirre studies and system arnalyzes. based on typical cmos, sir sutpport
Displays Dec. 1976 8 p (Fur availability see N7ti-17 107 o8-0ri) arid air superiority nisesions. coinducted by the Air Force Avionics

Modern cockpit dispirty.syotems are rmsking irc198~ting UNI) Laboratory are prestinteri Author
of TV raoter technittues to provide a noonmmin signal format for
a wide range uf differring types of compurlted arid sensor dlata A N7fl.17132 Marcorni-E~liott Avionlc Systems ltd.. Rochester
principal feature of such systems Is the necess~ary scan conversion (Englutnd) Airborne Display Div
units which should provide seinlrate translation of data aund videro THE TYPE 584 HUD WEAPON AIMING SYSTEM
picture inpute Into the comorrnr reeler dtisplay base Earlier donubleJ M~hn ItAAR ElcrnArrneDsay De
ended scan conversion tubes have beene boundt to rave inmost 1975 10 a rsf (For availability &sea N76-17t07 08-08)
unaccepatable problemrrs in forrms irf acurwacy, dyrrairine rairgi carld Heart rip display symitema Incorporating general tpurpbortt diaital
picture registrationr. A rnow technique using xt tuber sccan convarltir computers are now in wide scale operational service still their
of the sitngle electirri gun type avoids irairV of tlrs pnroblirrs tit ntlfectivontrrexaend reliability have been demonstrated In over
rhe eariear double onrctnd type anif lisrnilln the cconversiorn of 1,000.000 flying~ hours Later developmrenrts cf this type of systeor

* . ighniroluion idrrt ictreswittoutthu niirrielyhig cnstuhave expanded the role of the HUD computer to Inciude many
higth roourge mienror rctuires iithoruf rmn iouivolyn digith cot menton ruining furnctioins which have considerably Imiprovedn1cofrrv lartgre Vtihnul ho evierthe trirrrioftr icturlnt digitalrl slinitl woxprrn delivery afflectiverness narticuilarly in tire air to atir nodes
in size, mn new digitli techniqur luc n conseiderabily ritutnumruthori Tire fire corntroi system of the YF 16 prototypre arr corrbtat lighter
menmory rsquri~rrrotrrs compared withr thocse nsconinary for victrrr ux aos of ilire most recent systenrs of this type rnnid has proved
picture converr...ii. By retlaing tire rican tornveintioni trctitiftlie ilo highly effeictive in the FEdwttciv AFB fly-off The latest exampie
the particular task In trerrd. it appearrs protbabie that the cost at of this type of system iN the Marconi Elliott 664 which furthrer

fulu re scan converters can be reduced to a small proportiorn of extenda tire capabilities by the use at a test SiK. 16 bit computrts
t1hu overall display system cost Author This eqluiprrent users MSI and LSI techncology arid offers in

significanrtly increased ran~ge of weopon delivery modeis at it
comparable ocsta to earlier simple HUD srystemsi Author

N74-17129 Draper lCharliss Stark) Lab., Inc , Cambridge. Mass
DISPLAY GENEIRA101R INSTRUCTION BET CONIIDERA- N76-17133 Ferranrti. Ltd.. Edinburghl(Scotlamnd). IrrertiAlSystfims
TIONS FOR AEROSPACE APPLICATION Dept
Mvan S Johnson and Stephen K. Holford In AGARlO Electron THE APPLICATION OF ELECTRONIC AND COMBINED
Airborne Displays Dec 1975 11 ri ref. (For availability see DISPLAYS TO GROUND MAPPING AND NAVIGATION
N70-17107 08.06) W, H. McKinley In AGARD Electron. Airbornes Displaysq Dec

A tradooff study to determine desirable characteri stics In a 1915 5 p (For availability see N76-17107 08 061
display proceussor for an irorospece sapace shuttle) application is The evolution Is reviewerd of navigation displays jurd thI
reported. 'rhe assurned display device tis a conventional CRT. growth of their pictorial content. Civl arid military requirumntrrns
The tiraunuoffs involved in spenriyinig which irrmtructionn should are treated. Examples of a pictorial display for transport aircraft.
be Implemented lit the display processor's hardware tseprtoire end a Combined Display including topographical dami for military
ar vresernted. The imiportance of such a tradeooff focuses primarily aircraft are presented. Problems of data storage and the Increasing
uponr th* resultant software costts Cize, speed of execution, time need for color are mentioned. Tire combined display for military
to write nod do-bug) Incurred as at function of whether certain aircraft is introduced and It Is pointed out in particular that It
Instructions are Implemented in the processor hardware. Other permits an evolutionary approach by pilots because It retains
factors are vsiz, weight, reliability. processor/ display unit speed topographical data. yet presents many new possibilities because
relationsfitipe. and memory Imiplications. The tradeoff studly of of Its versatile electronic element. Somne possible fiuture develop-possible graphics capability Includes most of tire instructions that ments are mentioned and the conclusion Is drawn that certainan aerospace display generation scheme would be confronted real operationral constraints may be as significant as the availability
withr - including vectors, alpha-numerics. beam control Instriictions of more flexible tachnologies. Author
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Ni .1'134 FerrnUti. Ltd Edinburgh iScotland). Inertial Systems N76.17138 Thomson-CSF. lily I@* Moulirsaux (Frn . Groups
Dept Optronlque.
COMID: A COMBINED DISPLAY INCLUDING A FUEL CHARACTERISTICS OF HEAD-UP DISPLAY SYSTEMS
ELECrRONIc FACILITY AND A TOPOGRAPHICAL MOVING [CARACTERISTIOUES DU COLLIMATEUR DE TIN ET DR
MAP DISPLAY PILOTAGE (HUD)J
William M. Aspin in AGARD Electron. Airborne Displays D0o. M. Martin In AGARD Electron. Airborne Displays Dec. 1975
1975 11 p iefs lFor availability ase N76.17107 08-05) 4 p In FRENCH (For availability see N75-17107 08-06)

The design and construction of a new combined map and Development of ascond-generation heod-up display iiystems
electronic dirplay (COMEDI developed for use in fighter/attack coupled to large capacity computers that may provide not only
aircraft are described. The oprationalt advantages of this; type a complex visual presentation but may also undertake all
of display are discussed in the context of earlier and alternative computations required for aIr-to-air and air-to-ground tiring wae
types of combinedt display. The principle design alms of the reviewed. Further Applications of head-up display systems to
COMED display are described, and how these mirtse have bean civil aviation. primnarily in relation to blind flying near ground
i11t. is explaiied Author level (automated landing approach) were also discussed. It was

shown that the prnblern of integrating the computation and symbol
generation functons for both military and ciulil applications may

N71-17136 Technisuhe Univ.. Berlin (West Germany). Inst. be treated similarly, although military applications tend to be
fuer Luft und Raumfahrt. more complex. A general purpose computer with a capacity of
ILANDIG: A VERTICAL SITUATION DISPLAY 6000 10 bit words would be adequate for these applicatlons.
Wolfgsng Holstein In AGARD Electron. Airborne Displays Dec, Physical specifications of the Image and field of view were
1975 6 p ref. iFor availability see N76-17107 08-051 given. Trarsl. by Y.JA.

An interim report of e study of display requirements for
final approach iarnegement of STOL-aircraft is presented. The
proposal of this electronic landing display IELANDIS) Is based N75-17135 Royal Aircraf Establiahmgnt, Famborough(England).
on the perspective view of the vertical situatlon of STOL.airoraft A PROGRAMMAULK RASTER.IASIE DIIPLAY SYSTEM
In landing. The concept allows a continuoui surveillance of the FOR USE WITH lELCTRO.OPTICAL SnNSORS
auitomatic landing system and provides sufliolent information A. 0. White Marconi Elliott Avionic SBy. Ltd.) In AGARD Electron.

which enables the pilot to carry out the landing manually (if Airborne Displays Dec. 1975 9 p refs (For availability s
desired or necoeeary in case of failure). Furthermore there Is a N76.t17O7 08-06)
brief desrliplion of the hardware conflIgurstion of the hybrid An experimental airborne, programmable rester-based
simulation system IHSS). In its present slate the HSS consists electronic display system Is presehted, capable of generating a
of in analog computer EA 5680, a digital computer PDP-I 1/20. variety of symbology and superimposing this on a picture of the
a graphic display terminal UT 40. a simulation cockpit and a outside world provided by a forward looking daylight or low
magnetic tape station MORe/Ampex. The sohwata concept gives light television camera. Exampies of the symbolog" which can

a general view of the dataflow. Author be generated by the display system are described in particular
the initial symbology chosen for flight trails to invetigate the
potentisi of night vision sensors for low level, high spied flight

N76-17126 Office National d'Etudes at de Recherches at night. The philosophy of superimposing flight Information on
Aerospatieles, Paris (France), the picture from a night vision sensor is discussed, and it is
ASTROLAIE, AN INTEGRATED NAVIGATION AND concluded that superimposed symbology as necessary if an
LANDING AID SYSTEMI ON BOARD AND GROUND aircraft's night time capability Is to be effectively extended,
DISPLAY OF INFORMATION$ Author
Jacques Dotay and Guy Ringenbech In AGARD Electron. Airborne
Displays Dec 1975 8 p refs in FRENCH; ENGLISH summary
(For availability see N76-17107 08-06) N74-17140 Siemens A.G.. Munich (West Germany).

ONERA Is developing a microwave localization system, based WILL THE FUTURE ELECTRONIC AIRBORNi oISPLAY 0E
on the properties of synthetic antennas, which permits the sTsEROsCOPIC7
two-dimensional (azimuth and elevation), simultaneous analysis R. Stark In AGARD Electron. Airborne Displays Dec. 1975

of large numher of targets made of low power beacons. This 17 p refe (For availability see N76-17 107 08-06)

system ensures airspace surveillance, and at the same time Research into e method of air traffic conl aimed at the
provides the pilot with a visualization of the surrounding terrain realization of a cockpit display which permits the pilot to participate

(eg. runway boundarles) with ithe proper perspective. It permits actively in air traffic control Is reported. The goal was the
the integration of Various function of ground control necessary three-dimensional representation of airways end aircraft ehead,to the pilot in blind navigation. The data processing end dieplay as seen by the pilot, The working conditions of the pilota were

devices are described associated with this system: an optic device, examined with the aid of a simulator end seanes featuring relevant
arld an integrated digital device The results ere analyzed, and traffic situations were shot for a 30-film. The pilot depends on

the application possibilities of the system are presented. Author a microcomputer and a color display unit forthe method proposed
Data supplied by ground stations and airborne sensors are stored
and processed on-line. i.L. in step with the picture date. For

N75-17127 Marconi-Elliott Avionic Syslems Ltd. Rochestzer this purpose the object coordinates are transformed to the aircraft
position arid projected onto the picture screen aeparately for

EnULTI-SENSOR MULTI-FUNCTIO DISPLAY FOR THE the left and right eyes. The mathematics, simulation equipment
and simulation programs are described. The time requirements

PANAVIA MULTI-ROLE COMBAT AIRCRAFT and tIe volume of data transmitted and processed are ussessed.
D. W Hussey In AGARD Electron. Airborne Displays Dec The results favor a stereoscopic display. Author
1975 12 p IFor availability see N76-17107 08-08)

The weapon system operator's principal access to the wide
range of raw sensor and processed data avsilable on the MRCA N77-16050# Advisory fOroup far Aerospaca Research and
was implemented by the development of an integrated eleutronic Development, Paris (France).
diiplay system. The equipment is one of the first to solely utilize VISUAL PRESENTATION OF COCKPIT INFORMATION
a standard television frster to display both synthetic tabular and INCLUDING SPECIAL DEVICES USED FOR PARTICULAR
grophical data In a form directly compatible with ED Sensor CONDITIONS OF FLYING
television video signals. An electronically labelled multifunction G. Perdriol Nov. 1970 65 p refi Partly In FRENCH and
keyboard allows the crew member to access and update the ENGLISH Conf. proc. held at Athens. 20-24 Sept. 1976
computing system date in a wide variety of modes using the (AGARD-CP-201. ISBN-92-835-0181-0) Avail. NTIS
minimum ot controis and panel specb. The generation of HC A06/MF A01
synthetic symbols directly in the raster by modulation of the Cockpit human factor engineering Is discussed describing
video signal Is achieved by a novel form of time-shared digital display devices, navigational histrumenta, end weapon systems
techniques providing high accuracy and resolution with a Conditions such as: size determination, target recognition, imaging
considerable economy of hardware. A particular feature of the techniques. and pilot performance era discussed. For Individual
system is the elimination of staircosing of the raster generated titles, see N77-16051 through N77-16059.
graphics. Other aspects Include the achievement of high resolution
and ,.untrdvrt under conditions of extreme cockpit anmbient N77-10E01# Royal Aircraft Establishment. Fornborough
illumination. lhoe system forms the biaii. of a new range of lEngland). Dept. of Flight Systems
head down displays which are being developed for i wide range THE DEVELOPMENT OF AIRCRAFT INSTRUMENTS
of military aircraft types. Author E. J. Lovesey In AGARD Visual Presentation of Cockpit
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06 AIRCRAFT INSTRUMENTATION

-'Information Including Special Devices Used for Particular An experiment was conducted to determine whether low
Conditions of Flying Nov. 1976 15 p refs (For primary document altitude, terrain following flight could be ac~comnplished better
asee N77.16050 07.06) with steireoi television then With conventional two-dImeonsionil
Avail. NTIS HC AO5/MF A01 television. Nine sublrrcts. both pilots and nonpilots flaw a

A brief history of the ditvelopmerrt of aircraft cockpit simulated F-4 aircraft using only the information euppited by an
Instrument layouts is presented listing some of the short-comings air-to-giound television system Thre simiulatiorn system consisted
of current inutrument displays. An Indication of probable trends of 12. try 30-foot. 2.000 1 scale terrain modei, a gentry systemr
for future aircraft Information presentations is also given. Author carrying the teievision camiera, a moving base cockpit. and

associated computer hardware that provided the proper controi
stick responses. rfe subjrct a task was to fly as low as possible

N77-16052# Service Technique do l'Asrnuil Paris (France) acros. a 9 mite flight corridor without going below 250 feel
EVALATINOFCOCPIT LIGHTI0NG.u 0'IlaIO above ground level A sringle path that varied from see level to

LECLAIRAGE DES POUITES DE PILOTAGET 4.000 feet arid at a conistaint eirrperid of 300 knots was flown
L. D Heynanrenn and J. P Chavaleraud (Conitra Principal by all subjecrts lie subIrjrcts coiuld control only the vertical
d'Exaertisee Medicales du Personnel Navigant. Paris) In AGARD dmninoilairaf'figtAiithtin
Visual Proesentetion of Cockpit Information Including Specialdinsooftr irsfelgt
Devices Used for Particular Conditions of Flying Nov. 1970
9 p In FRENCH (For prinmary document seei N77. 16050 07-00) N77-16067# Royal Air Force Inst. of Aviation Medicina.
Avail: NTIS HC AOS/MF AOl Faninborough (Eingland).

Present stanidards regarding the lighting of cockpits (mnetru. THE PRESENTATION OF CARTOGRAPHIC INFORMATION
Ments, control panels. Instrument panels) are discussed. Some IN PROJECTED MAP DISPLAYS
of these regulations art oritielred in reference to flight conditions. /n AGARD Visual Presentation of Cockpit Information tIrcluding
Solutions concerning thit presentation of flight information is Special Devices Used for Particular Conditions of Flying Nov.
described. Tranal. by 8 B. 1976 9 p rets (For pimary document see N77-16060 07-061

Avail: NTIS HC AiOB/ MF AD,
Human factors research on the information coantent, coding

N77-1S093# Forschungsinatitut fuer Anthropotechnik, Marrken. and utilization of maps and charts designed specifioally fot
heim (West Germany). projected map displays Is discussed. Particular Issues are dliscussed
COMPARATIVE EXPERIMENTAL EVALUATION OF TWO- such asi clutter, color coding, red light legibility, relief represents.
DIMENSIONAL AND PIEUDO-PERSPECTiVE DISPLAYS lion. revorse format black maps and radar-map matching. general
FOR GUIDANCE AND CONTROL design principles are also derived Authror

/AAGARD Visual Presentation of Cockpit Information Including
Seia peie Ufse for PriarytdculaeCndtiose NfFl- in 1 N050 11177-Res0archlbs Aerosthce Mrh.etticaliv Aeopace Ohio. a

Spe97a D5pevics U(dFor priartidculaeCnit ion, of FingB Nov.6 R7.esvrh as. Aerospace Medich-al Div. APBrhospc. e~a
Avi-NTIS NC AOS/MF AOlI MATRIX ELEMENT DISPLAY DIEVIC121 AND THEIR
The roilative scdventayos of two and three dlimunsional displays APPLICATION TO AIRBORNE WEAPON SYSTEMS

are discurised. A fixed base simulation of a Do 28 airplane was In AGARO Visual Presentation of Cockpit Information Including
used Petornanc an sypoin ofregrd mccues ere acodedSpecial Devices Used for Particular Conditions of Flying Nov.

as well *asaubleotlve ratings. It iu sthown that in flying a complex 1976 8 p rats (For primary document sea N77-16050 07-06)
mission both displays have about the same accuracy M. C. F. Avail; NTIS HC AOS/MF AOl

N77-16054# Advisory Group for Aerospace Resusarch anti The impact of two imiportant metric display design variables
Deveiopment, Paris (France). on tactical targat recognition perforrmance Is discussed. Elerment
THE MALCOLM HORIZON density (i.e.. the number of Individual display resolution elements
K. E. Money, R. E. Malcolm. and P. J. Anderson In it Visual per degree as viewed by the observer) and the percent active
Presentation of Cockpit Information Inciuding Special Devices aeras on the display surface wars extperimentally manipulated by
Used for Particular Conditions of Flying Nov. 1976 3 p ref adjusting the viewing distance from a rear projection screen
(For primary document sees N77-i(16050 07-06) over which a grid mask was placed. The terget* Were presented
Avail: NTIS HC AO5/MF A01 to subjects using loom Imagery at a simulated slant range which

Thu Malcolm Horizon in a bar of light whinh shines across initially precluded recognition. As the target size Increased subjects
the instrument panel of en aircraft cockpit driven by motors so were asked to press a remote projector control button when

astomveinamane oresodig otha real horizon they were virtually certaion of the correct respoinse. Thu results
ousid tohoe aincraft Tnnier otorrespondingle ho %iv-o indicate little effect of percent active area [ie,. down to 55
outidehtheeadrcrantbyTheimotion isroed troimadhbygyervo-mtfors o percent) on target recognition performance for element angular

thic airref. d riven b f aiimuator derive ad fro ltigyro pltfrmal hofe ubtanse values between 0.75 and 3.0 minrutes of arc. Icorres-
then caircrf.Aries u of theimulto trals andtflighto tralsaei have pending to element densities of front approximately 165 to 40

beencariedouton te dvic insri ttenip toevalateit nd lements per Inch at a 28 Inch viewing distance). The effects of
further develop it. and to evaluate airciaw performance whileelmndnsthwvrwreagendcfo edo
using thne device. Thu trials showed that the bar of light is very eeetdniy oee.wr ag n ofindt
compelling. is In constant view regardless cit where the oace expectations derived trom tira limiting resolutioir of hili visual
may he directed and donis not intsirfore with the normal reading systenm Geomrrtric mathematical derivations tire proviritd for
of the instruments. All of the pilots who hav Iown with the the relationships between element deansity, viewing dilstarnce, target
Malcolm Horizon reacted positively arid wouilr welcome thre size, semnsor field of view, total number of display elements srid

addition of thise device to the cockpit Author slant range at timie of target recognition Author

N77.1SO0564# National Auronalitic0slaid Space Administrat ion N77-11SO09# National Aerospace Lab., Amsterdam iNatlrerlandal)
Ames Research Centeir, Moffett Field, Calif. A THEORETICAL FRAMEWORK TO STUDY THE EFFECT
GROUND-RE111FERENCED VISUAL ORIENTATION WITH OF COCKPIT INFORMATION
IMAGING DISPLAYS; MONOCULAR VERSUS BINOCULAR in AGARD Visuisi Presentation of Cockpit Information Including
ACCOMMODATION AND JUDGEMENTS OF RELATIVE Special Devices Used for Particular Conditions of Flying Nov.
ISIZE11 1976 7 p refs (For primary documient sea N77-16050 07-00)
in AGARD Visual Presentatiorn of Cockpit Information Including Avail NTIS HC AOB/MF AOl
Special Devies& Used foir Particular Conditions of Flying Nov A theoretical framework Is presented. descrilning Iruinna

1969pres(o piaydocument see N77-16060 07-06) operator's participation In manned vehicle sysiteors. Thre humair
1976l 9TI p C rAts / Ior prirnerD operator mui described iii terms comimensurate with those used

Monocular and binocular Judgement errors are discussed for for other system elements, which Is desirable because of the
various Imaging media and techniques. The Juidgement errors of complex Interaction between humeri functioning and iris task

Weand distance are described for computer and sensor generated e nvironment le~g. cockpit information). The result is en Integrated
dzopleys. M. C. F. miodel of the man machinns situation serving as a diagnostic

tool. jfor existing systems) and allowing the extrapolatiorn to inow
situations. The theoretical framework deals with manned vehicle

N77-16056# Pacific Missile Test Center. Point Mugu. Calif. systems Involving tiria humari operator psrorlmnricu conitirruous
TERIRAIN FOLLOWING USING STEREO TELEVISION control and/or decision making tasks It will be iliustrated how
in AGARD Visalis Presentation of Cockpit Information Including thre effect of cockpit informa~iorr (eg., type, quality and Interference
Special Devices Used for Particular Conditiorns of Flying Nov. of displayed Information, both visual and auditoryl onl Irurric
1976 10 p refs IFor primxry docunment ago N77-16050 07-06) funictioning arid moission success can be operationalized airr

Avail: NTIS HC AOS/MF AOl straightnforwardly investigated. Author
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X77-72031 Advisory Grouip for Aeormpace Researcli and
Developmenv~t. Paris (France).

6lMOI'ILY PILOTED REUGIABLE VEHICIE11

Oct 1975 1i4 p
(AOARD-CP- 178) Avill Advitiory Gioup for Anroipacue Reslearh
and Development. Pariti. Franco, NATO-Clanilfled report

NOTICE Available to U S ihovoirrnmlt Agenc;ies

Six poiputr tra prosented ooverrig Oniboard avionics for
rimotuily rn•.rirablo attack vOehirii. ond hlatia (digs)laV arid co n.
1,,ilrictlori far cormmaronid mid control of reiutelv yPllotod
vahiclesi. Author

*84

S[.



07 AIRCRAFT PROPULSION AND POWER

07 AIRCRAFT PROPULSION AND N74-20403 Rolls-Royce, Ltd. Bristol (England). Engine Dlv.POWEROPTIMUM ENGINES FOR4 MILITARY V/STOL AIRCRAFT
ft. M Donning and N. A. Mitchell In AGARD V/STOL Propulsion

Incoludes prima proplsrionr Itystems and aystarint conmponents, Systems Jan 1974 13 p lFor Ovalimbility see N74-20401
eg.. gas turbine sirgineri and compraisors. arid art-hoard 11-25)

The charactermsics of propulsion sy~stems for V/STOL low-levelauxiliery priwer piants for aircraft For meilted informatiorn see close support and air superiority aircraft are discussed The
also .20 Spacierarirl Proyruisionr odrl Power.ru 28 Propellants and requirements for optimum engines based on the operational
,"unns, cnd 44 Enwiaq,y Produ~ctioni Jirr Corirvofsiorr reqjuirementis of tire aircraft are explained Charts, graphs, and

diagrams aire provided to show the evouiution of military V/STOL
combat aircraft and the associated proputlsion systems. Author

N74-9257 Adisor Grop fr ArrrueacoHeserabN74-20404 Nraval Air Systems Corimmand, Washington. D CN7-129# dvsoy ropfo Aropae esarhairli FORMUL.ATING MILITARY REQUIREMENTSDevelopment, Paris (Franci)~ RI. L. VonGerihrrtlr it, AGARD VISTOL Propulsion SystemsTECHNICAL EVALUATION REPORT ON FLUID DYNAMICS Jan. 1974 12 p role (For availability Bee N?4.20401 11.21)PANEL SPECIALISTS MEETING ON NOI SE MECHANISMS The formulation of military requirements often includesJ. E. FfowcsWlllienme Feb. 1974 19 p Meeting held at Brussels, conflicting elements and may follow several different paths. Many19.2 1 Sep. 1973 diverse technical concepts which are in varying stages of(AGAiID-A14-66; AGARD-CP-13l) Avail: INTIS NC 14.00 development inust he consideried. rhe formulation process lIa
The mnecharnics of sound generation by turbulent flows was discussed and some of the technical slid design considerationsstudied. The enuphosis wast an aeronautical problems arising from are highlighted The Inceptiorn of the NavV'e V/STOL Fight er-Atiackthe field of aircraftI naice control. Six separatei headIngs whichPrgaIsevwdtothrihsmenicinofhepges

effetivly olegiria te sujec at@$ o th piets rosnte onthe Navy's Medium V/TOL Program. Both of which are beingare: Ill nource Identification: (2) the influence of moan flow cornsidered fur tile Sea Control Ship and other applications.
s tructure on the generation end propagation of sound: (3) Additional conotraints on propulsion system development and
of let noise; (a) problosm areas likely to become moref Impor-tant. Author

N74-20405 Societe Notional@ d'Elude at do Construction do
Moteuras d'Aylation, Villlroche (France).

N74.19484# Advisory Group for Aerospace Resaerch and' THE MOTORI!ATION OF SHORT TAKE-OFF AND LANDING
Devel~popmet, Paris (Francs). AIRCRAFT [LA M0O0OR1SATION DES AVIONS A OECOL-
V/ST0L PROPULSNION DVGTNM5 Technical &valuation LAGE IT A ATlIRRISSAGE COURTS)

1111"ARobert Laurens Ir AGAIID V/STOL Propulsion Systems Jan.
H. Grieb lMotoren-und Trjrbinsrt.Unlon Muenchan Gmbrl and 1074 16 p In FRENCH (Forr availability see N74-204011 11*2e)
N. A. Mitchell (Rolls Royce, Ltd.) Jan. 1974 12 p roef The operational isnd environmental requirementis for STOL
iAGARD-ARf144 Avail: NTIS NC $4.00 aircraft such as airfield length, nmilts reatilctions and pollution

The proceedings of a conference on propulsion syatems for limitationa are reviewed and commented on In view of the
V/STOL aircraft are presented. The subjects discussed aro: (1) subsequent angina requirements, The choice of thermodynamic
propulsion systenm and airframe Integration, i2) V/ISTUL propulsion cycle for opt inrur raks-off/cruise fthust matching and economicalsystem components, (3) environmental effects, alid (4) V/STOL sic and the main design parameters influencing fan noiese are
propulsion system operating experience. Author disousanid. Speciel attention as paid to the Improvements In engine

handling made possible by the use of variable nozzlesi end/or
variable pitch lens. This allows low thrust levels at high fan

N 74-20401 # Advisory Group for Aerrospace Research and ioi haulked landings and thrust reversal. Author -Deivelopment, Paris (France).spesrsutninfvrbengieepoetislprat
V/TLPROPULSION SYSTEMS

Jan, 1974 415 p ref. Mostly in ENGLISH. pertly In FRENCH N74-20406 Motoren- und Turbainnrn-Unron Muenchen G.rmb.H.
Preseonted at the 42d Meeting of the AGIARD Propulsion and (West- Germany).
Friergotlcs Panel, Fohleiseeo, Germany. 17-21 Sep. 1973 INVESTIGATION OF THE RELATIVt MERITS OF DIFFERENT
iAGARD-CP 135) Avoli: NTIS HCS$23.76 POWER PLANTS FOR STOL-AIRCRAFT WITH SLOWN FLAP

The proceedings of a conferencs on V/STDL propulsuion APPLICATION
systems atre presented The subjects dliscussed include the .14 Grieb. W Kluscmatin. antd G. Weist In AGARD V/STOL

r1 following. i1l optimrum engines for military V/STOL aircraft, (2) Propulkion Systems Jan 1974 119 p refs (For availability seeengine cycle selection for commrercial short takeoff aircraft, (3) N74-20401 11-28)
requirenments fot V/SYOL propulsion and drive train uoampctnents. The, reiative merits of different air supply systems for
14) development of advanced technology V/STOI 'rropeiier STOL-.iroraft with blown flasp application are investigated. Under
system. (5) engine arid aircraft design consideration. mfiacling consideration aer self -suatained supply units. suc~h es gas turbine
aircraft noise, 161 characisristics of tilting fans under cross flow driven compressors, rmiote compressors driven with hot gas

*conditions, arid (7) operational experience with V/STOL propulsion from the cruise engines and 2 possiblities far otfftkeli of
systemi. For individual titles. see N74-20402 througl- N74- compressed err foron the cruise engines. The nit supply systems
20433. reviewed aer compared with riospect to the desigrn requirements.

the operating behaviour including any reactionsraon the cruise
engines, the sensitivity to component failure and the weight

1174.20402 Moturan- und Turbinen-Union Muenchen G.m.b.H. penalty to bet expected. Author
(West Gerroanyl.
COMPARATIVE APPRAISAL OF PROPULSION SYSTEMS N74-20407 Royal Aircraft Establishment. Bedford (England).
FOR VTOL-AIRCRAFT A THEORETICAL AND EKPRRIMENTAL INVESTIGATION
Heinrichr Larbach fIn AGARD V/STOL fPropulsionr Systems Jan OF THE EXTERNAL-FLOW. JIET.AUGMENTED FLAP
1974 19 p For availability see N74-20401 11-28) P, R Ashili Irn AGARD V/STOL Propulsiomn Systems Jan.

An engine-oiriented miethod for a functional description and 1974 18 p ref.t (For availability see N74-2D401 111-28)classification of all existing and future aircraft lot propulsion Theoretical methods for calculating the forces and momentssysterts is presented. It in assumed that all aero propulsion outing on wings with external-flow, jet-augmented flamps aresystems mort macle up of assemblies which carry out the thrust discuasad. Oire of the simnplest of thoses relies on the analogy
genreration, thrust augmeontatilon and thrust control functions. with between the internal-flow. let flop and the extarnal-flow. let Mlap.
various principles of operation being possible, as wail as various To date, this nmethod has been limited in application by Its relloiace
comlrinstions of the said assemblies. If these three fundamental orr either measured or assumed value of the loi-deflootion angle
functions are determined symbolically arid free-of-value. it will and tho thrust-recovery fuictor, I.e. the factor that is applied to
be possible to obtain a basic deecription and a cilassification of the nmomentum flux leaving the sxlt of the engine nacelle toall existing and future engines. via the determination of the energy allow for turning and spreading losses. This paper is concerned
Ilows. Moreover, this classIfication method will permit derivation with a semi-empirical method for predicting ithose parameters.snd description of new, unconventional power plants. Author 'rhe method Is based on en analysis of a series of tests perlormed
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on a wing. body and njector-powered nacelle under static aircraft weight and direct operating costa ire given. The study
conditions. The formulas derived from the analysis aie combined uses an aircraft with e fixed passenger load, flight plan and
with a theory. wihich in based on the jet-flop analogy, to aerodynamic characterietlcs. end an engine with a fixed gas
provide estimates of the forces and moments acting on wings generator. The two main parameters are then wing loading and
with external.tlow. let-augmented ilaps in forward flight bypass ratio. It was concluded that there Is a considerable penalty
Comparisons ar, made between this method and wind-tunnel in operating costs for shortening the field length. Author
data obtained from tests performed at the RAE and elsewhere.

Author N74-20412 Army Air Mobility Reeearch end Development Lab.,
Cleveland. Ohio.

N?4.2040 Fiat SpA. Turin (iltaly). Div, AvIeriotte BASIC RESEARCH REOUIPANMENTIFORViSTflLPROPUL-
ENGINE CYCLE SELECTION FOR COMMERCIAL STOL lION AND DRIVE-TRAIN COMPONENTS
AIRCRAFT John Acurlo In AGARD V/STOL Propulsion Systems Jan.
Giorgio Fee and Alfredo Capuanil I•bcieta Aeritalis, Turin) In 1974 14 p (For availability nea N74-20401 1 1-28)
AGARD V/STOL Propulainni Systems Jan 1974 11 p (For The design of aircraft engines for use with V/STOL aircraft
availability see N74-2040t 11 .28 pa is discussed, Emphasis Is piaced on the aerodynamic components

The ovule and design parameters pertinent to a turi.lon to of the engine. The subjects diacussaId *ra as follows: I II general
be used for STOL short haul applications have been studied. requirements, 12) compresseors, 13) turbines, (4) combustore, and
For the chosen aircraft contliguetion, the 0.riteria that condition IS) drive train concepts. Graphs of engine performance under
the choice of the Cycle, listed In decreasing Importance. have various operating conditions are provided. Author
been determined as follows: (1) low noise level, 12) high specific
thrust to obtain low-weight end reduced-size engines. and (3) N74.20413 Deutsche Forschungs. und Vereurthonstalt fuor
low specific fuel consumption Is~f.o. it is concluded that the Luft und Raumfehrt, Port (Wesa t3ermany),
controlling factor is the nolse level requirement for airports In AERODYNAMIC INTERFIRINCE liTWEEN FUSELAGE
congested ateas, In order to satisfy this and the mission operational AND UFTING JETS EMERGING FROM ITS LOWER PART
requirements the turbofan engine is driven towards medium bypDas

ratios end high thrust weight ratios but with less emphasis on 0. Viehweger In AGARD V/STOL Propulslolt Systems Jan.
s.f.c. Author 1974 14 p refs IFor availlbillity see N74-20401 I 1-28)

In a basic experimental study on a cylindrical fuselage, the
N74.20409 Deutsche Forsohungs. und Viersuchenstalt fuer change In lift and pitching moment Induced by two lifting iets
Luft. und Roumlahrt, Goettingen lWest Germany). of high velocity, lltuaedta one behind the other, is determined.

WIND TUNNEL TESTING WITH ENGINE SIMULATION FOR The constructional principle of the model permits a wide
V/STOL AIRPLANES variation of fuselage length, of the distance between the jets
R. Wulf and E, MHlier In AGARD V/STOL Propulsion Systomrs nd the diameter of the jlt nomzles. As aerodynamic parameters
Jan 1974 14 p rats (For availability see N74-204011 11-28) the angle of attack, the location of a wing relative to the jet

For the development of STOL and expecially for VTOL nozzles, the mainstream and the jlts velocities are varied within
airplanes with modern engines, wind tunnel testing with adequate a wide range. The pressure distribution on the whole surface of
lot and engine simulation is of great importance. Current engine the cylIndrical fuselage central snetion is measured. The results
systems &rt classified, Their main characterilslls concerning the provide a survey on the influence of the different parortetera,
aerodynamic interference between engine and airplene or between The aerodynamic problems are discussed, The experimental
engine atid the surrounding flow field are described. Based on-. Installation and the performance of the teuts are deslcrbed.
these aspects suitable simulation systems are discussed. The Author
power requirement for exact simulation is estimated and in the
case of compressed air supply the influence of pressure ratio N74-20414 Army Air Mobility Research end Develolgmaent Lab..
and temperature is shown. Some simulators developed and Fort Eustis, Va.
used In the last few years illustrate the different tatting techniques RESEARCH TOWARD DEVELOPMENT PEASIBILITY OF AN
for compressed air blowing, ejectors. and tip turbine driven fans. ADVANCED TECHNOLOGY V/BTOL PROPELLER IYSTEM
Concluding remarks present some proposals for a future
collaborative program of work in the field of engine sitmulatlon. Joittes Gomes. Jr. and Robert M, Lavintan In AGANO V/STOL

Author Propulsion Systems Jan. 1974 12 p refs Prepared in cooperation
with Hamilton Standard Div., United Aircraft Corp., Windsor Locks,
Conn. (For availability see N74,20401 11t-2)

N74-20410 (eneral Electric Co,. Cincinnati, Ohio. Aircraft Analytical studies and limited hardware efforts have shown
Engine Group. that improvements can be obtained in V/STOL propeller
RECENT TECHNOLOGY ADVANCES IN THRUST VICTOR. components through the use of Improved materials end new
ING SYSTEMS concepts, Several of the design concepts which evolved from a
Richard P Taylor and Joseph A. Lander In AGARD V/STOL baseline feasibility study were explored. Some have oeon partially
Propulsion Systems Jan. 19,74 1t p reho (For evailatllity see proven and others require ignifilcantly more research thin
N74.20401 11.28) anticipated. Laboratory test work to date on the boron-alumin um

The important technical chaltenges thet must be overcome blade spar indicates that the material characteristics are ideal
in cider to make a reality of thrust vectoring of ail afterburning for a propeller environment. However, the efforts expended for
angine for a multl-mission aircraft rwo approaches to vctor- rAuearch on titanium Vast tooth oatings have indicated that
ing . with and without •fterburriing in lift are described which rnuarch more retsearcih [t necesaory. Author
have been developed to the point that they are available for
direct applioetion to an engine development program. In addition, N74-2041B Motoren. und Turbinen-Union Muenclire G.m.b.H.
the evaetliton/selectiorl/dlsIgn criteria for vectoring systems have (West Germniny),
developed to the point where specific design end configuration THE INFLUENCE OF THE CONTROL CONCEPT FOR V/STOL
considerations that are peculiar to VTOL are Identified and ENGINES ON THEIR STATIC AND DYNAMIC PERFORM.
reasonably well understood. Thus, although the engine and siroraft ANCE CHARACTIRISTICS
industry cintinue the search for and development of even better K. Sauerfelind and 0. Doapner In AGARD V/STOL Propulsion
thrult vectoring systems and Installations, it is tionsidered that Systems Jan. 1974 13 p refs (For availability see N74.20401
the fundamental tenhnolugV end knowhow is available to 11,28)
proceed with a thrust vectored, etterburning engine and aircraft. The decrease of total thrust and the changes of important

Author engine parameters of two-spool bypass engines caused by bleeding
sir upstream of the combustion chamber for stabilizing arid for

N14-204111 Societe Nationale Inreustrielle Aerospathlel. Paris maneuvering VTOL-aircraft in the hover or transition phase hive
(France) bean investigated. A variation of the engine design paramesters
SHORT HAUL AIRCRAFT ADAPTATION TO THE USE OF turbine inlet temperature, total pressure ratio and bypass ratio
SHORT LANDING FIELDS (ADAPTATION MOTIURS. has been considered. in each case three different control concepts
CELLULE DEl AWIONS COURTS COURRIlRS UTIUSANT have been applied: (1) the power lever poeition calls for a constant
DES PIGTII COURTII fuel flow, (2) the power lever posltioln calls for a constant
Pierre Guyot In AGARID V/STOL Propulsion Systems Jan. HP-oompressor speed, and (3) the power lever position cells for
1974 11 p In FRENCH (For availability too N74.20401 11-26) a constant turbine Inlet temperature. The smallest decrease in

The results of an engine/airframe optimization study carried total thrust results when the HP-compressor speed is kept
out In order to investigate the effect thot field length has on constant, when tho total pressure ratio Is 20 or above and the
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07 AIRCRAFT PROPULSION AND POWER

bypase ratio iA between 2 and 10. The de--ign turbine inlet The prospect of undertaking V/STOL and cruise flight with
temperature only has a minor effect on this. But, on the other he earn powerpiant his considerablappel and can b achieved
hand, the increase of turbine inlet temperature due to bleeding by proper use of thrust augmenting electors. Proper use requires
air is very high. the biggert decrease' In total thrust occurs an ejector that simultaneously satitfios two conflicting require.
when the turbine inlet temperature Is kopt constant by the control manta: high performance and installation compactness. In addition
system end when the engine has a high bypass ratio and also to elementary design considerations, the following paragraphs
a high design turbine Inlet temperature. Author discuss the loss mechanisms to which augmentora are most

sensitive and describe how they may be manipulated to produce

N74,20416 National Aeronautics and Space Administration high levels of thrust augmentation In ejectors suitable for V/ STOL

Ames Research Canter. Moffett Field. Calif. aircraft. Conclusions are corroborated by the results of exparimen.

INTEGRATED PROPULSION/ENERGY TRANSFER CON. tWl investigations of the affects of geometric constraints on the

TROL SYSTEMS FOR LIFT.FAN V/2TOL AIRCRAFT flow structure and performance of thrust augmenting ejectore.

Wallace H. Deckert end L Stewart Rolle In AGARD V/STOL Author

Propulsion Systoms Jan. 1974 8 p rfe IFor availebility see
N74.20401 11.28) N74-20420 National Research Council of Canada, Ottawa

An integrated propulslon/control system for lift-fan transport (Ontariol. Gas Dynamics Lab.
aircraft is described. System behavior front full-scle experimental THRUST PIRFORMANCE OP POD DID LIFT-FAN$ IN
and piloted simulator Investigatlons are reported. The lift-fan CROSIILOW
transport Is a promising concept for short-to-medium haul civil A. A, Tyler and A.G . Williamson in AGARD V/STOL Propulsion
transportation and for other mIsslons. The lift-fan transport concept Systems Jan. 1974 14 p refs IFor availability see N74-20401
features high cruise airspeed, favnrable ride qualitivs, small 11 .28)
perceived noise footprints. high utilization, transportation system Experimental data relating to the thrust performanne In
flexibility, and adaptability to VTOL, V/STOL. or STOL configura. croasilow of single, Individually podded. lift-fons aet discussed.
tlions, The lift-fan transport has high direct operating costa In Varioua 15.Inch tip diameter fan arrangements were tested over
compArison to conventional aircraft, primarily because of a range cf croseflow velocity ratio typical of the transition flight
propulsion system and aircralt low-speed control system profiles of proposed lilft-fan aircraft. Each model wee operated
Installation requirements. An integrated lift-fan propulsion In isolation in a manner allowing fan thrust lefflux momentum)

system/aircraft low-speed control system that reduces total to be assessed directly from force-balanco measurements, The
propulsion system and control system instillation requirements relevant transition conditions, in association with practical
is discussed. Author dimensional realltrtinna on intake geometry for sparately cowled

fans (in, for instance, multiple in-line arrangement) suggest that
lip flow separation could be en important feature of the inflow
distortion arising from crosaflow. In such circumstances thrust

N74.20417 Pratt and Whitney Aircraft, East Hartford, Conn. deterioration with increasing croseflow velocity is appreciable.
V/ITOL ODFLECTOR DUCT PROFILE STUDY The measured data illustrate the influenoe on fen thrust asnaitivity

R. 1. Strough arid T, A, Wynosky I•n AGARD V/STOL Propulaion to eroedflow of various intatlletional features including fenst-

Systems Jan, 1974 13 p (For availability see N74.20401 operating point, cowl lip rduIu, Inlet alxlll depth, end icoalfaow

11-28) a ng a utho r

V/SrOL deflection of exhraust geese creates statlo pressure angle. Author

gradient@ within deafleitor system ductinig which propagate
upstream and produce a nonieynr'rtric back-prees•.re distribution
on the fan. Depending on the deflector design, the liit will N74-20421 National Gas Turbine Establishment, Pyretocki
experience a higher-than-average back-pressure at one point In Il~ngland).
the duct, and lower.than-average pressure nest the deflector. If SOME INGINE AND AIRCRAFT DISION CONIIDORA.
this back-pressurs distortion Is severe enough, engine stability TIONS AFFECTING NOISE
can be compromised, Experimental and analyticol studibs were D. A. Higton ano T. A. Cook (Roy. Aircraft Estab., Farnbotough,

conducted to study the beck-pressure diatortion problem, Fngl.l In AGARD V/STOL Propulsion Systems Jan. 1974
Small-scale cold flow inrudle of various deflector devices were 9 p ref Prepared in cooperation with Roy. Aircraft Eatab,,
tested to obtain a parametric mapping of the baok-presaura Fornborough, Erngl. (For availability see N74.20401 11-28)
disturbance as a function of bypaus ratio, duct Mach number, The general prospects for further reductions in engine noise
and deflector geometric parameters. Screens of varying solidity are reviewed. The factors which determine the best combination
were used to generate total pressure giedients around the duct of engine specific thrust [or by.paso ratio) and complesity of
similar to those generated by the fan, The parametric distortion acoustic treatment are assessed. The effect of design require.
patterns wre ithen duplicated on a specially designed full-scale mrntp, particularly that of field length. on aircraft noise and
fan test rig. and fan surga maligin degradation was related to economics is then discussed, together with the prospects for
the generated back-pressure profile. The final analysis resulted mnnipulating airframe design parameters in order to reduce inolse.
In the formulation of design ground rules which establish criteria Quantitative coneideretion ol noise shielding Is not included; this
for the disturbance prokimity and magnitude that current can be regarded as ain Important offrct meriting a separate study.
turbomachlnery can tolerate Author Some of the Interactions between engine and aircraft design es

they affect the economics and noiae of uonventunal etshort range
N74.20418 Societe Nationals d'Etude at de Construction de aircraft fur short to medium field lengths are analysed Author
Moteura d Avialtion, Villaroche WFrance).
LOW 11P11 TL'RSINE GEAR SOX ITURINE LINTI N74.204220 National Aeronautlios and Space Administration,
CONTRE IOITE O'INGRINAGESI Lewis Research Center. Cleveland, Ohio,
Victor B*neimhon In AGARD V/6TOL Propulsion Systetis INFLUINCE OF NOISE RIQUIRIMINTI ON STOLPROPUL.
Jan. 1974 17 p In FRENCH (For availability see N74-20401 SION SYSTEM DESIGNS
1121.) Raymond J. Rull /In AQARD V/UTOL Propulsion Systems

A propulsion system is proposed where a low spoed highly Jan, 1974 17 p refs VFor availability sae N74-20401 11-28)
loaded turbine driven by two gas genserators is coupled directly The severity of proposed noise goals for STOL systems his
to the rotor shaft, thus avoiding the heavy gear box. A daescription resulted in a new design approach for airereft propulsion systems
Is given of the machsnIcal and aerodynamic characteristics of it has become nreessary to consider the influence of the nol0'
this propulsion system and Its capability to meet the require. goal on the design of engine components, engine yaelrms, and
mants various operating cnnditions including high spend flight the integrated nacelle, separately and collectively, from the onset
with propulsion support by thie turb,,ise used as gas generators of the design reffolt. This integrated system design approach is
for the rotor turbine. The system described is compared with a required In order to effect an optimization of the propulsion and
conventional propulsion system with respect to fuel consump. aircraft system. Results Iron. extensive design studies and partinent
tion and maintenance cost, Author test programs ore presented which show the effect of noise

specifications on component and syatem design, and the tradegoffs
possible of noise versus configuration and performance. The

N74.20419 Ao;ospaoe Research Labs., Wright.Patlteron AFB, design optimization process of propulsion systems for powered
Ohio. Energy Conversion Lab, lift syatems is presented beginning with ther component level
COMPACT THRUST AUGMENTORI FOR V/STOL AIR. and proceeding through to the final integrated propulsion system
CRAPT Designs aem presentt which are capable of meeting future SlTOL

Brian Quinn In AGARD V/STOL Propulsion Systems Jan, noise regulations and the performance, installation and economic
1974 12 p refa IFor availability see N74-2D401 11-281 penailties are assessed as a function of noise level. Author
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N74-20423 Dowty Rotol Ltd., Gloucester (England). requireenints ad implementation of design.to.cult programs are
THE INFLUENCE OF NOISE REQUIREMENTS ON UTOL discussed a, basic cost considerations for the development
AIRCRAFT ENGINE DESIGN program e1i.ment of cost of ownership. Production reqiilrsments
D. G. M. Davis hn AGARD V/STOL Propulsion Systems Jan. and manufacturing methods required for noe materials and
1974 1t p refs iFor availability soe N74-20401 11-20) advanc'd aserodynamic components ore presesiod as the second

The noise regulations applicable to STOL aircraft are cost of ownership parameter to provide acquisition costs
discussed It is stated that the current aircraft fail to meet the eftectively balanced with performaics and coat. Finally. systam
noise regulations and that a reduction of 10 to 1B PNdB must performance. reliability. and maintainabilily are evaluated to ensure
be achieved. An even greater reduction of n5 to 30 PNdB is that the total cost of ownership is commonsurate with the job
required to make the aircraft euceptable to city center STOL to be done Author
landing areas. Aircraft performance paramatera end flight path
considerations which will contribute to a reductinn in noise levels
are described. A turbofan engine of reletively high hypass ratiG N74-20428 Messornchmitt.-oelkow.Elohm G.mb H Munich
fitted with a variable pitch fan is proposed as the basic power (West Germany) Unternahmensb-reich Flugzeugs.
plant. Author PROPULSION SYSTEM OF THE VJ 101 C VTOL AIRCRAFT:

PHILOSOPHY AND PRACTICAL EXPERIENCE
N74.20424 Hamilton Standard. Windsor Locks, Conn. Aircraft Warner Diehl In AGARD V/sTOL Propsulsion Sysinems Jan.
fi Systems Dept. 1974 14 p reft (For availability see N74-20401 I 1-281tFesN PROPUL.ION FOR SHORT HAUL TRANSPORTS The design and development of the VJ IOIC wvrtioal
-PANthu HRULS.ION PARD S THAUL rApinSyRtes takeoff aircraft are discussed. Emphasis is placed on optimizing

Arthur H. Jackson, Jr. In AGARD V/STOL Propulsion Systems tearrf ofgrto ihrsett h rplinsse
Jan. 1974 12 p, refs (For avalability see N74-20401 11-28) the aircraft configuration with respect to the propulsion System

* The design and development of quiet fans t0-FAN) for use The special requirements for the engines and intakes to provide
with short haul transport aircraft are described. The a-FAN blade a vertical takeoff and supersonic flight capability are analyzed
construction is analyzed to show the effectiveness in noise The problem Areas considered are as follows- (1) thrust modulation
reduction, The O-FAN unes variable pitch techniques alid is for attitude control, (2) afterburner thrust for vertiial takeoff, 0)
especiallly effective for thrust reversal operations, The advantages hot goe reingestion, (4) ground suction, (5) ground erosion, and
of variable thrust ec e (1) superior thrust ionse and tge (6) noise. Graphs of aircraft and engine perfirmanncs under variousof variable th irustar: iisprothstresponseandlwrfih odtosaeicue.Ato
engine noise on landing approach, (2) lower fuel consumption flight conditions are included. Author
at part power conditions, (3) slightly higher thrust and lower
fuel consumption at cruise, and (4) blodu feathering protection N74-20429 Do Havilland Aircraft Co., Ltd. Downsview (Ontario)
from destructive engine faiiure. Author Advanced Research.

THE DEVELOPMENT OF AN INTEGRATED PROPULSION"SYSTEM FOR JET STOL FIGHT RESEARCH
N74-20421 Nationai Reserch Council of Canada. Ottawa J. A. Conway /n AGARD V/STOL Propulsion Systems Jan.
(Ontario). Div. of Mechanical Engineering. 1974 15 p refs (For availability see N74-20401 11-281
AERODYNAMIC CHARACTERISTICI OF AN EXPERIMEN. The Augmentor-Wing powered lift concept provides the high
TAIL LIFTING FAN UNDER CRO68FLOW CONDITIONS lift required for STOL terminal operations by means of a close

interrelationship between the propulsive and aerodynamic
U. W. Schaub an AGARD V/STOL Propulsion Systems Jan. functions of the system. Therefore, the propulsion system is
1974 16 p rats (For evallabilit-I see N74-20401 11-28) subject to more extensive deslgn requirements than a conventional

The fundamental nature of crossflow distortion and the effect engine Installation. Subsequent to extansive large scale model
on lifting fan peiformance are discussed. The experimental testing of the concept, general agreement was reachad that flight
procedure, for determining cross flow effects Is described. Diagrams research was feasible and desirable, but in view of the long
Ire provided to show: (1) general flow curvature affect, (2) flow development times and high costs Involved, particularly in rispect
curvature effects In en annular Inlet, and (3) croasflow/inlet flow to engines, means wuuld hasve to be found to utillas both existing
streamline pattern. The causes and appearance of outlet plais enginos end airframe. A de Havilliand Buffalo alrframe became
distortion are analyzed. Graphs of the total pressure ratio-mass the basis of the AugmentorWing flight researih aircraft The
low running lines of the complete fan and sub-fan elements selection, modification end testing of the Molls.Royce Spay
lowrunningline o c e n An801 SF which became the basic power plant for the researchaircraft are diacussed. A description of the associated aupinuritor

4-2 Nth Council ofCanada. Ottawa ducting Is also given, together with an outline of the prnliilsion
ONt4ri-24 Neotonal Researcn ioni of Caneea. aspects of the first phases of testing. Author
O~ntairio). Div. of Mechanical Engineering.

NOISE CHARACTERISTICE OF AN EXPERIMENTAL
LIFTING FAN UNDER CROSSFLOW CONDITIONS N74.20430 Dornier-Werka G.m.b.H . Friedrichshafar, (West
G. Krishnappa it AGARD V/STOL Propulsion Systems Jan Germany).
1974 14 p refs IFor availability see N74-2040t 11-28) PROBLEMS OFV/STOLAIRCRAFT CONNECTED WITH THE

The results of acoustic tests conducted on a 12-in. diameter PROPULSION SYSTEM AS EXPERIENCED ON THE Do 31
model lifting fan, to find the effect of crossflow on its noise EXPERIMENTAL TRANSPORT AIRCRAFT
radiation characteristics are presented. The broadband noise levels M. Lotz and P Baneis In AGARD V/STOL Propulsion Systems
Increased with the velocity of the crosaflow. The fundamental Jon. 1974 12 p refs (For availability see N74-20401 11-29)
blade passing frequency and its second harmonic tones showed For V/ STOL aircraft, the additional functions of the propulsion
moderate changes in the field shapes and levels for low crossflnws. system caus, some problems which do not ocur on CTOL aircraft
At high croasflow velocities due to the presence of a piartlal As a co'nsequence, the design and operation of V/STOL aircraft
stalled region the tone levels increased drastically The tones is more strongly influenced by propulsion-related problems. These
generated by the rotor blades due to inflow distortion@ were problems are discussed based on the experience with the Do 31
believed to dominate over the rotor and stator interaction levels. let lift transport. Hot gas reingestion largely determined the take-off
At fan spsiods close to the design point, there were only slight technique adopted for the Do 31 Ground erosion of artificial
changes In the tone levels and field shapes at the bilad and natural surfaces is discussed. The most important effects of
passing frequenoy as the blade incidence excurslons became jet interference in hover and transition are descilbed. The lift
less severe and rotor and stator Interaction was much stronger, engine air intskes have to provide very low thrust losseo in
However. at the higher crosaflow velocities the second harmonic hover, low distortion In transition and in-flight starting capability
tones showed substantial reductions In tone levels with different Some aspects of hover flight control by differential thtrust
field shapes. Author modulation, differential thrust vectoring and reaction control by

bleod air are discussed. Finally, the Influence of near field nolse,
N74-20427 Detroit Diesel All!son. Indianapolis. Ind on the airframe structure and the possibilities of influencinU
CO1' OF OWNERSHIP FOR PROPULSION SYSTEM OF community noise by exploiting the hrighr operational flexibility if
POWERED LIFT AIRCRAFT V/STOL aircraft are described. Authir
W. L. McIntire hI AGARD V/STOL Propulsion Systems Jan.
1974 20 p refs (For availability see N74-20401 11.28) N74-20431 Rolls-Royce, Ltd.. Bristol (England). Engine Div.

A discussion of the relationship of advanced propulsion PEGASUS ENGINE OPERATING EXPERIENCE IN THE
technology for powered lift V/STOL aircraft and the elements HARRIER AIRCRAFT
of cost of ownership - developmont, acquisition, end operation R. J. Cant Ih AGARD V/STOL Propulsion Systems Jan
and maintenance is presented. Competitive demonstrator 1974 18 p (For availability see N74-20401 11-281
programs, component technology versus aircraft, end mission The performance of the Pegasus engine Installed in fho
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Harrier aircraft Is discussed. The special demands made an an N75.12956 Societe Nationals d'Etude at do Construction dr
origin@ for single engine V/STOL close combat application are Moteurs d'Aviatlion. Villarochat (France).
explained. Operational experiences on the angina are analyzed SOURCES OF DISTORTION AND COMPATIBILITY
to show the effects of: (1) the vectoring nozzle system, (2) bird R Bouillei and J. M. Brasseur hi AGARD Olstortlion Induced
strikes. (3) foreign object damage. (41 aircraft stabilizing. and Eng. Instability Oct 1974 11 p refa (For availability see
15) hot gea roingestion. Author N75.12954 04-07)

An analysis of the sources of flow distortion and operating

N74-20432 Versinigt* Fluuttchnlichis Works-Fokker G.m.b.H.. compatibility for jet aircraft engines was conducted The aspects
Bremen IWest Germes F ch. of flow distortion considered are: (1) various operating cases of
THE DEVELOPMEN"t AND FLIGHT TESTING OF THE air intakes. (2) air intake design and engine compatibility. (3)

PROPULSION SYSTEM OF THE VAK 191 8 V/STOL STRIKE test facilities required to compensate the lack of thaormtical data

AND RECONNAISSANCE AIRCRAFT rnd to confirm predictions, and (4) typical examples of air intake
Klaus Wieland In AGARD V/STOL Propulsion Systems Jan. modifications airning at significant improvement of the internal1974 12 p (For availability ass S P74-21s401 11-2S) flow The conditions of operation considered are normal operation

The VAK 191 B has a mixed propulsion sy1tem comprising in which the velocity field around the aircraft In an assumed

a main lift/cruise engine In the fuselage center and two lift Infinite atmosphere is the only factor considered. and operation

engines installed in the front and the rear section of the fuselage, under conditions of disturbances from ground effect. Author

Bleed air is taken from each engine for aircraft attitude control,
Design and development of the propulsion system including the N75-12957 Rolls-Royce, Ltd, Bristol lEngland) Installation
"control bleed system will be discussed. The type of control for Aerodynamics Dept.
the propulsion and bleed air system plays an Important role AERODYNAMIC RE iPONsIE

towards achieving maximum performance. Extensive model testing E.g. nebioit Oct. 17 41 I refR (For ty sea
has been done to Investigate main end lift engine intake Eng. Instability Oct, 1974 41 p refs (For availability sea

performance, lift engine relight capability and hot got reingestion N75-12954 C4071
characteristics of the aircraft. The results have been proven Itt The aerodynamic response at turbonichinery to steady and

t ednd flight teating. Full scale testing of the bieed air time-variant total pressure and temperature distortion is discussed
grot.' anand aic Examples of changes In gomptessor chareuturiutslic are presented.
system has been carried out to derive steady state and dypagmit
characteristics. During ground and flight testing with three Experimental o orrelations ol surge margin los, the conrept vt aSIprototypes performance, handling and freliability of the propulsion critical or effective spoiled sector eangle and compressor sensitivity

prottype peforanc, frndlng nd rtleilit ofthepropisinate then discussed in relation to simple theoretical ideas torsystem under VTOL and transition contditions were Investigated. ethnalusdinrltotoipethrtlliesfo
Some special results and t omncardion with predictions ate circumferential distortion Thu development of the distortion index
proesented i Author approach to account for the effect of radial and mixed radial

circumferential total pressure distortion and the Impact of
turbulence or unsteady flow Is outlined. Comments on foreign

N74.20433 Advisory Group for Aerospace Research and gas ingestion are made. Some current auditing procedures .Ire
Development, Paris (France). described. Limitations of isolated spool rig tests are discussed,
TECHNICAL EVALUATION REPORT ON 42ND PROPULSION snd surge hammarahock rials are pretented. Author
AND ENERGETICS PANEL MEETING ON V/STOL PROPUL.
$ION SYSTEMS N75.129S8 Stevens Inst. ol Tech., Hoboken, N.J. Dept. ot
H Grieb and N. A Mitchell in its V/STOL Propulsion Systems Mechanical Engineering.
Jan 1974 7 p rate (For availability see N74.20401 11.281 AEROMECHANICAL RESPONSE

A technical evaluation of the conlerence an V/STOL F. Slato Ir AGARD Distortion Induced Eng. instability Oct
propulsion systems Is presented. Comments are prepared 1974 13 p rafs (For availability see N75.12954 04-07)
concerning the papers that were submitted and the round table Physical mechanisms are discussed which lead to the

discussions are aummarized. Recommendations aire submitted aeromechanical response of axial-flow fan and compressor
coincerning the future course of actions to be taken for design components when these machines operate with a distorted inlet
and development of V/S'IOL aircraft and engines. The duessions flbw. Steady response of bladest vanes amnd disn s are tonseed.rT
which dare used l s a guide line and tha main points of discussion briefly. ForSed exiaton at bef vaing components are treated. The
are briefly answered P. N. F. specific form of the exciting gusto a=re elucidated, Self-excited

vibrations of rotor blades and stator vanes ste considered as
stemming from the general degradation of flow with distortion

N7a-12ely# Advisory Group for Aerospace Research and Shaft asd disc vibrations are also discussed as possible acatite

Deelpment PAdisory Group farAchanical responses to distorted flow. The role of various forms
Development, Paris (Frairce).Shfarddsvirtosaeas iousdapsibeeom
I)ISTORTION INDUCED ENGINE INSTABILITY of damping arid the use of composite materials are described

Oct. 1974 182 p refs Lecture series held at London, 7.8 Nov with attendant problems in applicatloir through design. Remedial

1974. at Wtight-Patterson AFB. Ohio. 11-12 Nov. 1974. and action available to the aeromachanical engineer is discussed with
Phil.a'dlphia. 14-1t Nov. 1974 the objective of ameliorating the adverse effects of distorted-
(AGARD-LS-72) Avail• NTIS HC57.00 Induced structural response Author

The design criteria for Jet aircraft engines and tur- N75.12959 Motoran. und Turbinerr-Unior Muerruhen G.in b H.
bomachinery to obtain minimum airflow distortion and engine (West Germany)
instability Is discussed. The sources of distortion are identified. PREDICTION TECHNIQUES
The aerodynamic and mechanical response of selected engines 1H Mokelke Ini AGARD Distortion Iiduced Eng Instability Oct.
under distorted flow conditions ate analyzed. Techniques for 1974 32 It raefs (For availability see N75-12954 04-07)
predicting and measuring the tabillity of an engine era described. Air outline Is presented on mathematical modelling for
Methods for Increasing the tolerance of the engine to distorted prediction of the aerodynamic response of aircraft engine
flow in order to obtirm more stable operation are explained. For compressors to steadyastate and time-dependent pressure and
individual titles, see N75-12955 through N7B-129e1. temperature distortion. A detailed review is made of various

models, In particular their assumptions. their limitations for
practical applications and thai, scope for further development

NTB-129b6 Naval Postgraduate School. Monterey, Calif. are discussed Results predicted with the models (as far as possible
INTRODUCTION TO DISTORTION tNDUCEO ENGINE compared with experimental evidence) are selected from published

INSTABILITY works. Author

Atlen E. Fuhs /n AGARD Distortion Induced Eng. instatillity N78.12960' National Aeronautics and Space Administration
Oct 1974 19 p refs (For availability ass N76.12964 04-07) Flight Resarch Center. Edwards. Calif.

Propulsion system instability, which may be caused by TET TECHNIQUEne INE TRUMENTATION, AND DATA
distorted irnlat flow, is a recurring problem which must ire solved PROCESSING
in ouch new aircraft development program. Trends in engine William G. Sahwalkhard /n AGARD Distortion Induced Eng
and airframe design that keep distortion sensitivity as a continuing Irritability Oct 1974 43 p refs (For availability see N75.12954
problem are discussed. Sources of inlet flow distortion are 04-07)
catalogued. This information is used to assess the potential CSCL 21E
difficulties in developmnirt of u variety of wircrah types. Math- Procedures for determining the eftects of dyrranric distortion
odei for describing distortion both experimentally and conceptually on arigina stability are analyzed The test techniques. mesthods and
are introduced. Sufficient background is stated to provide a typos of instrumentatioi. anid data processing functions ars
perspective of the lectura seriaii. Author desnniiiud Tie aiivarutains oud iinrlt*iins of varius iurethod1

89



07 AIRCRAFT PROPULSION AND POWER

are reported It is emphasized that ground ftacility tests are only in FRENCH iFor availability see N75-23575 15-07)
a simulation of the flight environment, that instrumentation Flight simulation tests and their use to dovelop controls for
provides only a partial representation of the physical phenomena, turbine engines under various flight conditions are discussed.
and that poorly organized data processing proceduies can Impede Tests emamined the effects of pressure, sittic pressure build up,
and even distort the finol result Author and temperature at various Mach numbers. Engine response and

control during the transition phase were also studied,
Transi. by E.H.W.

N75.12961 Pratt and Whitney Aircraft. Fast Hartford Cunn
METHODS TO INCREASE ENGINE STABILITY AND N75.23878 Boeing Cohmmercial Airplane Co., Renton, Wash.
TOLERANCE TO DISTORTION Propulsion Technology Controls Group.
A. A. Mikolaczk and A M Pfeffer /In AGARD Distortion AN AIRFRAME MANUFACTURER'S REQUIREMENTS FOR
Induced Eng Instability Oct 1974 17 Ii refs (For availabhliry FUTURE PROPULSION CONTROLS
see N75.12954 04.07) Peter W. Kamber In AGARD Power Plant Controls for Aero-Gas

Techniques lised duiing unlirrne dinsign which onsuir rtiable Turbine Eng. Mar. 1975 17 p refs (For availability see
engine opuratiori over the complete flight envelope of the aircraft N75.23575 15.071
in which it Is installed are discussed. AdeIquLe stability margin Selective allocation of service bleed Is presented a a means
is required to allow for the expected levels of Inlet distortion, of extending engine life for a mix of nominal end deterIorating
engine to tngine vartions, engine aging and excursions of engines while preserving a desired thrust distribution. Rating
comprearior operating lies during transients. Slirce the stability command control Is examined as a means to permit simple and
margin can be increased by raising the surge line of a compiessol, definitive power selling, whars each power rating is uniquely
increasing Its tolerance to inlet distortion and modifying t1re design nsociated with a pushbutton or throttle position. Hydromechanical

to reduce the sensitivity to transients, kill these topics are treated and sleiteonic control h ystomo are romparod ind it is reported

in some depth. Emphasis is placed on the design for adequate that electronics will be used tor most advanced control modes.
stability ntrgin and minimum penalty In engine fuel consumption, Electronic engine controls are also presented as the foundation
cost and weight Author for improved coordination with flight controls, end for on-line

engine condition monitors. Author
N75-22329# Advisory Group for Aerospace Research and

Development. Paris fFrance) N75-23179 Rolls.Royce, Ltd.. Darby (England).
SECONDARY POWER SYSTEMS FOR ADVANCED ROTOR. CONTROL BYSTEM REQUIREMENTS DICTATED BY
CRAFT OPTIMIZATION OF ENGINE OPERATION
Raymond G. Smith (Boeing Vertoil Co, Phila. Pal Feb. 1976 Christopher Unley Johnson In AGARD Power Plant Controls
94 p refs for Aero-Ges Turbine Eng. Mar. 1975 5 p (For availability see

iAGARD.AG.-:1"6; AGARDograph.206) Avail: NTIS HC $4.75 N75.23576 15-07)
The reasuti are presented of a review of European manu. A pneumatic mechanical flat rating system is Included ie

factured Secondary Power Systems (SPS) for rotorcreft. A the Rh 211 control system and the reason for the choice ofcompilation of SPS functions. parametric SPS component dataprlteenwhhthsorts dueaOtisytecV!ltir P parameters on which this operates Is discussed. On this system
for optimitation trade studies, end a trade study to select on the pilot sate up the engine rating and the control then maintains
optimum SPS are presented. The study addresses the aspects It through variations of temperature and altitude. Author
of integrated SPS (elactrical, hydraulic, pneumatic and mechenicall
concepts for cockpit and avionics environmental control systems,a
Ice protection system, holst drive system. main engine starting. 176.2380 Hamilton Standard Div., United Aircraf Corp..

auxiliary power unit and its starting systom Integration. System Windsor Locks. Conm. Electronic Systems Dept.
optimlitloin and recommended selection are based on trade ENGINE CONTROL FOR HARPOON MIISIUE YSTIEM
stu~dy parameters of weight. cost ad product assurance. Author D. A. Prue In AGARD Power Plant Controls for Aero.Gas

Turbine Eng. Mar. 1975 14 p (For availability see N75.23675

16-07)

N75.2357B6 Advisory Group for Aerospace Research and The fuel control system for the Teledyne CAE J402.CA-400
Development. Paris (France). engine is described. The control is configured as a low cost,

POWER PLANT CONTROLS FOR AERO.GAS TURBINE engine mounted, closed loop electronic system. It measures

ENGINES exhqust gee temperature and compreasor inlet temperature as
Mar. 1975 374 p refs In ENGLISH; partly in FRENCH Presented sensed parameters for acceleration. A unique and straightforward
at the 44th Meeting of the AGARD Propulsion end Energetics approach to hydraulic system implementation utillies a direct

Ptinel, Ustloset, Norway. 9-13 Sep. 1974 engine driven centrifugal pump and a proportional solenoid fuel

(AGARID.CP.151) Avail: NTIS HIr $10.00 metering system. The pump and fuel metering components
Control requirements. control simrulation techniques, and constitute on assenibly Installed in the engine tall cone. The

control system hardware for improved reliability of aircraft gas control approach and the reasons for selection of the mode of

turbine engines are elaborated. For Individual titles, see N75. control and hardware implementation are described. The engine
23576 through N75-23801 ;a used as the austsiner prnpulsion system for the U. S. Navy

harpoon missile system. Author

N75.235t76 National Research Council of Canada. Ottawa N75-235S1 Ministry of Defence. London lEngland).
(Ontario) RELIABILITY SPECIFICATION FOR GAS TURBINE CON.
AEROTHERMODYNAMIC FACTORS GOVERNING THE TROL. YSTEM8
RESPONSE RATE OF GAS TURBINES C. G. White In AGARD Power Plant Controls for Aero.Gas
B. D. Maclsaac and H. 1. H. Saravanamuttoo (Carleton Univ.) Turbine Eng. Mar. 1975 9 p refs (Foravailabilitylese N75.23575

In AGARCI Power Plant Controls for Aero-Gas Turbine Eng. 15-07)
Mar. 1975 11 p refs (For availability see N75-23576 15-07) Reliability is a procurement requirement like any other

The constraints on gas turbine response rates resulting from parameter such as coat, response or program time scale. The
aerothermodynamic considerations are reviewed and the use of problems peculiar to angine control systems are esomIned and
variable geometry to improve the response rate is discussed, some suggestiorns made. The problems of specifying reliability

Mathematical models, which have to be verified experimentally. parameters are reviewed and methods of reliability aesurance
permit a detailed investigation of engine translent response. The and measurement are described Author

transient behavior of a single spool unit is quite different from
that of a twin spool unit and techniques of improving the response N75-23582 Air Force Aero Propulsion Lab. Weight.Patterson
rate of both are discussed; significant gains can be realized and AFB. Ohio.
the use of simulation techniques permits those to be evaluated THE ROLE OF COMPUTERS IN FUTURE PROPULSION
before carrying out actual engine tests. Author CONTROLS

Charles E. Beants In AGARD Power Plant Controls for Aero-Gas

N75.23577 Centre d'Essais do Propuisurs. Saclay (Franol. Turbine Eng. Mar. 1975 9 p refs (For availability see N75-23676
CONTRIBUTION OF FLIGHT SIMULATION TESTS TO THE 15-071
STUDY OF TURSOMACHINE CONTROL [CONTRIBUTION The role of computers in future propulsion controls Is reviewed

DES ESGAIS EN VOL SIMULE A L'ETUDE DE LA REOULA- from two different viewpoints , the integrated avionics approach
TION DES TURSOMACHINESI ead the dedicated propulsion system approach. The discussion
Vincent Nardone and Jean Claude Ripoll In AGARD Power presented euggests that a dedicated computer for the propullion
Plant Controls for Aero-Gas Turbine Eng. Mar. 1975 9 p refs system control will provide a more optimum solution in the
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future In terms of cost. complexity, and raliabilily. An Integrated thrust modulation with minimum disturbanca to engine operating
evionlc systems approach that also Includes the propulsion conditions. Logic and sequencing functions associated with
system control poses many now problems in the areas of system selaction of afterburner operation are examined. Afterburner
management and hardware development that may overshadow system organization Is discussed briefly and the merits and short
any of the Immediate benefits of using a central processor. comings of alternative Concepts are argued. Author

AuthorAutfonNT-23"1 Societe National. d'Etude at do Construction de

NIS-23583 Pratt and Whitney Aircraft. East Hartford, Conn. Moteura d'Avlation. Villaroche (France)
CONTROL DESlGN CONSIDERATIONS FOR VARIABLE EVOLUTION OF TURSOREACTOR CONTROL SYSTEMS

EONETRO DENINE S ([EVOLUTION DES llYllTEME11 DE REGULATION DEBi. ~ ~~~GEOMETRY ENGINESlTROECE~l

W K. rervo and J. M Tringali In AGARD Power Plant Controls TURSOREACTEURS)
for Aere-Got Turbine En0 Mar. 1975 8 p raft (For availability Andre Berbot In AGARD Power Plant Controls for Aero-Gas
fer Turbine75 15n0) MTurbine Eng. Mar. 1975 8 p Inr FRENCH (For availability see
see N7523575 15.7)-07

Variable cycle engine control requirements are described Technique u d c sfi
Control variables and potential sensed parameters are discussed. Techniques used to develop control systems for turboractoraSThe complexity of the job Is shown to require optimal control and the problems, advantages, and disadvantages of each methodlogic. An application of optimal control techniques Is presented are discussed. Special attention was given to electronic and
lIncluding simulation results. Author numerical techniques. The performance of the turbofeeotor using

each technique was examined. Transl. by E.H.W

N75-23584 Motoren. und Turbinen-Union Muenchen G.m b.H.
(West Germarny). N75.23589 Measserchmltt-Boalkow-Blohm G.m b.H., Munich
PRAC: A NEW AERO GAS TURBINE ENGINE CONTROL (West Germany).
CONCEPT AN AIR INTAKE CONTROL SYSTEM FOR A SUPERSONIC
K. Bauerfoind In AGARD Power Plant Controls for Aero.Gas FIGHTER AIRCRAFT
Turbine Eng. Mur, 1975 14 p (For availability see N75-23575 J. Peikert InAGARD Power Plant Controls for Aere.Goe Turbine
15.07) Eng. Mar. 1975 5 p (For availability see N75-23575 15.07)

The Pressure Ratio Acceleration Control (PRAC) offers a new A description of an sir Intake system of the two dimensional
approach to the control of modern oara gas turbine engines. external compression type aird Its associated air intake control
With the exception of the usae of high accuracy pressure system is given. The AICS comprises a wedge control only
transducers mounted in a temperature controlled box directly on Intake operating maps, derived from small scale wind tunnel
the engine all other system components are of today's standard test results, are shown and the resulting selection of control
of technology. A simple bread board model of PRAC had been signals and the control concept is presented. The performanoe
built and successfully tested in conjunction with an Orpheus jet of the intake and the AICS Is subbtsntlated by full soale wirtd
engine in a high altitude test facility A more sophisticated PRAC tunnel tesat results. Finally the hardware implementation of the
control system for a modern supersonic bypass engine is being AICS from a system standpoint Is also given. Author
teasted at present in conjunction with an engine simulator and
the actual fuel system hardware on a control system rig at NT7523690 Laborstolre d'Autometique at d'Anslye deu
MTU. The paper outlines the control philosophy of PRAC end Sysretnes. Toulouse (Fran6t).
presents test results achieved so far. Author NUMERICAL CONTROL OF A TURIOMACHINE (REGULA.

TION NUMERIQUR D'UNE TURBOMACHINEI
N7.-23685 Rolls.Royoe. Ltd., Watlord (England). Small Engine Michel Brunet, Jean Claude Laprle, and Christian Beth (Innovations
Div. at Developpements an Aerothermodyneirique, Toulouse. Fr I In
HELICOPTER ENGINE CONTROLý THE PAST 20 YEARS AGARD Power Plant Controls for Ara-Gas Turbine Eng. Mar.
AND THI NRXT 1975 15 p rats In FRENCH (For avaliabilily see N75.23575
Edward A. Simons and Malcolm P. Perks In AGARD Power 15.07)
Plant Controls for Aero-Gas Turbine Eng. Mar. 1975 16 p Definition, concepts, realiation, and teats of a numerioal
(For availability see N75.23575 15.07) control system foi a turbomachlne with free turbines and low

The first 20 years of gas turbine application to helicopters power era given The real time numerical control concept has
end the progressive evolution of their associated fully automatic two functions: one to obtain a performance gain in the
engine control systems aer surveyed. It Is only recently that the turbomtnchine and two. to Increase functional reliability An
dominant performance end safety requirements of the control examination was else made of problems posed by such a system
have emerged with sufficient clarity to allow them to be viewed In particular, problems of defining the command control and
by an overall systems engineering approach Instead of as determining necessary variables for a working system, modernize.
piecemeal needs. A system is outlined which offers substantial lion end identification of turbomachines. and testing the control
reductions in size and weight over current systems without any system on a turbomachine utnder flight conditions to measure
sarifice in performance or safety and with marked Improvement and verity principle results ware exemined Tranll. by EH.W
in integrity. The utilization of digital control techniques leads to
rimple handling from the cockpit with self monitoring facilities N75-23501 Soitle Nationals d'Etuds at de Convtruction de
and unambiguous reversionary control modes. Such a system is Molturs d'Avietion, Molun (France)
sean as setting a pattern for control of helicopter engines of SIMULATION TECHNIQUES FOR TUREOMACHINES
the future Author ITECHNIOUES D0 SIMULATION D05 TURNOMACHINESI

Andre Barbot In AGARD Power Plant Controls for Aero.Gas
N71.235111 National Oii. Turbine Establishment, Farnobrough turbine Eng. Mar. 1975 8 p In FRENCH (For Availability see
(England). N75-23575 15.07)
A DIGITAL CONTROLL11t APPL6kD TO THE LIMITATION General problems posed by the simulation of i turbomachint
OF REHEAT COMBUAIION ROUGHNEISI are introduced. Dats cover. (1) simple and complex mathematical
J H Waters In AGAHD Power Plant Controls for Aero-Gss models. (2) rapid analysis of current simulation techniques, and
Turbine Eng. Mar. 1975 8 p ref (For availability sie N75-23575 13) assessment of typical turbomachine control problems and
15-07) the proposal of different solutions to the problems. Special

Reheat combustion roughnesis or buzz could cause damaging attention was given to the problem of adapting the control function
fluctuations in let pipe pressure in high performance reheat to flight conditions, E H.W.
combustion syntems. A control scheme Is described which controls
reheat fuel flow so as to limit the level of Jet pipe plarsure N75-23592 National Research r.unnil of Canada. Ottawa
fluctuations to safe values Factors which affect the design and (Ontario). Engine Lab
implementation of the controller ere discussed and an indication EQUILIBRIUM PERFORMANCE ANALYSIS OF GAS
given of its performance Author TURBINE ENGINES USING INFLUENCE COEFFICIENT

TECHNIQUES
N117-2367 Dowty Fuel Systems, Ltd, Chaltenham nEngland). E P Cockshutt Ir AGARD Power Plant Controls for Aere-Gas
AFFERBURNING REOULATION CONCEPTS Turbine Eng. Mar. 1978 10 p rafs (For availability ea
K Robinson /n AGARD Power Plant Controls for Aaro-Gas N75.23575 I5.07)
Turbine Eng. Mar 1975 17 p (For evailahitity see N75,23575 Starting from a specified engine design point, a computer
15.071 oriented technique is described for establishing the equilibrium

Various concepts of afterburner flow regulation are examined off.design performance The technique Involves the control system
with particular reference to bypass type engines requiring rapid approach of linearizing the governing equations at the design
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point, in order to establish a matrix of engine response influence N75-23597 International Harvester Co., San Diego, Calif solar
coofficiarito These coefficients are then used to achieve rapid Div.
convergence as ^.he cycle iterates to an off-design operating paint TMEAUEMAUEETFRAVNE A
For clarity of presentation, the technique is developed for the TURBINE CONTROLS
simple turbojet cycle, but the extrapolation to turbofan cycles Is David A. Rolhy. 7 E. D~uffy. and W A. Compton In AGARD
indicated. By way of Illustrative example of the equilibrium analysis Power Plant Controls far Aero-Ges Turbine ing. Mar 1 975
technique, attention lit given to tire temporary extraction of large 27 p refs IFor avalablity see N75-23575 15-07)
amount, of air bloed from a turbofan, for applications such as Modern gas turbine engines with turbine Inlet temperatures
tilup blow~ng and reaction controls Engine response to this higher than metal melting temperatures must have con ptrol sykremi
perturbation is assessed, and control impiications suggested which provide subsecond response to changes lit gas or metal

Author temnperatures. High quality data are required to provide for the

mrost efficient angina operation consistent A:ith engine safety
N75-23693* National Aeronaujtics and Spae Administration. Rcnl eene ntuet rrauaidvda ld

GENERALIZED DYNAMIC ENGINE SIMULATION TECH. not yet fully developed, will provide accurate gas temperature
NIQUES FOR THE DIGITAL COMPUTERS data up to 1927 C. These Instruments are described with present
Jamnes Sollers and Fred Toren rit AGARO Power Plant Controls and potential uses In control systems. Author
for Aerop-Gas Turbine Eng. Mar. 1975 23 p refs (Fat availability
seeo N75-23576 15-07)

R-ecently advanced simulation techniques have been developed N7S-23599 Pits Univ. (Italy).
for the digital computer end used as the basis for development FLUIDIC SENSORS FOR TURBOJET ENGINES
of a grsnorallged dynamic engine simulation computer program. D. Dint and M Garntochi In AGARD Power Plant Controls for
called DYNGEN. This computer program can analyse the steady Auro-Gas Turbine Eng. Mar. 1975 28 p refs (Foir availabilityIlstae end dynamic performance of many kinds of aircraft gas see N75-23575 15-071
turbine engines. Without changes to the basic program, DYNGEN Fluidics may replace electronics in modern advanrced turbojet
can analyze one. or Iwo-spool turbofan engines. The user must engine intstrumrentation technology for comprohenelve angina
supply appropriate component performance maps end design point condition monritoring in highly unfavourable environments This
information. Examples are* presented to illustrate the capabilities paper discusses some fluidic eenvors originally tested in our
of DYNGEN In the steady statsenad dynamic modes of operation. laboratory: (ll new types of rotational speed sensors utiliaing
The analytical techniques used in DYNGEN are briefly discussed, air flowa output being a pressure signal proportional to the value
anrd Its accuracy is compared with a comparable simiulation usiny to lie measured, suitable for analog and digital circuits: and (2)
the hybrid compulte. The Impact of DYNGE N and similar digital gos stream temperature sensors, using a thermometric bulb, or
program; on future enigines simulation philosophy is also disabielicsrnoacplaytuoraublnte.
cussed. Author Carrompondint2 experimental resclts are aummaiiteri and carn

pletely fluidic circuits for a smell ges turbine and for flie detection
rpN75.23694 National Gas Turbine Establishment. Pornborough fit a turbiojet artonom are described Author

TOTAL POWERPLANT SIMULATION N76-23599 Pierburg Lcftlahrtgeraete UnionGrt 0 b H. Nauss
Ri V. Cottingion In AGARO Power Plant Coritrols for Adro-Gai (West Getriranyl
Turbine Eng. Mar. 1975 24 p refs (For availability see A NEW LIGHTWEIGHT FUEL CONTROL SYSTEM FOR
N75-23575 15-071 ELECTRICAL INPUT$

The capability of predicting the steady state performance of Heinz Hoiteinlir AGARD Power Plan- Controls for Aero-Gas
a gas turbine engine Is extended to Include the prediction of its turhirne Eng Mar 1975 30 p refs (For availability yea
transient behavior as well. The development and implementation N711.235i71 15-071
of a total powerplent simulation, consisting of intake and engine, Most mrodern conrtrol concepis for complex aeto gsa turbine
that is capuble of predicting both steady sitate and transient eigirras arniploy nmaie slid more electronic hardware for tho
performance are described. The simulation Is based on the fitilction ghtnerating prart it was therefore inacessary to define
synthesis of the thermodynamic relationshipa describing each tire reiiuireentris for a simple lightweight fuel metering System.

j ~powerplarnt component, During the development stag*. digital basically tornsistinig of a pumping device, manifloldis. filterrs arid
simulation techniques are uited, although the simulation Is finally allt olectricaily controlled iteterming value controlled by the electronic;
Implemented on a hybrid computer In order to achieve real tIm box Sucht a systemn Iris breen specified and is bieinrg bruit arid

Voperation. Actual steady state and transient test bed reintltalteare developed at lireseir This fuel slyslerrr will be lised lin coinjunct, in
then used, when available, to validate the simulation Author with the PRAC electronic control The paper desoribes this srystent

arid highlights critical design anil developmnrrt arens, Author
N75-.231195 Lucas Aerospace Ltd.. Birmingham (Enrgland)
USE OF SIMULATION IN THE DESIGN, DEVELOPMENT N75-23600 Dowty Fuel Systemns. Ltd. Cheltarnham (England).
AND TESTING OF POWER PLANT CONTROL SYSTEMS lUMPING SYSTEM DESIGN FRELATELI TO FUEL SYSTEM
Stephan Nye and Robert J. Vickers In AGARD Power Plant SPECIFICATIONS
Controls for Aero-Gas Turbine Eng. Mar. 11975 13 it iFor A T Miles litt AQARIJ Power Plant Conrtrols for AerioGas
availability see N75-23576 15-07) liirbiia Prig Mar 19761 32 p iFor availability see N7FI.23575

The design. developmnent slnd testing of an angiite control I B 07)
system are discussed Two specific areas aer highiulfited: III Devigir of tiie purirr lin its cointext. tlire fusl systori. is
Digital simulation using large scala computers where botht engine disacussed Spittimrnrtafitalimants are related to punmp limitations.
arid control systemt are represented by mathematical models lor So warited tire tire requirements that the pimiilii have to be
evaluatiori, feasibility and tolaraincii analysis: and 121 hybrid spiecifically designed for the systarni Disriushinur first centers on
computers, where a real time digital engine simulation is used aptintinuig low pressure systemse to iririnitnat hear rajection to
in conjunction with a speed controlled rig for real times developnment lthe fuel The corrcepts of net Irostilve -.urnion head and vapor
of the control hardware Author licluid ratio aer contratricd itt the coiten 11 cavrtationr Deacriprliorr

o~f two phase flow regimre* learls m parricohir focus onl the
N76-23598 Lucas Aerospace Ltd.. Birmingham (England) s~inuit diriveri bacrkinig puimp beign philosophy to cope with
THE USE OF DIGITAL CONTROL FOR COMPLEX POWER contnamrinatedt fuel is followed by iat anazlyais of turir down Itseat
PLANT MANAGEMENT to fuel problenms si they affect the htigh rirescura dry engine
0. M. Griffiths and R. 0. Powell In AGARD Power Plant puimp and Ilte aflwunirirre purrup Thle large nnftilrburrier turn down
Controls for Aero-Gee Turbine Eng. Mar. 1975 25 p refit flow ratio justifies tirea vapoir coic pumrp design arid its principle

U For availability see N75-23575 15l071 of opetatiart ins outlined Author
The application of fligitai control techniques to complex

power plants Is considered by describing the general structure 111711-236011 Coil linlimntricti. lirc. Weit Hartford. Cornn
of a digital controller in regard to system requi~omenls A ADVANCED ENGI111NE MOUNTED FUEL PUMP TECHNOL.
dlescilption is then provided of an engineered controller The OGY
characteristics of this unit are given together with details of lite Joint E Cyttnnvl lii AI3ARD Power Plant Controls for Aero-Gas
construction, software, reliability and integrity targets. From this Turbtitini Eu Mer 1975 33 p iFor availability see N75-23575
axperionco reasonable conclusions cart be drawn with respect 16-071
to its area of application and of the likely future for digital Prised uponi the flight enrvelope of a typical high perfornm
techniq~uens. Author sincer aircraft. tile relationship bretweein tliae efficiency of engine
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mounted fuel purnpri at high fuel flow turndown ratios and the N75-301SS Toronto Univ [Ontario) last ofi Aerospace
hall heat mink available to the engine and airframe is discussed Studies
The effect of the pump efficirincy on the fuel heat sink Is presented ATM08PHERIC PROPAGATION AND SONIC BOOM
ii terine of the temperature rise imparted to thre luet by the H S Ribnor ]it AGARO Aircrraft Nome Genearationi. Emiissiuon
pump and fuel ';ow metering systenm. The sources of losses of and Reduction Jun 1975 it1 p refs lFor itvailability sori
conventional fuel pump arid metering r~yetems which contribute N75.30166 21-071
to the fuel temnpersure rise are identified end pump and metering The attenuation of sound by atmospheric molecular seffcs.
wystrenr which will reduce those losses are discussaet Exarrples by turbulence. aird by riear iotiiiontal propellatior near the ground
of purinp types which are applicable to advanced turbine engines is discussed along with refraction. fociussinig. anid defocussingi
era presented in terms of periforniancra paramreters arind system eflectri. shadow tones arid diffraction into shadow tones Sonic
advantages Author boorm is introduced as a 3D: analog of1 tire 2L) V-shaped wave

petter of a roat Varnoriri atiritctri of sonic boorn theory werec
N7B*29114# Advisory Group for Aerospace Research and devesloped evoliutiorn of thre 'tnriilurda N-wave pisrisurn v time
Development, Paris (France). signature. nonstandard sigrnatures for nmirmumn boom. refractive
TECHNICAL EVALUATION REPORT ON FLUID DYNAMICS effects leading to a sonic boom 'corridor' and transonic 'cutoff'.
PANEL SYMPOSIUM ON AIRPRAME/PROPULGION maneuvoi effects leading to focussed asuperboorme'. antd atmos
E. C. Carter lAircraft Rles. Assoc,. Bedford, Etncl.i May 1975 pharic effects leading to 'spiked' and 'rounded' boom signefitrig
14 p refs Synip. held at Rom@, 3.6 Sep. 1974 Author
(AGARD-AR.U11 Avail: NTIS HC 53.25

Topics discussed at the symposium Include: air Intake& and
alifframe inlet interactions; noilles/afterbodies, flow field and
airframe Interference: wind tunrnel testing and corralation wilth N75-30t59 Southampton Univ. (England)l Inst. of Sounid
flight dlatw and Integration design and accounting procedures. and Vibration Research
Mein rotaomenclationse made are: that* is urgent teed for high PEOPLE, COMMUNITIES AND AIMCRIAF'r OPERATIONS
quallly afterbodir pressure end force data; contradictory trends J 8 Large In AGARD Aircraft Noise Generation. Emtission
of drag with Reynolds number variation In windlunnel and flight
must be rilsolvied; the need for extended wIind tunnel Reynolds and Reduction Jun. 1975 14 p refs (For availablity seo
number Capability Is again demonstrated, engine simulator N75-30156 21-07)

tehnqesreuredveopet n vliaio;theoretical The response of people to aircraft noise, the Important phases
treatment of mixing of ofterbody, and lot flows and of afterbody of this research, and the methodology and the date availabie to

distrtin efecs nuatbe eleded;theretcaltretmet o Inakemake tha choice for establishing noise criteria are discussed
disorionofoos mstbeextndd;thereicl te Auetho r ntk Aircraft noise control through the application of noise abate.

buzrqie eeomn.Ato menl operational proceduri., is discrussed. A review tis given of
11176-30161 # Advisoeryl Group for Aerospace Research arnd operation problems, particulariy taek-off and approach procedures
Development, Paris IOrannie). developed for noise control purposes. and the use of monitoring

POWU PLAT CNTROS FO ASO GA TURINEto control these procsdwiris Computer programs arid flight
POENGIN TCNROSFR RO I$TUBN simulators aid in the development of these flight procedures.
Klaus Bautirfaind and C. Deane McCarthy May 1976 14 p and their riseo aer briefly rli~ciisssd Author
rots Presented at 44th Propulsion and Energetics Panel Meeting. N76.30170 Center for the Study of Noise in Society. Glastonbury,Ustaoset Hoyiflollshotell, Norway, 9.13 Sep. 1974Cn.
(AGARD-AR-9Ol Avail'- NTIS HCS3.25 CoT nGIENIEAD.T OTO

The steady state arid transient performance of euro gos turbinre JEhn M.IN Tyler SE ANAD AIrcaTS CNTOisLeeaio. iso
engirnes In a general fashion Is treated. Control concepts ann d dohReductionrJun f 97 rraf 2 Npoife (]@ortaveion.bissionse
computer simulation techniques are discussed and control systemn euto u 95 2 p tt Fraalblt e

harwar ispreentd.Autaror N75.30166 21,07)hardare s prsentd. ITile noise of turbojet and turbofan engines Ia described arid
N631I# Advisory Group for Aerospace R~esearch and presented in a form useable fry engine end aircraft designers: it

Devlomen, ars (race deals prinraily with the practicai aspects of aircraft powarplant
eveopmntPari N ISEGNRAnc N EISINAN EDC noise Nonse from the wakes of turbojet and turbofan enginies.

AIRCATNIONNRTON MSINADRDC the offsects of engine cycle on wake noise. and tira possibilities

Jun. 1975 180 pt refs Presented at Lecture Series. Belgium. for noise reduction using eXhaNust noise suppressors are discussed
18-17 Jun. 1975 errd West Germany, 19.20 Jun 1975 and Methods for exhaust raise predictionsr er presented. Fanl and
Great Britain, 23-24 Jun 1976: sponsored by AGIARD comprevetor noise. including a diescription of the mechanisms of
IAGARD.LS-77i Avail: NTIS H 87 00 len arid compressor noise generation. was investigated Design

The physical properties of aircraft noise are summarized, practices icr iinrirrize fail arid compressor niroad are posaerrtnrr
with special emphasis on lat noise and faiioomprossor-propolier. A discussion of turbine and combustion noise. end a summary
rotor noise Topics discussed irrclude ecoustic fundanrrenlals. noise of thre state of tire art in the researtch arid development stags
source cheraniteristics and Interactions. atmospiheric propagation. are Included Authocr
airframe noise, earric boom, duct liner, and muffler theory Research
and technology activities related to jat engine noise and 'its control N75.30171 Westlandc Heirccnltern. Ltd. Yeovil (England)i
are discussed. arid the impact of this noise on peopie and ROTORCRAFT AND PROP5ELLER NOISE
communities and aircraft operationai procedures for noise Martirr V Lawson /it AGARD Aircraft Nosise Generatiorn. Ernuenion
minimication are reviewed. For individual litlies, see N,7b.30167 and Reduction Juir 1976 26 p refsf (For availability soe

throgh N8.3073.N715-30`166 21.07)
throgh N5-3073.The funrdamental& of propelier and helicopter noise radiatroir

N75-30147 Toronto Univ. (Ontario). first, of Aerospace phienomeina are presentled. including a review oft the 'nipiiroation
Studies.of subjectivex response Emphasis Is plaited orr fire underlying

JET AND AIRFRIAME NOISE mcheri~sms of rotor noise generatiurt. both for discrete frequency
Herbert S Hibnor In AGARD Aircraft Noise Generation. Emiseion end broad band noise acmornrrerrfs Implicatiens far noise control
arid Reduction Jun. 1975 17 p rafe (For availability see tire discussed. Author
N75-30166 2t1.07)

Basic notions of acoustics Iwave sritution, plans arrd spherical N75-30172 Westlarid Helicopters. Ltd. Yeovii (Enigland)
waves, sources, dipoles. quadrupolesi are discussed along witfr DUCT ACOU*TIC8 AND MUFFLERS
an account of jet noise theory. from the dilatation (simple source) M V. Lawson in AGARD Aircraft Noise Generatiorn, Emicelon
p oint of view. and from the equivalent quadrupole point of and Rieductionr Jun. 1975 34 p rats tyor availability see
view The quadrupole sources are shown to dictate a basic N75-30106 21-07)
directions) pattern (&@If noise end shear troisel) which is powerfully The fundementai features of sound propagation in lined ducts.
modifiad by convection and refraction effects. The refraction by with and without flow. aer reviewed Enmphasis is planed cii
mean flow velocity gradients is Illustrated by laboratory expert. resin physical principles. end simplified results. A set of charts
nients Jet noise suppression theory examinee the rome of bypass foir direct evaluation of souird attenuationr Is givenl Detaii
ratio, the miechanisms of nmultiple let shielding, and of refiective predictoion necessitate computer arralysis based on the basoic
shielding by a surface or a gas layer. Airframe noiese, distinct eqiuationrs. togethert with enrpirical airgineefing input on practical
from let noise and other enlgine noise, is traced to a number of duct torpednince bourildary conditions. Tire designr of tinters is
sources on the aircraft. Methods for estimating levels, spectra. discussedl. and thn engineering trade-otfs rertuirrd irr a practicail
arnd direclivity are described Author aircraft ciesiir soluitioni are reviewerd buriely Autforr
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N75-l30173 tirvironionranal Protuction Agency Arilihiion. Va end that damage which does not effect performance. in the
Office of Noise Abatiiement and Control case of performance affecting damage, thermodyinamic parameters
THE ROLE OF EPA IN REGULATING AIRCRAFT/AIRPORT anid the detection and localization of defects, were discussed.
NOISE For rio'r-performance effecting damage, degradation or rupture
Johno C Scirettirro anid Harvey J Novick din AGARD Aircraft of rotating parts and metallurgic degradation of mechanical
Noris, Genreration. Ernrssirrr and Redircliirn Jun 1975 13 p components Were considered Traend, by E.H.W.
ret%, For avainlabinlity niro N75-30166 21 07)

A prinrcipanl finding in tir0 %fully cit aitrrralt $fill airport nursea N1176-31047 Karlsruhe Univ. (West Germiany).
in comptiarnce with the Noise Control Act of 1972. was that a THEORY OF PERIODIC TURSOMACHINE NOISE AND
Comprehensriruve nairotnarlr irograrir for alciri a ft/0nrport noisev DETERMINATION OF BLADE DAMAGE FROM NOISE
"haiiit rnrrnt was irirrrhrd it)r rrnruii thrat tile noise conitrol optionis SPE CTRUM MEASUREMENTS
arvalrinlabl to th irarrciatt iriarnuinctiorirst and tipiratorri. tiher airport Dieter Barschdorff In AGARD Diagnostics and Engine Condition
invilarrntnr. thut Finldriat GrrVOrrnIIuirrt. arid 01ther IrutNI lc~ithtrtrriest Monitoring Jun. 1975 4 p rets (For avaiiabiiity see N75-31083
il Inn I I~ rrirlrrurnlo tor prutarnt tire rubl irlilitir roil welfare To 22-07)
irri0tinir .rrpiitrrerrtatrcnof itt is firrdnrir andi to inn ig abouit rear tarlir The mechanicai conditions of rotor biades as deduced from
reductions in commnunity noise levels, regfulations are proposed vibration or noise spectra measurements are examtined, Noise
(it r1aise abratament flitiht procedurres, noise source emissionrs sources and analyticai models used to compute periodic noise
lericrirft certificstioni. aind airport noise For the burger turio. a In the time and frequency domain are discussed. It was noted
study was conducted to determine the noise reductions required that Irregularities may be observed directly In the time domain
to progressively lower communtity noise levels resulting froin using digital averaging techniqrrues. As compared with the Fourier
aircraft operations and upont which to basse coordtinated amplitude secstrumn of a rmechanically perfoct rotor stage,
long-range aviation noise abatemeni and control program The additional discrete spectral lines to the blade passing frequenicy
status of EPA regulations and the preliminary results of the aind Its harmonics indirit mechanical damage, Moreocver, the
iong-range aviation noise requiraments study are presented. amplitude distribution of thti additional frequency lines con serve

Aolthot as an indication for thes sparu.ific r -.;ura of the Irregularity.
Author

N76-31083# Advisory Group fot Aerospace Research and
Development, Paris iFroncel. 11176-310111111 Army Avimilicri Systenms Co'mand, St. Louis, Mo.
DIAGNOSTICS AND ENGINE CONDITION MONITORING AUTOMATIC INSPECTION, DIAGNOSTIC AND PROGNOS.
Allen E. Fulls, ad.. Richard Smyth. ad., H. Dissen. ad.. Andrew10SYTMAIASiA AUO TCMIN NNE
Hess. ad., Dino Dm1I, ad., Richard Lazarlek, ad., and W. R. Krupa. TOOL FOR HELICOPT11RS1
ad. Jun. 1076 342 p refs In ENGLISH; partly In FRENCH Thomas C. Belroso /in AGARD Diagnostics and Engine Condition
Coof. held at Liege, 4.5 Apr. 1974 Monitoring Jun. 1975 U p refs (For avaliablery @see N75-3 1083
(AGARD.CP.IBB( Avail: NTIS HC 6.5 irrfttrbn 22-07) oaaisfrt eeo natmtcieetodansi

Various engine mniottoring techniques for aicattrieAnovrlefrtodvlpanuomicIscinigotc
engines are summairized. These methods range fromt boroscope end prognostic system IAIDAPS) for US Army aircraft Is
inspection. SOAP, and radiography to advanceid concepts In flight summarized. Major riortorniance requirements of the AIDAPSdata anaiysis, diagnrostics. and prognostics. Doats aloc cover system include continuous monitoring of critical systems,
economics, staistics, and function of angina condition monitoring, automatic diagnoeis of malfunctions, and prediction of service
For individual1 titles, gee N75-31084 through N75-31 107. life reaminingIn certain components. The objective of this program

Is to develop, on existing aircraft and engines, AIDAPS systems
1475-310914 Naval Postgraduate School, Monterey. Calif. Dept. for ultimate field application on future aircraft such es utility
of Aeronautics. tactical transport aircraft syatem (UTtAS). heavy lfit helicopter
DIAGNOSTICS AND ENGINE CONDITION MONITORING (MLIII, and advanced attack helicopter (AAH). Author
A. E. Fuhs In AGAND Diagnostics and Engine Condition
Monitoring Jun. 1975 18 p refs (For aveilability see N75-31083 N76-41055 Frankford Arsenal, Phia-ielphia, Pa. Fire Direction22-07) and Diagnostic Systems Div.

Diagnostics and aircraft engine condition monitoring by TECHNICAL DIIAGNOSIS; A SYSTEMS APPROACH
computer are exuamined. Dets cover computer costs, elactronic R. J. Brachman In AGARO Uliagnoatice and Enigine Condition
reliability, prediction of impending angina malfunclioni, engine Monitoring Jun. 1975 18 pt (For availability see N75-3 1083
control, and other instruments and data needod for computer 22.07)
operation. E. H.W. The use of computer technology, in a loet configuration, to

N75.1OSBPiesUniv itayl.direct tests, make measurements, analyst data, and produceN70-108 Pls Unv. Itay).specific output as to the specific nature of a fault in materialsPROSLEMS IN FAULT DIAGNOSTICS AND PROCJNOSTICSI Or opaeratinta systems, Is examined. Technical diagnosis is defined
FOR ENGINE CONDITION MONITORING and diagnostic systems design Is discussed. Author
M. Andrenucci arid R. Lnazearetti In AGARD Diagnostics and
Engine Condition Morilturing Jun. 1975 10p rae folor availability N76-31090 Grumman Aerospace Corp., Bethpage. NV.Ysee N76-310S3 22-07) ENGINE HEALTH AND FAULT DETECTION MONITORING:

A general discussiorn of major problems concerning fault ITS FUNCTION AND IMPLEMENTATION PROCEDURE
detectionr and Isolation irt ECM systems Is presented Tire ECM Williami branner In AGARO Diagnostics and Engine Conditiott
concept, history and doevsopmont prospecto are reviewed, and Monitoring Jun. 1975 7 p rots (For availability see N75-31083
various questions regarding Instrumentation, sensor requirements 22-07)
and soma critical problem areas are considered. A detailed The realistic factors relative to an engine health arid fault
d iscuirsion Is presented on the concept of an ECM system designed monitoring system arud its functions and implementation are
to provide art extensive In-flight diagnostic and prognostic discussed as a basis for determining the performance condition
capability. The main characteristics of such a system are analyzed, and minimum maintenance duties of a high performance aircraft
considering the various aspects of fault logic, parameter selection, angina. An approach to raise the user's confidence level will be
diagrnostic arid prognostic procedures and system operation. discussed. Opinions will be voiced with reference to whom should
Hardware requirements end display tech~niquues are also dis. be Involved in engine health and fault detection monitoring relative
cussed. Author to concept formulation and design. Author

N75-3110116 Sociute Nationals d'Etudes ar do Construction do N75-31001 liv.yOffioins di Villar Parose S~pA.. Turin Iltelyl.
Mioteurs d'Aviatiori, Morssy.Cramayai (Franco). Centre Desaels A CONTRIBUTION TO THE AERO ENGINES BEARINGS
do Villa Roche. CNIINM NTRNDIAGNOSIS OF THE FUNCTIONAL STATE OF A MOTOR CNIINMNTRN

MODEIZATON DIAGOSTI OSLETA OSS. Brignons, G. Five, and F. Giordatno In AGARD DiagnosticsOY M DELIATIN [DAGNSTIC01 'BTA Ofand Engine Condition Monitoring Jun. 1975 20 p rets (ForFONCTIONNEMENT D'UN MOTEUR PAR MODaLISA.avibltysaN6103207
TIONIFrom a survey of the existing techniques used to defectA Barbot In AGARD Diagnostics and Engine In FRENCH malfunctions in aircraft mainshaft bearings, It Is concluded that

(For availability see N75-31083 22-07) they are mainly oriented toward the detection of the spelling
A miathematical modei was used to investigate angina damage fatigue Initiation. It Is pointed out that high speed. low loaded

and it, effects on engine operation and performance. Two types bearings fail mainly from surface distress caused by roller skidding
of damage were considered: damage which effects performance or deficiencies of the lubrication vsystm and the conclusion is

94



07 AIRCRAFT PROPULSION AND POWER

drawn that a new monitoring device should be developed based that whlrch may be encountered on gas turbine engines. A number
on 1he measure of the beating Interndl speeds This device can of analysis procedures for diagnostic Purposes were proposed,
detect bearing failures, running conditions that might cause on and some were tested. The mesh forces will produce noneinusoldel
early failure, and could also be used for calculating the bearing vibrations which appear in the frequence domain as a proliferation
accumulated life. Suggestiolns as to how to make the proposed of harmonics and side.bands of the gear mashing frequency.
mesourements are given and somea experimental date ere Author
preeantid. Author

N75-31092 Ecole Nationals dingeninurs de Constructions N75,31097 Aeronautical Systems Div.. Wright-Patterson AFB,

Aeronautiques, Toulouse (France). Ohio.

STUDY OP A PREVENTIVE MAINTENANCE SYSTEM AS AN ADVANCED DIAGNOSTIC ENGINE MONITORING

CLASSIFIED BY DIAGNOSTIC AND PRONOSTIC BREAK- SYSTEM APPROACH

DOWNS. APPLICATION TO MARSORNE 2F MOTORS W R Krupa and K R. Hamilton In AGARD Diagnostics and

(ETUDE D'UN SYITEME DE MAINTENANCE PREVENTIVE Engine Condition Monitoring Jun. 1975 11 p refs (For availability
PER•ONNALISEE PAR DIAGNOSTIC ET PROGNOSTIC DE see N75-31083 22.07)

PANNES. APPLICATION AUX REACTEURS MANBORNE The Advimnci. I Diagnostic Engine Monitoring System iADEMS)
2P.1) :a designed to monitor all of the significant engine parameters
Paul COspi, Andre Rault. and Olivier Emenjlaud In AGARD inflight, and by the use of onboard digital computational
Diagnostics and Engine Condition Jun. 1975 10 p rfats In teohniques. compore the measured angine condition against
FRENCH (For availability see N75-31083 22-07) normal expected design performance and also against test data

Theoretical, statlitloil, and mathematical modeling techniques related to component performance for a particular power setting.
were combined In an attempt to develop a preventive maintenance When engine performance degradation is detectod, the compu.
system for engines. Dalte are based on the stalte or condition of ter automatically interrogates other engine parameters to indentify
major engine components. These components were assigned and isolate the engine component(i) that are outside normal

grades of perfect condition, small lallure, end total failure. Engine operating limits. Out of tolerance readings are identified, and

breakdowns, on a statistical basis. ware then used to determine the crew is alerted to the parameter(s) and oomponent(s) that

which class a particular component was assigned. The Mar. are outside normal operating limits. Meanwhile, the computer
borne 2F engine was used for the study. Trantl. by ElH.W. utmatilcoally records engine parameters for post-flight analysis

end long-term trending. Recording, in this sene,. Is by exception
N75l-31093 Tachnilaohe Univesirlatt, Brunswick (West Germany). In order to minimise the amount of post-flight analysia. TheInst. fu1r MTechlnnielhmentet und FoWrdrrtmchnak. expected payoff, when an ADEMS type system is engineered

SOME XPERIENICE IN INGINKTROUILBSHOOTING end applied to military elirraft, Is a citable reduction of overa(l

WITH INFLIGHT-DATA, RECORDSD IN THE .11040 WITH maintenance and oparational costs. Improved utilliation of

THE LEADS-200 In-service engines and spare parte, and an in-flight capability to

0. Dahl In AGARD Diagnostics end Engine Condition Monitoring automatically Isolate and assess the impact of engine component

Jun, 1975 24 p (For availability see N75-31013 22-07) degradation. Author
Inflight engine data, recorded during the flight test of the

airpraft integrated data system (AIDS) LEADS-200 in the military N7l.-1098 Rolls-Royoe, Ltd., Derby (England). Engine Div.
fighter F.104G ara processed to chow their worth for accident ENGINE DATA RECORDING ON A PHANTOM AIRCRAPTi
investigation and early failure detection. These Investigations are RESULTS OBTAINED TO DATE
performed in close connection with an alrforce test station. P. A. Muokfow In AGARD DiOgnostics and Engine Condition

Author Monitoring Jun. 1975 7 p (For availability see N75-31083
22-07)

A recording system was installad in one Phantom aircraft
N74-31104 Rolls-Royce, Ltd., Bristol (England), Engine Div. expressly for recording Spey engine data. This provides for
THE RELATIVE ROLE OF ENGINE MONITORING PRO. continuous recording in digital form of aignals from 21 paromaters
GRAMME DURING DEVELOPMENT AND SERVICE at a rate of 1 or 2 samples/second. Significant results were
PHASES obtained from this limited exercise. Author
A. E Davles and H. L. Newman in AGARD Diagnostics end
Engine Condition Monitoring Jun. 1975 16 p lFor availability
see N75-31083 22-071

These data suggelt that deep analysis of engine behaviour
is extremely important in the flight development and commission. N76-311019 Dornler-System G.m.b.H., Friedrlchshafen (West
Ing stages. Examples of flight developmsit data acquisition Germany).
prograntis are given, Thase Include trend analysis for Olympus 593 EXPERIENCE WITH P.1040 PORS EVALUATION WITH
engines in Concorde development oircraft, flight strein gouging R1EPCIT TO INGINI DIAGNOSTICS
of bleding. and an intl'actlng approach to a diagnostic system Bernd Mueller end Friedrich Bolt In AGARD Diagnostics end
using an airborne computer. Author Engine Condition Monitoring Jun. 1975 11 p (For avsildbiliiy

soe N75-31083 22-07)
N75-31 095 National Research Council of Canada, Ottawa A Flight Data Recording System (FDRSi is being introduced
IOntario). in a German F. 104G fighter bombot wing In order to establish
IN-PLIGHT THRUST MEASUREMENT: A FUNDAMENTAL FDRS tecinology and colt effectiveness of an operational system
ELEMENT IN ENGINE CONDITION MONITORING It is of particular interest to determine the possibilities and benefits
M. S. Chappeill and J. A. Orevelle (Computlng Devices Co., Ottawal of a most automatic debriefing after asch flight in order to
In AGARD Diegnostics and Engine Condition Monitoring Jun. fistne and varify present poet flight check end pilot debriefing
1975 15 p refs (Fur availability see N75-31083 22-07) techniquas. For this purpose the conventional verbal pilot

The development of in in-flight gross thruat measuring debriefing for maintenance is backed up by an automatic FDRS
system. as applied to an aftarburning turbojet engine with a diagnosis evaluated by a ground computer within about 10 minutes
fully-modulating variable-area nozzle is described. The aerother- time after lending Author
modynamic approach is described so background to the experimin.
tel results from both grounrd level test bed and flight tril using N75-31100 North Carolina State Univ.. Raleigh. Dept. of
a CF.•5D aircraft as a lest vehicle. Author Mechanical and Aerospace Engineering.

TURBOJET ENGINE GAS PATH ANALYSIS: A REVIEW
N75-3109 Ohio State Univ.. Columbus. Frederick 0. Smetana In AGARD Dignoslica and Engine
VIBRATION DIAGNOSTICS IN HELICOPTER POWER Condition Monitoring Jun. 1975 13 p (For availability soe
TRAINS N75-31083 22-071

A A Houser. M J. Dros)(ack. and G. W. Hogg (Army Air Mobility Methods for determining the thermodynamic health of a
a and D Lob.. Ft. Euslti, Va.) h/i AGARD Diagnostics and turbojet engine and of its major components are surveyed in a

Engiru Condition Monitoring Jun. 1975 24 p refs (For availability criticel fashion from the point of view uf their theoretical potential.
see N75-31003 22-07) The quantitative elfeota of poor health on engine performance

The state-of-the-art of vibration diagnostics is reviewed for atr detailed along with the Infererues which can be drawn I@
gesro aid 'earings and the potential application of these to the reason for the poor health. Instrumentation requirements
techniques to helicopter usage Related Army helicopter diagnos- of the various techniques are discussed The position of gas
tics research is also included The usage of diagnostic tachniques path analysis in an overall program of failure prediction Is also
with gears and braiings in helicopter power trains Is similar to trested. Author
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1176-3111011Creo Univ., Ottawa (Ontario) in shown that a positive financial return is only likely if the
AN ENGINE ANALYZER PROGRAM FOR HELICOPTER basic date acquisition and analysis equipments are readily available
TURNOIHAFT POWERPLANTS for other purpoises. The theoretical and experienced benefits are
L. J. Staples (Leigh Instruments LTD.. Ontario) and H 1. H. compared, and the lirmitations Imposed by operating such a system
Saralianallluttoo Int AiSARD Diullnostics and Engine Condition In a competitive commercial environment are discussed, including
Monitoring Jun. 1975 9 p refs (For availability sea N'75-31083 the effecto of stringent control over financial and personnel

122-07) resources. The results achieved so for are critically examined In
A simple thermodynamic analysis technique was described; terms of the equipment design specifications and actual

it was developed to sense the health of a helicopter power perfornmance, end aleo the mathematical processes employed in
plant with a high degree of accuracy and seinsitivity The main reducing the data. Some of the deficiencies In these processes
design objective was to deveiop a method of analysis which sre discussed, with proposals for their Improvement. The
requires minimum computational power and yet will produce characteristics (if the A8211 engines for BAED's next aircraft,
those cycle parameters which are prime Indicators of engine the TnIStar. as relevant to engine health monitoring, are examined
condition. The single-spool gas generator, free power turbine in relationship to the recording system to be fitted, which includes
turboshaft wee selected for consideration due to its almost e small but powerful computer with an input/output device fot
universal application on present and forthcoming helicopter communicating with the flight crew, Author
variants of interest. Author

N75.31 107 Pacific Airmotive Corp .Burbank, Calif. Industrial
N7-31 102 Ministry of Defence, London (England). and Marina Engine Div.
A MILITARY OPERATOR'S VIEW OF AEROEINGINE LOW AN INTEGRATED RELIABILITY PROGRAM UTILIZED FOR
CYCLE FATIGUE MONITORING AIRCRAFT INDUSTRIAL AND MARINE GAS TURBINES
P. W. Swindiehurst In AGARD Diagnostics and Engine Condition R. E, Weilier In AGARD Diagnostics and Engine Condition
Monitoring Jun. 1975 4 p (For availability see N75-31083 Monitoring Jun. 1975 0 p refs (For availability sea N75-31003
22-07) 22-07)

Low cycle fatigue monitoring is set In the more general Both the airline and Industrial gas turbine operators have
context of engine condition monitoring, and the baslo mechanisms the reqtuirement for a comprehensive maintenance and reliability
of low cyclic fatigue and Its Influence onl criticai component program which has the flexibility of accepting changes In concept
lifting are considered. A case is argued for a limited sampling as new technology Is developed. It was established and proven
program to assess, the lifting problem in a particular operation, that on-condition and monitored maintenance type programs have
Methods of cyclic fatigue monitoring are discussed, and a case not jeopardized or compromiaed safety or reliability Author
Is made for the development of a low cycle fatigue counter.

Author N76-.25169# A dvisoiry Uolrii fur Atrrospacir~ Roelrrurid and
Dovoirirrinrrt. Pari" I Iraiwriai

N75-31103 Hamilton Standard Div,, United Aircraft Corp., UNSTEADY PHENOMENA IN TURBOMACHINERY
Windsor Locks, Conn. Atlir t1976 665 1) raft, Presiritedit thiun 46thi Mouinrmg of lifie
PARAMETER SELECTION FOR MULTIPLE FAULT DIAG- ACIAHD P'roulisrion and Errsrigtict. Pirrirr. Mumrlerrmi. Coldt.
NOSTICS OF G3AS TURBINE ENGINES 22-2111 Sop 1976
Louis A. Urban Int AGARD Diagniosticls and Engine Condition (ACIAiIOCP 177) Avail NTIS JHC $13 60
Monitoring Jun. 1075 14 pf rats (For availabiiity see N7 5-31 083 Tuijn lrrnr 1nnmii~iriy rirratojirmrty iiriiyninuirrri air) tiriinwori wilir
22-07) nirrirlilisis oil flrrw doiinuirtion irulnioiniamrx Inoumhb sufivic. truirriorrit:

Fundamentals of turbine erigine multiple fault diagnosis are i11111 riirrmrsorrri: IxiiiI iiiw ionurrrirrnsr stimmfnr For rIndividrual liliesn.
Introduced, and its relationship to engine parameter seiection -ini, N76 7tJ170 tirriiiii N7hI.2B203
andi measurement requirements Is presented. The Influence of
the type (thermodynamric cycle) of the engine to be diagnosed, N76-251170 Primil undt Whitney Airwivft. Eaiut Haitini Coon
slid the newtsr of Its expected problems, on thle required THE PRACTICAL IMPORTANCE OF UNSTEADY FLOW
parameters end the attendant measurement repeatability
requirements are discussed. Author A A M Eciniiuiuk fIn A 13AIl 0 U runiiiiy Pheirrinirivr Iii

Ita uiiri uru iririiy Apti 1976 2, pl rufs [For imvuilintilily qitvi
11171-311104 KLM Royal Dutch Airlines. Amsterdamn (Netherlands). N76*251i169 16 07)

KIOU AIDS ENGINE ANALYSIS thir iinnipnrtaircmjl uf miristamlY flirWI, Is irsimirriririn 111 111141t101
H. Vermeulen /n AGAH I Di)Oagnostilsaslnd Engine Condition toi[tll ininfurirrlrian ot 111iirlurrimmitmiin nun r ntlirip Iiin rlillur in 111
Monitoring Jun. 1975 27 p (For availability tosei N7E3.31083 Ini rimimrtio irlou flow. In foijtiolru to tilu 11ivirdyrnaimt!marr n~triiii
22-07) imirirniintic. rtirI~iiity Ifutiritim sidi n in viaitioni to ririsi iontiiirrtiu i

Based on KLM's experience with a first generation digital Attvririri is locirmivid prirmmirly onl fiows tir vlwincth littrie %Celt]
AIDSi the prirmary requriremeints for an AIDS for widebody aircraft tor turn tirirnstirrt t iourloicirriis cm paaw rtriirrmlit wit nowrn sin-ru nit
Included- 11) a high degree of accuracy arid repeatability. 121 a lorrai lletiirnirtmiins untol Whomnr rum, ,unririiriiriii rut airs rirnusurild
high system MvTBF, end 13) Integration with the ARINC 573 riiiirtnntriawwir l rum rui Airrlirri aliap Irii; i miif to iit'lnf Jirin rirrvinr'rni
digital flight dote recorder systernn. As the KSSU system concept rIfut--tmu ri isurncir irwiirin Irnilvrrrlv tho tiirirmnudiiumllvl iii ofiluvirrur
was developed to meet nut only ECMv but also flighrt operaitional. riogirlirirly Ilirvi Ini wht muiiirrnininrumn Auithorr
flight technical arro other raquiroamnts, it is evidneit that a pure
trade-off for ECM only becomes difficult Author

N70-251 71 110lls Iloyce Liii . Dirniy irl~iirrilad Lirtiririr Div
NIG3115 atina AsomocoLa., mserdm othrlnd~).INFLUENCE OF UNSTEADY FLOW PHENOMENA ON THE

EGNE5 CON10 TINatoa AeROspcBLab.. Amteda lSethriandtl U IGN AND OPE14ATION OF AERO ENGINES
ENLINST CODIIO P OHLM N USRENCiiiriiiiurtin anit 14 11 Miuritz In A3A RD Urruluarly

J. P. K. Vieghert In AGARD Diagnostics and Enigine Condition PhmI',[orrniirnit I till h1iir hirurriiriu Airi 19761( A 1t itls IIr
Monritoring Jun. 19/5 5 pIrf toIFor availability see N75-31053 iiyiiiihiiirity voiii N763 26I39 Ii tt071
22-07) Unisteaidny i)ihiiirn oinuniri rim1 nIriIrImuIril In wiiruri uoltimil With I

A performance discrepancy oh Royal Netherlands Air Force v run to bohutirm turndirrtir(111int uitf mriirmnvrIlii thIl upoinl itofnnu
fighters could be traceod to a mass flow deficiency at low corrected t iintruiricitiusIiniiav iiiiiiii iiiuriir ruin(i i11ririrurvirini rmatiri iluouniri mmiv

RPM Engine mass flow improved significantly When replacing try biungr iroro muxIrvlic~it conrurovuiri in rrriir nut Ilia, irirni cltrprinrrrtnr
tire first stage comipressor rotor blades. Probable ilause of the fo )10W lihiiiiinirui 11iii I it uui Hill triliniw iiiunwioitui i

deficiencly wee air foil delterioration when appulyirng en antloorro. iiiviGiRIiiiit III III1)o11 inu tho titiiqlrlr polii offutlcmti.V (it 1i
sian treatment to the blades Author colinnlriivnnu tlirniduilln tillt iurrlrrntini i it i nrtlfllo 1IuuIriti rir1istoirily firiw

1175.1 l1110 British Airways. Middlesex (Englaind) irrur1"iririrr %faill iiiiru rnlai t "i l nu *xiinvrrrouriritri: 111(1 miintiruv wintirki
ENGINE HEALTH MONITORING IN A CIVIL AIRLINE finiw Aitiuhrr

V ~P. Wailer and E. Rt. White Int AGARD Diagnostics and Engine
Condition Mornitorring Jun. -1975 14 p refs (For availability N76.251 72 Srcintnrin Nniltirriririi iryrmns ofi titi Ciamirtrirtrrriio (In
see N75-31063 22-07i Muloiuris rI'AviaimiiirItiui MoeiV i rrinimyorI i11tr:1rr1

The operationai affects of prematurely failed engines are THE IMPACT OF UNSTEADY PHENOMENA ON TURBINE
reviewed withi estimated emuotuomirn effects. The estimated return ENGINE DESIGN AND DEVELOPMENT
from an nangin health monitoring system lv; ixuniderad Iin J F Clreaimiii /ri AGI~ID kUsuivirriy 'iuirouniarri Iin Tilt
relationship to the cost of Inmplemeinting end runr. ing It, and It iuonrrrruiinirny Alir, 197IJ19 ill tit! nih r~rirNC14 aind INr3IISH
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07 AIRCRAFT PROPULSION AND POWER
Comrnpressor ararodyinairiica are reviewedi for their urirtieerfy a straight cascade wind tunnel is used A rig has been dlavel-

J.phonament, in ordrts to predict prriabrtim aridt to introduce their otted. based on linear theory, in order to establish ii wind tunnel
solutiorrt) at the project design stagei Unstiiady phenonrena ill where all types of flutter observed in compressors can Ire
airfoil cascades constitiute saroelasticity. forcedl vibration, rotating investigated in subsonic. transornic arid suefaironic flaw conni-
stall,' and aelodyirtnuic norse Describedl ia the overall ruspoinst: tions. Authorr
of a compresisor. or of one c~omupressror ritagti. to tire eiffetcts of
aircraft induced condritiorns of steaidy rlritrirlictri. overall fluctuarroir N76.251774 Hamilton Standard, Windsor Locks, Conn
of the sarllow. and unsteatdy difitorrioli Authorn APPLICATION OF ROTOR MOUNTED PRESSURE TRANS-

IiCIJERS TO ANALYSIS OF INLET TURBULENCE
N76-25173* PernrrrYtvairia Stoler Univ Unriversrity Park Donald 8 Henion If) AGARD Unsteady Paierorrinrir ill
THE NATURE OF FLOW DISTORTIONS CAUSED BY ROTOR Turbomnachinery Apr 11976 18 p refs (For availability siee
SLADE WAKES N76-25189 16-07)
R Lakstrinrrarayanir hir AGARD Urinitirdy Phreinomeire m (Contract NAS-1l2B50ii
Turborrracrirrery Apr 1 971 14 1) iifti (Fo ovai aviltinty stii Miniature pressure t reireducers installed neaer tire tleadinrig edge

N76-616 1607)of a fan blade were used to diagroisv the norrunifoirni flow(Grant N&G-30121 entering a subsonic tip $plod turboflan on a static test stand
The dlistortionr causerd by wake% of rotor bladles is one of The pressure response of the blade to the inlet flow veitutiotre

the least understood pheironrena ill turhonrschinerjr Ani attempt was plotted In a form which shows thet epacaitme history of
is made to predict the decay characteristics of the defect in disturbances Ingeetted by the rotor. Also, periodically sanmpeid
axial anti tangential veloc:ity comiponrents. and the decay of the data values were auto. aind cross-correaited ats 1f they had been
niecimuht radial velocity inside the rotor waeke using the acquired from ftued hot wire onremomretera at 150 equaity spacedt
momentum integral anaiysis Tire predictionsb igree well with angles around the orist. With a clean Inlet arid low wind, evidence
the experimental dats taken at the etit of an axial flow fan of long. narrow turbulence eddie& was easily found both in the
o1111`86n1 at iero Incidence Tire merasuremesnts are carried out boundary layer of the fan duct and outside the boundary layei
with a three sensor hot wire probe. The wake width is found to The role of the boundary layer was to follow artd amplify
grow lieetly with distance downniarenr and the doloot fti disturbances In the outer flow. These eddies frequentiy movedt
tangertital velocity inside the rotor 'valke dricays fastest of the around the Inlet with a corkscrew motion as they passed
three components Ani etirpirical exprrsaroni is also providtecd fot through Ato
tits axial Velocity 10r01111 of e rotor wake Autiror N6218Tcnsh ohculAce WntGray
111176-26174' Muesslchusutts Init of Tech. Cambridge Gas Inst. fuar Strahlfnatariase und Turboorbeitsmoschinsp
Turbine Lab RESULTS OP MEASUREMENTS OF THE UNSTEADY PLOWEXIT PLOW PROM A TRANGONIC COMPRESSOR ROTOR IN AXIAL PUSSONIC AND SUPERSONIC COMPRESSOR

STAGIS
William T Thompkins, Jr and tack L Kerrabrock fIrl AGARD H. E. Galilus Ir AGARiD Unsteady Phenomena in Turbonmechinery
Unitesley Phenomena it, Turbonrrachirrary Apir 1976 23 1r Apr. 1976 18 p refs (For availability sea N76i.251169 16-07)
ralts (For availebility sea N76-263169 16-071 A measurement program Is reported for unsteady flow in a
(Grant NGR-22.oc9.383f One stA91axeiale flow compressor with subsonic flow. end another

The three citmnensrotrel unsteady flow field behind a lirarriori onie with supersotic flow. Meastaring teohniques arid results of
compressor iotor with a design pressure ratio of I 6I at a lip first measurementa are preasented. Author
Mach riumtber of I 2 has beeir resolvedi on the blade flaseinp
time scale Oluanuriras dietermined were toha at rid static pressures .. N70-25179 Deutscheo Forsohungs. und Versuchisenstalt fust
tanprntiel flow angle. anrd radial flow anrgle The spatial anrIr Luff. und Rourinfahnr, Cologne (West Germany). Inst friar
temporal resolutin 1101111v91d Wasl Sufficient to deotecrmnies vlocity Lufltaistialantriaeb..
components inside individual blade wakes and irr the surround. ANALYSIS OP UNSTEADY PLOW IN A TRANSONIC
ing flow From these measRUrmIents thre flow utructure is describeid COMPRESSOR BY MEANS OP HIfI -11fRESPON1111 PRES.
at stations11 Immediately behind the rotor arird one chord dowrr. SURE MEASURINIR TECHNIQUESstreamri Some donminarrt features of file flow (uls behind the H. B. Weyer and H. G. ifungenborg /It AGARD Unsteadfy
rotor ate large radial velocity comporrenis, large lilatic pressurn Phenomena In Turbomnachinery Apr. 1976 18 p rafs (Forfluctuations near the blarde wakes, and defririte urreteediriesa (inr availability sea N76-251I69 1 6-07)
rotor coordinates) of the waker; The wake behavior ome chordt Exiperimental Investigations on the fluctuating flow inside a
downstream is describedh in terms of the affect ot tirs strong transonic axial flow compressor were studied by applying modern
inisan $wtil oil the behavior of shoai disturbances in lire outer pressure measuring techniques. as there are pressures transducers
portion of the anrnulus. where the mrean flow aipprorinrates a of highb natuiral freritrency artid accurately reacting niefiodet foraolid lbody rotation, a strong, pernsistent oscillatory flow is found derermnriinrg tire viitorrsorrdirrngfo Unvavraged values Tirisci,with 16 periods ilr tire circumference as roughly predrcted by technriques ware rtioed for tiriaexauminratioir of thle tIrrctuialrilg wutlltheory In the inirer portrait of the annuurirr the drelurbeances pressures at tire rotor blarde tip arid of ilire unsteady total triossreirr
attenuiate aurallyt Aulthor just dowrnstreamn of the rotor. $ontoe results cf these itvsslrgrstiorri
N76-25170 Office National d'Eludes at do Flechercher, demoinstrate the possiilrities offrerrn iry modern rirsasiriril
Aerospetiales, Paris (Francs). teclrriques to arralyna tirearirsteady flow il iniiciretnirc craiiprirniAirsUNSTEADY PHENOMENA IN TURUOMACHINES1, AS Tire flow pherromenra at thre blade liii secuiort. r,%r well ias fileREVEALED BY VISUALIZATIONS AND MEASUREMENTS instationery flow behavior rdownstreamr of the rotor inicluinirg file

blade wake developrnent are consideredf av litrictiotr of mrauim
Joan Frlbrl and Jacques Paulori iii AGARD Unsteady Phenomnrra flow rate Authuiin Turbomachinery Apr 19716, 22 pt relt In ENGLISH arird
FRENCH (For availability see N76-25169 16-07) N76-25140 Leicester Univ. lEniglairdl. Dept. of EirigirrseeririTheoretical and experimental staudis aer reported of the MATHEIMATI CAL MODELLING OF COMPRIESSOR STABIL.Instabilities obsarved in axial transonic compressors functioning ITY IN STEADY AND UNSITADY FLOW CONDITIONSat rotaling speed$ higher then norn:nal. The tests described. A. G. Corbett anti R L. Eider (Crerifield tiast of Tech I Ini AGARDLand analyzed by smeans of a quasi one dimensional theory, have Unsteady Pihenomnrra Irr Turbomaclrinery Apr. 1976 14 pobeen performed on flired and mobile cescades. Author refs (For availability see N76-261188 16-071

As multistage comepfliresor surge creiates err opuaratinilfN76-25176 Office National d'Etirnes at do Rechrerche?% limitation for turbojet and turbofan enrginres. preclimrtiour of suigir
Aeiroapaliafles, Paris (Frarnce). and the effect of parametric chrange& upon It rmry be tised toEXPLORATORY RESEARCH ON THE AFRIOELASTI CITY OF irriprova design. Conrsidered are malthematical mroceles. irrvolvinirlTURUINE SLADE$ AND GUIDE WAVES dynamic stage intleractiori. which can bni usedi to simulaiter
Henri Loiseso,. Gerard Lepolnt, end Brigitte Maquenneiran /it compressor surge under steady and unstead,1 conditions VariorirAGARD unsteady Phenomena in Turboanrehinery Apr 1976 models wars produceid basted uponor the principles of conrservationr
8 p refe In ENG LISH and FRENCH (For availability %se of mass. linrear morrrenturn and tinergy applied to a airs dimnsironial
N78-25169 16.07) flow using steady state stage characteristicrs to iirtroduirc tlirFlutter configurations have been analyzed in a rest compressor effects of the bleding Thuse modcels are evaluated for tireir surgnrIh ordnr to define Initial conditions of flutter and mnlor diesigir prediction capabilities (with steady irrlet condidtions). It is showrr
paraemiters. Their detailed determination Is not possible unifies that experimental results rily be reproduced quits e crursatei
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uvirrg digital simutilation technrocties arti satbility criteriai apluliril total pio~suoru. I errrlrerntirrr. irtatic pressure. and flow an-gle were
J"to lrinearized l uvaein equationsa Thu rmust aduriterata model was~ obtainerd at ilha rub. mean and lip rudoi at five axial stations.

kiled to rInvestigate tile reaponsee of ilita rmodel it) larilp tylli Rotor loading level did not appear to hrave a significant influence
anti airtuarifal chanltges In 11110 total Irroaciri. thliii typify~irll on rotor roetrorme to distorlerr flow Loasee in overault pressure
irOr-ptieiodrr: antI periodic variaitions ha steadly state aurga hll? ratio duo to dlistortionr ware mrost seavere in ilia stator hub region
appeared to rave little relevaneiru. itrut 10IVIrt rOnS coirditionrs weill of ilia inora highliy loaded stagt. At the noaor stall operating
rluinsin Which UO~Ltr 1101 Ile tolertd tiI in maitnily cuniiritotia Au thor conditiorn tip slrif hub regionsa of lailher) rotor demionstratedi

cif loadfinig wall atlieneirr ot rinteractionste itweeni rotor artid
1475-251181 Vrrie Uivurreiteit. Itrussonlr lffillairrrill upsutreamur disitorteid floiw tietlds Authror
UNSTEADY CONTRIBUTIONS TO STEADY RADIAL
EQUILIBRIUM FLOW EQUATIONS
Ch Hrlrich lipi A(3A H Unseteadty Pirerinromernai itti iborrincmttirv N7B 26185 Crofririld tout tit Toc.: itirilogy I irgllcidt
Atrr 1976 12 p) reft (For availability suer N76 251693 16 07) DYNAMIC INTERNAL FLOWS IN COMPRESSORS WITH

Thre critnfihutioiru to tire iorierniiitil oiratyrrnirrric thrruiihr PRESSURE MIALDISTRIBUTED I NLET CONDITIONS
flow in aeriil compressaorsa risring frointtr iria nteauty pail of Ilit H, RE Puacorck unitl J Overtr INulgol, Tehnirtka Hoogekole) /1r
flow are errarrirnad The norreteady terrra ocultiungr i t ill AGARD Urnsteady Phenomterta Ilit Trurbroeohinety Apr 1976
axieynrrrralrical radial equilibriumr are deriveid frnti tire generail 14 p roef (oru availability aee N76-25`169 106-07)
flow equations thtrough oin exact averagirig prrocess Based oil at By tintealling itt Its intake retgionf a buries of distortion scrensn
wake modal a lheotoical avaluationt of these triunr is presenttttd of various geomeatries, a low speed lightly loaded compressor

* ~~arnd their contrrirbutioni to Ithi radial clintributruin of flow lurictrorir, weet niobleutar to a runrtre of pressure rtletottlons. broadly classified
ia disacussed onl tire basis of the incluaioni of threme tetrit tri nal aequare wave anrit suirrs wave Iit thu imuii.rtifurorentlal sense. Tlet
nenrdrortal flow calculation program (tbased oil initel eloirraeitl effecta upon overall perforrrance. rotor normrrl force coefficient

With the ruse of a pieriotdic samrplinig and averaginrg techntrrutimr. anti rotor dletrailed Atatic treessur a ditirstrltrrlrt was drscussed.
an experimental evaluatiort of the unsateady cotitilbuifirona o, ae well as tiria crossa-couplitng effiart fromtr the rotor to the distortion

obtine beinda sngl roor ompessr sage AutorTwo contiains of rotot reactio rot Irsotated, one precipitated by
obtaied bhinda algfe ototcortrnueer tuage ullt~r i leading atigo prromoteda perturbatioir. the other by a Irallirrg

N75*21162 edge proitotrir prtiturbation The mitagnilfudo of lift or normal
N -212 Coritni Atiptianaironi Milrtari deliltEntruio Nirrloorar. force overshoot isi foundr to be a funrctiorn of a velocity pitrairnePles lItfily) tar inMated to tin triairre ra f ch1itanige of blado incidence Author

GAB TURBINE TRANSIENT OPERATING CONDITIONS DUE
TO AN EXTERNAL BLAST WAVE IMPULSE N62111'Pnslau tl nvUiest ak Dp0. Dimt, A DlGloiglo, aitd S. Candln Ili AGARD Utrateatly N5218 erryvri tt u nvriyPtt Dp
Phernoimena Iit Trirborntchlnery Apr 19711 22 It lerft (For of Mecfranircal Engrineerinug

avaiabiityseaN76-516 1607)AXIAL FLOW ROTOR UNSTEADY RESPONSE TO CINCUM.
Tile oerodytreitic respons~e oereatoi a tu l gasiurbina to floorr FECENTIAL INFLOW DISTORTIONS

Vvariant totle pressura inlet diatortiont ia ~onsaidered aa Ionicr toornt Edgar P. Brace /itt AGARiD Unsteady Phenomena irt Tun.
cugnetton trorr a aiprstronirc aircraft or alt bloat wave ovirnrteeeirtn btior~irinoery Apr 1970h 13 p rtsf (For availability selee
Various itttihodis which htave besit developerd for ainnulatirug Bonro;t N76-2f169 16-071
bangsj are briefly described. slid itt particular tire uaporirrurteite lGtror NiG.3t03 1 Contract NOCI.)14.i37-A.022t3.DDO5; NH if

work In progieca lot gererattiorn of strong strock wave signraturres Prof. 098-038, Pro]. SQUID)
to simulate the effectsol Otm turbojet engine itt flighrt Mase flow Tire unseteady roupottac of air axial flow fun rotor to stedi
Itt onto gae tiurbinie etigitrs arud Unsteady mreasuremrentsrt, rr cruourrrererttral Inflow velocity airr stagrtation pleasiure diltothioru
consirdered Pretdictioni of till steady sat ae performranice IN eatorrileil al mumubsiti fy twir uifteririn Inirteirxl Threse aria (1)Ifnvt~estigaJtioni
to include trantsient behavior Propulsionr synteir irnstability of thre militadcy noirmal lotom, aird pitaltrrrU turireirt Ott a clrtrdavise
iteijeer by Inlfet flow. dimictoted as clnorrearnrrce of atroirg ashuck elarrerrt of t totrit blade, itirt 12) iivoteigtliort of the variationt
wilave. as wall as posseible tasporrseeciof ainpt flow tan itt rot thre staginatron pressure distortiont btetweeritileft Inlet arid ev1,Il
compresskor comnpontents are dimtoiatued in view of olaptuinatrairl of tirea rotor Eapetittifrtalf rrteatmuutertrorte of tiltue iruttsatrh
correlation Authotri iha ractaristlav ate tpreverited asr it funcirton of the usconi ary olf
N476-25`183 a Nttortal Aeronrauircs still Splice Acminlltroittiot tiria rirtor -- stugger aingle, saolinity antil setaldy srngle of rIncidenrce
Lewi Ati Recilcl Cottier. Clrivelirtd. Ohio. for vinuaoidaliy varying civiilrrrenettlra distrrtloite withr dilfferent
TURBOFAN COMPRESSOR OYNAMICS DURING AFTER. rtmoitris of distttortio cycles Those ritieoaururiuttie are corrpsitrnt
BURNER TRANSIENTS with several th'acnretrcal ainalyses While frsuoniiiaits rrricatrr
Anaetole P Kurko Itt A GARHD Uutseuady Phentometrna rrr %onire of fii dullefrBiler. Ian whichl exsai ini tim tiruorles. tifll existerice
lttuoiriaucfirttry Apti t9713 12 ) trtls I(For ava ilability see of art unsteadly castradu effect arid tile ability of tire thecorires to
N78-26169 16 071 arlartately pretdict the trend of ili ftc t raaly tesir1onte OIrr 0

util infecla of urftinnl)lrriiet ligmol.f atnd shutritdown lriniments variationsi iii reduced frttrteiaicy. rotor satggoti firtglln, solitilly eitd
tilt t~ia corritreynli) aUittili1ty rlita iryutvignitudt Tl rept~ttorted nlon Incidtence itingle is clearly clutrnirestrated Airthor
rreptiorrreitol riutttilia, brro d oir il lii irtarlri highp moneiri preertssure
aniri temririror lu tiriiraritrrtrtrrtion tire TF30.P-3 lurfiofan rrrgirte N76.25187 F1olls-Hoyce Lfd, Derby ( Engiland) Engirne Div
Thre tebts wori rirntproriii l it ani iitririol lent chiamrber srtillria THE RELATIONSHIP BETWEEN STEADY ANDI UNSTEADY
ling tigh alttuidra tingira opeuratrion It i% shtown Ithat during botht SPECIAL DIS8TORTION
typedof tElii roirnitai. flow trrrak% dtownir iiath forward putt of tie C. Freemene /it AGA RD Uniftetody Pthenromeita Ilit Ttlibrottictittaty
fellt Itytiase duct At a suffticientily low rrrttlna inlet procaine tine Atir 1970 16 p3 tals (Forr uavrlatritity see N76 213169 16-071
ise1,utlte i i orIpt uar111501 stufalf Co itpleti flow bineakdownt within Si tipla theoriea of tur~buternce ate rused to develop it model
(lire compresoriur wall prercenten by it otrutafUi Cali At -joint) lorratiortal that relates; tilte fluctuating spacial distoartioin to tli* fioni averageo

it treirtirirriaor. rusttirrtl xatrit culla Initiailly ixenedarli truly thrrought apaouiil rfletontiott. Thin nodial ruses ilta relationtuhipr betweeortlre
tat rr ta Inade vriiu Fur iltia shutdointftw rarrirtrot tlho lttlie fluctu ating total ptesasure. %fhe firrotraling veloci ties. thte Reynolds

beatwenir first arnd tria dlilectei rocoirrarice of rotating etallI is05 at ttd ol(tire tiaa r valocity gradienrt Tirins fiuu-ruetUirtg toiat
teaiterd ltoI nt flow liniry lr, ntie umter Ariotacipte l wine itrroe to ptressures ant their lived with a (orareletiort coucfflcierit to detearminie
drifLduct tillr ni trintr aund .ittood of pronpagartiron oif mitstingiwll thre anrrpilituor of fIrea flucturatinig average Itelir ptressure river Inort
muilly Author of tirea cottrlrraaadt lace Comprraisort &taItiemde bretween fitte

urretiroc end ealpenrirrot ili alloiw thfret ire mthat itotiauntibs, mnaty

N76-25164* Narionial Ari aurriirce atnd Sliarr Adminisuitration faue ftr lwAiio
Lawrs Hirnaanirrcf Cientel. Cleveland. Ouru
THF EFFECT OF CIRCUMFERENTIAL DISTORTION ON FAN N76-25198 Cininnarrrti Univ.. Ohrio
PERFORMANCE AT 'TWO LEVELS OF BLADE LOADING TRANSMISSION OF CIRCUMFERENTIAL INLET DISTOR-
Melvint J. Hartmtarnn arid Nalisoi L Sarnger In AGARtO Unseteady TION THROUGH A MOTOR
Phrenomrrena r un rrtniroiuliirtry Api 1970 26 1) rofa (Vol W R Walls. W labakoff, anid C. J Smvell (OF Co . Cinciinnarti.
uuatailibilitV earl N76-25 169 16-07) Ohlof hit AGARD Unteatdty Pfrirrnontru tir Toirboiactrrrrry,

Sitrtlu etrour frirsdia irigriet for rwni levels oh procritli ratio Apr 1976 t0 p taef (ror availabhility ace N7tt-25109 t16-07)
tin tbtade luating wino a arilictenl to screauiindutriced ci curn~farrilrtai Anralytical rrrelion~llb 01 predictintg tiria proltri atriri of at ationrary

tfibitottionta itt 90 diigtrui exanitt Bothr lent rotors ware riosugrer uicnircufarenutial diatortioni pattinrrotrns hugfi a rrtota orun itieetrtedt
tot a ld friatf t pitauini of '4263 uninec. hindu solidity of 1 3 anti a tfte anralysie conrsidieer tliteaffectse ot finiltri bladet chrfrmd lenrgthi

nirr~nrri trrirry urro rt 5 Ctcrrtiettintiil rreerirrrrnrtait atI achntinuimberir onr tinta triotianrunitu by ai saint actuatoir thaer
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theory in addition, a more basic theory using tlie mwhod of Thre Iirgiliphtu of a recent discupsion by rotirtsentotitvia of
'I ~distributed singularities with thin airfoils is discussed to accuitili the fluid dhriaricai anid ottlctureai arid mitterials panels are reported

for the effect of finite solidity on tIns distortion trrarnsission with eimphasis on the fundiramrental aspects of unsteady fluid
rho; thin airfoil theory iý homred to the case of rio kteady loading mnrcliarics Tupir.% include linearized potential flow theory. I.
on the rotor The results cii the aurelVIctul arb~isyrr is corlirPorei trairsruiic flow calculattions. unisteady boundary lavers. dynamic
with existing esperimentail results Author stall. trirnsotic buffet. anti lachniqluer; for measuring unsteady

pressures5 Author
N7O-2518D Pratt and Whitniey Aircraft, Eiist Hartford. Coonni
MULTIPLE SEGMENT PARALLEL COMPRESSOR MODEL N76-20193" Natrional Aroratirtics Arid Space Administration.. .

FOR CIRCUMFERENTIAL FLOW DISTORTION Anmea Reseiirch Ceoter. Moffett Faied. Calif
Robert S Mattewy in AGAFID Unstieady Phetiorriona it SOME ASPECTS ON UNSTEADY FLOW U'ASI AIRFOILS
Turbortrrrchineai'f Apr 1976 14 p refs [For availability, soe AND CASCADES
N76 .2l619 ill.071 8 Satyaarrarvana lCambridge Univ. Enigland) In AGARD

A conipresaible nontlinear i ncdel for predictior of tiria flow Unsteady Pheroiririra Iin Tirorrtinariiirary Apr 1976 I 1 p
a, field of a c~ircurnfsirnfially dirtortertd Lorirpresur fruir been rtea (For avaiiability sone N70-25 19 t6-071

developed by using multiple parallel segmenerts end by accounting tan uisoltedarfiland Iouidiry layernduestoda wuas pesropagainpsth
for deviationa from undlstorted comipressor performantie. Theenioadarolado ifilincsadwsmaued it
model is ttppliroble to large amplitude finlet circumferential a hot wire anemotnriaer in a low speed gust tunnel. CoheroitI ~ distortions of fotal pressure and/ Or temperature, as$ Well if% iignals were obtuwnad by a phase lock averaging techniqtue thiat~~
circumferential Yariations of (atsttc pressure, with the restriction was implemented in an tin-liii airalymi using a PDP 1 2 computer.
that the circumferential extaint of the tisetortioin ia large relative Changes; in a boundary layer shape factor. noive loyal, end pressure
to circumferential blade spacing The distorted compressor stability gradienrt were correlated over a complete gumt cycle ftis concluded

j criterion Is based upon the limit of static pressure rise capability that the character of firia boeundary layer changes from lanrinar
fof a single dilitorted flow segment This modal requires the ico turbulent and brack to laminar during the course of a gust
undistorted perfornmance characteristics for each blade raw; cycle at certain choirrrwisu positions Those mteasuremennts help
however, a modified version babed upon the overell compressor explain certain arronrialles that were obserived during * previous
performance gives en accutate approximation when detailed blade atudy of the prossure flunctuatioris due to gust Icradingei on airfoils
tow characteristics aire not available. Authocr arid caseclads Author

N76-25`190 Motoren- und Turbineir-Union Mirenouhon G m.b H N76-25194 Air Force Asto Propulsion Lab.. Wright- Patterson
(West Germany). APB. Chic.
THlE EFFECT OF TUROULINT MIXING ON THE1 DECAY A CASCADE IN UNSTEADY FLOW
OF SIINUSOIDAL INLET DISTORTIONS IN AXIAL FLOW Franol% R Oiatdlk iii AGAF1C Unteriady Pirenonenen lit
COMPIRESSORS Turbomat;hinifry Apr 197ff 13 pi rasitIror avaitlability seii
H. Mokolko in AGARD Unstatsdy Phenoimena in Tutbomschinery N76-25f 69 16-071
Apr. 19781 30 p refs (For availability ant N70-26169 16-07) A low spend atmospheric irifet cascade wind tuinel was

A smalf perfurbation actuator dime theory lis presented for constructed to obtain a flew whinch has in sinnusoldaf variation in
this predfiction of the decoy of sinusouidal flow distortions in hihtow direction. A istaionary five blades cascade was held in a

high7.62 af 25.4 cm teal scation The wind funnel minlt. which included
r.hub til ratio axial cumpreteore with biloody. oiforoimferentlal inlet guide vanes, was furced tu oscillate bfy a imotor dhrivai r iuik

rn: klistribulirnn The theory suctiurtst for the turbufent mixing of about art axis transverse to tho uceecado thfi vanies guitlid thn
thI flow upstream e nd within the cornpriibor. LUsoy fitteeati sdflow along the IinstantAneOLiN eels Of ilia inta anti, thus, 7
Ctircumfereintial phase shift% of first. second, fourth and eighth eahievucl a variable flow direcfioii at anty rirescribed fraqundurry
order cosine wave pressure aridh velocity perturbation* are In the 0 to IS Hi range while tire flow inigitltrirte was itearlycalcuilaedr for equal amplitudes arid phases of thre four tosta constant. Each auifaco of thel center airfoil contalined ten platte:prosoure disturbancee upstreamr of tfrs compressor 1ha insutilsprsueat.Th isr fnutol;ovrm tofbh
are compared with interatge ftraverse date oibtained frorrt a prsurepors .we re pirat smsure n fluitauctyclic o ivertirari %habwll
4-stage axial flow compressor. A oomparisorm betwieein correspond. little dependlence on frequency or velocity 'liai prernalure fluctus.ing analytical results oibtainted fromr the same theory negloin flions doctreassd lIn ampiitucfr along fitia rihord orr thei preasure
viscosity and the experimenetal data a also performed. Itlls found surface and changed phase on ltre suction surfsoo near mid-chord
that turbulent mixing had little infiuence on the developmentt of The prossures on both surfactes wars adjutited fry slow mioving

ilira first order disturnbance but listt Ihe influence grows rapidly waves arid efioweil only a small chauirie lin phase angle withIas the order of thle disturbance increases. Authfor Increased frequency. Thes unsteady tprraturuu ih troiles etca in excellent
NS.S19 Naiorel eserrit Cuncl o Caada Otawaagreemient with theory nastr tire leauding odiltn Author

(Ontario). Meitc-haruiral Engineering Dlv 11711112510111 Generut Maoner Corp . Inianliapolis. rInd Detroit
I' ~~~~THlE RESPONSE OF A LIFTING FAN TO CROSEFLOW.DielAioni.

INDUED P~tAL LOWDISORTONSIRE UNSTEIADY AERODYNAMIC RESPONSE OF AN
Uwe W Schraub lit AGAIID Urnsteady Phenomenra in AIRFOIL CASCADE TO A TIME-VARIANT SUPERFSONIC
Turhomactrinry Apr 1976 14 P rlef (For availability too INLCT FLOW FIELD
N7B.-25t1i 18-071 Sanford Ploeate. Allein S Novick. andf Ronald E Rillel iii AGARD

LOuriiig trarteifion mrarneuvers troinr fan auppoittil to wing Untretady Phenomena in Turboiriaclriirry Apr 1976 14 p)
supporterd flighti VTOL lifting fstirs routinely aicrounmar extroraiely refs (Fo~r availability see IN70-26`169 16-07)
laige spatial crosafiuw c~lblrtiorra 1 he variation in fair perforitance CnuiF4607-065
arid the chraracteir of thes flow distortions responsible for this lot~i 4607-.0BThe* time depeindenrt aerodynamic cascadie pheniomeina relaterd
weriatlmn were eexplilrid epolrimetntrilly and on tirea basin; of a to the unsfeady pressure disturbance end varying rincidenrcei ri
!sirriplo analyticalt oa falfigtn.Ti nlwedei the cascade entrance flow field wore rivustuqirled over if r~rcncde
plans distortions Ili tfhis tnrodel wepre gnenorated bry piritntial flow inlet Mich number range of 1 53 to 1 83 with cohi~nsde etatrie
models. and the fanl through flow wes callculated on the basis pressure ratios of 1 15 to 1.47 Tire rairlia of tirea reduced firiquency
of an aiiita number of uliscrntli circumrferentiial fon segtments. varied from rMsPIKruseimty 003 to 0.12 The lynirairic data
The tiftling fail performance war, Ireadicted arid compared with obtained is presented Iin the formi of the amiplitude of the arrateady

eperinets over a wide range af transition condittions. arid It Is pesr n t hn i eeecdt hiscaaltasuii
:txpown tostwh~* II* rosillw cuse lage aicmfoenlalimmediately downstream of the vcrt~iiittirug weuije This dateroiiunifaimitifiu, the overall performrance becones seriously demonstrated the effect of the ranecrluco Iriritrmnricy. ranrwadu

deragrded only at large crosaflows andc large ton speeds. Author static pressure ratio. and thin castein ilueit Mach numrber err

cascade entranice flow field anid oin ithis pi esiurni aindittiiirtio
16-2S192* National Aeronautics arird Space Ad nitnist ration surfaces of one of ltre nocaea uadi rivaniced driaiivur tisrisouti

Amas Research Ciarrvariantofrett Field. Calinnfaifis ontr te Auli tho
P ~~~~~SOME CUFRRENT RESEARCH IN UNSTEADY Al RODYNAM-N7.SS etaleFrliirsoiViirrartllur

Turomchlley pt196 1 pvoe (oravalbiltyse 1UNSONIC AND TRIANSONIC CASCADES WKSO
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07 AIRCRAFT PROPULSION AND POWER

Ortwin Lawaczeck Ini AG AR Lt iriatiiry I'tirnorrrirsa in the rotational and irrotational velocity fields. Results of this analysis
Turbomnachinery Api 1 976 13 1) nti. (For avaiiijilalshy suit show a strong influence of mean loading on the unateady force
N76-26109 16-07) generated by the passage of a one dimensional gust through a

A flash of very short (11,1110tiuDSit so 'park lililit ciruice otigrtlrvi cascade of compressor blades Author
with a schlieren optics anrirrpririrsrtii. ruin toi liow that Ilia
wake flow behind tihe Waldes of itirfinir risi.iidos consists underN7250 TesAMUivColg Sttn Dp f
certain flow connlitions (if v Kaii~r voiiiur vIiii A rintithoi Aer-space Trgieearin Uivcoleettin Deto

is described to sistitntrtir Iso slrodrln(I Imluunclry tit tire vor~ticess AeNsTaeEA gineerLing NA ACD F TGEE

by evaluation of rnrciliereri Itictiirs By iihis w~iy ther crriiespiond~ingUSED Itl NACSAD FSA3EE

Strouhal numrber cani bit xrirptirlrr Author' BLADES IN SUBSONIC FLOW
8 M. Arso aird W P. Jones In AGARD Unsteady Phenomena
tit Trnrbomucliinery Apr 1976 10 p refs (For avaielahility see

N76-25197 Noval Suirfice Wctaporir. Ctne Dalcronrrr. Va N76-25169 16-07)
ON THE ANALYSIS OF SUPERSONIC FLOW PAST Tire JorimsMoorie numeirical lifting surfaceatechnique isapplied
OSCILLATING CASCADES to predlict the airiloado and rnionrerrronsi arr urfoil of a ostaggered
W R Chadwick. J K Buoll. rind M/ F i'Ir,' INnivir Pr.-;trlrd,,Iritn cascadeo of rotor blades in subsonic, flow Circumferential drotoriron
School) Ir AGARD Uristoarly primuiiirrriii, i, rr.(borurinuclwy duoe to inlet flow conditions is expressed as an inierblarle phase
Apr 1976 13 p resf iFor availability sou N76.2t369 16-07) tag and both cases of oscillating airfoils and oscillatory inflow

Supersonic flow past osucillatinig finiitei cunoifslrs wirfh sitibocnit; are considered. Results are obtained for several values of
leading edge locus is analzeri biy nrolving tIh trorlrirrear trwitsoriic. frequency, stagger angle, blade spacing, and interblade phase
small perturbation equationt .Jsag th ii irpliprl avIpproximaite itlag Author

cankining yIe -Hg nioteuthrr 1 
fof Iiarectniisutirii head irniaucir flow N76-25201 Virginia Polytechnic Inlet. and State Univ., Blacksburg.

fonied intob the ascade ' icofrpuaedcluritic thre inflrinc ofblade Dept. of Mechanical Engineering.
fied itothecacad i copued nd hr inluinc o bldoAN ON-ROTOR iNVESTIOATION OF ROTATING STALL INt

thickness on the aerrodynamnic presnurer dtisitribiutionrs is rluotrr nlnrd A XA-LWCMRI
Fot the single oscillating wedge tlire sulritictri oi in ginood aliuvmrrrt MN A.IASextOnW. COMPREn.SJR.anH.LMac nAA

wit Cerica eactsoutin aid t r foirri hu tiririblaesUnsteady Phenoimena in Turbomnachlnery Apr. 1976 10 p
exhibit a pronounced effect of btader thickness throughout the tref (For availablity see N76-25169 16-07)
lower frequiency range, which appears to be alleviated by lContract NOU014-57-A*0226-0006:; NR Prol. 098-038)
cascadinrg. For zero blade thickness, the linearizied characteristics Rotating stall Is an uunsteady phenomenon in axial flow
theory Is recovered. Sample cslcula,uoirs with this theory for compressors involving rapid pressure changes and lift variatione
complete cascade configurations are irs ricelirint agreement with on the rotait ng blades of the compressor. Measurements of the
recent results indicating the possibility of w:personlc torsional surface pressures on the rotor blade provide information to study
cascade flutter over a wide range of parameters. Author the variation of lift of the rotafting blade, and to Improve the

general understanding of rotating stall. Such on-rotor measaure-
mania require special pressure transducers, mounting techniques

NIC-25198 Stevens Inst. of Tech.. Hoboken. NJ. Dept. of and data transmission systems. A nmultichannel radio telemetry

PRELIMINic RY EniEering. FO IGEAROLRSOSystem was used In this Investigation to transmit simiultaneous

TOELINARGE ROPOESUTS FLOR SINGEARFOIL ESPOS pressure measurements from up to usi transducers mounted on
TO LRGE ONPTENTAL LOW I~rRBANESe rotating blade. Measurements were made on both the pressure

P. VJ. K. Parirmal ond F. Sisto /tt AGARD Urnsteady Phenomena and suction sides of the btade, at different span locations Rlesults
in Turbomachinery Apr. 1976 17 p refs (For availability see include rotor blade surface pressure measurements for compressor
N76-26 189 16.07) flow rates up to and Including tall. Pressure variations during
iContract N0OD1t4-67-A-0202-0016, NAi Pro). 004-393) the dynamic stall event were ouried to determine the lift time

The unsteady response of a flat plate airfoil to large variatione an the blade. Author
nonpotential flaw disturbances in the tornm of a translating
rectangular grid of eddy array is evaluated. A suitable stream
funrctioin to represent the traneslting nonpotantial vortex array is N76-252.02 Cambridge Univ. lEnglandl. S.R.C. Turboomachineny

achosen. The problem Is solved in two stages. nanraly. ausiliary Lob.
solution and time miarching sotution. By auxiliary solution Is moan' DETAILED FLOW MEASUREMENTS DURING DEEP STALL
the solution of the problem which completely neglects the presence IN AXIAL FLOW COMPRESSORS
of the wake vortex sheet and treats rime as a parafmeter: this Ivar J. Day In AGARD Unsteady Phenoameria In Turbounrachinery
results in a steady flow type of analysis. The time marching Apr. 1976 10 p rats (For availability see, N76-25 109 16-071

Part of the analysis increments time by equal steps startling Dtie esrmnshv enotie o h lwI

from zero time, makes usis of thre auxiliary solution, keeps track a stalled three stalie conmpressor of high hub tip ratio which Is
of the sheddi-ug and growth of the wake vortex sheet, evaluates operating deep In the rotating stall regime. Using high frequency
the unsteady response, and contirnues along with tine axis up transducers and a conditional sampling procedure made It possible
toriany specified maximum time limit. Preliminary numerical results bo obtain information o~n the detailed structure of the stall calis

frma computer pormare pentdAuthor and to prepare an overall picture of the flow field In the compressor-.
fromprogam pesened.The results of the. measurements show sanes new features whuch

are at variance with conventional Ideas about stall cells. Author
N76.25159

0  National Aeronautics and Space Administration.
Lewis Research Center. Cleveland. Ohio N76-25203 Von, Kerman Inst. for Fluid Dynamics, Rhode-Saint-
THE PASSAGE OF A DISTORTED VELOCITY FIELD Genese (Belgium).

THROGH CA~~AO OF IRFILSTHE PREDICTION OF THE ESNIAVIOUR OF AXIAL
John J. Adamczyk In AGARD Unsteady Phenromrerna in COMPRESSORS NEAR SURGE
Tsrbomachinsry Apr. 1976 1t p refs (For availability se N. Diner. 0. Adler, and J. Isenberg In AGARD Unsteady
N76-25169 16-071 Phenomerna In Turbomachtnery Apr. 1976 16 p rets (For

An analysis lies been developed to predict the unsteady availability, see N76-25169 18-07)
force and moment generated by the passbge of a timewise periodic a A new approach to the understanding of the problem of
total pressure distortion through an arbitrary cascade of airfoils unsteady behavior of axial compressors near surge is developed
the mathematical formulation of this analvsEi Is based on the This approach Is based on the stability analysis of the equations
assumption that the maginitudes of the timewise fluctuations of of motion, It takes into account the three dimensional character
hte variables which describe the flow field are smell compared of the ftow in an axial compressor. A numerical solution procedure

to their time average values. This assumption permits *he is described and its flow charts are given. Results of calculation
development of a linear unsteadly porturbetion analysis aujut aarcopedwtexrinsfrIocss.Temotne
steady flow field fin addition to this linearization assumptiomn the of some of the parameters influencing the phenomenon is
fluidl nriditrm is assumed to be incompressible and unviscld The dsusdAto
mathemiaticat development begins by decomnposirng the velocity dsusdAto
tield surroundling err infinite cascade of airfoits into its irrotfltionalh N76-260201 Advisory G roup for Aerospace Research and

rd rotational components The rotational component is associated Development, Paris (France).
wr -h err upstreerri unsteady total pressure distortion ond in defined MODERN PREDICTION METHODS FOR TURSOMAC94INE
in terms of the vorriciry field associated with thre distortion pattern PERFORMANCE
The irrotational component is further deccomposed into a steady Jun. 1976 164 p rets Presented assa lecture series at Munich.
t~nd unsteady pert A combined analytical find nrumerical procedure 14-16 Jun. 1976 arnd London. 17 1S Jun. 1976
tias beert developed to solve the field equations which govern IAGARD-LS-83) Copyright. Avail: NTIS HC $6.15
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The opening remarks are presented of a lecture series in DESIGN OPTIMIZATION AND PERFORMANCE MAP
which techniques for the prediction of turbomachine performance PREDICTION FOR CENTRIFUGAL COMPRESSOR$ AND
prediction were discussed. The topics covered in the series were RADIAL INFLOW TURBINES
propulsion and flight system simulation. compressor and turbine David Japikso /r AGARD Mod Prediction Methods for
performance prediction systems; design selection and optimization Turbomachine Performance Jun. 1976 15 p rsfs (For availability
of axial-flow fan and compressor units for engine application: see N70-26208 17-07)
computation of turbomschine flow fields: and, advanced propulsion The initial specification of compressor and turbine geometrysystem development. ASK. end performance characteristics, including operating maps. can

follow different paths depending on the degree of deparlure front
N17-212O9 Motoren- und Turbinen-Unlon Muenchen G.m.b.H previous design experience. Principal attention is focused on
(West Germany) totally new design problems requiring systematic design optimils.
AIRCRAFT GAS TURBINE CYCLE PROGRAMS: REQUIRE. tion to meet performance criteria inder diverse operating
MENTS FOR COMPRESSOR AND TURBINE PIERFORM- conditions The fundamental flow physics i.volved for both the
ANCE PREDICTION centrifugal compressor and radial inflow turbine ere briefly
K. Sauerfoind In AGA RD Mod. Prediction Methods for reviewed with principal attention focused on tIre strategy used
Turhomachine Performance Jun. 1976 12 p (For availability for selecting optimum siege configurations. The performance map
see P470-26208 17-07) is obtained from the final step of this design optimization

Typical design applications for an engine performance program exercise. Author
are shown. A characteristic structure is presented of a thermody-
namic engine model for steady state performance prediction. A N75-26214 Societe Nationals dEtuda at de Construction dr
technique for dotmrmk:: ig nond'menslonal engine performance Moteurs d'Avistion, Moliay.Cramayel (France). Dept. Thermody.
is derived from non-dimensional component performanceTechnique.
Compressor and turbine characteristics are also diacussed.A.S.K. CHARAmuTERIZATION OF COMPONENTS PERFORMANCE

AND OPTIMIZATION OF MATCHING IN JET-ENGINEN7E-26210 Iowa State Univ. of Science and Technology, Ames. DEVELOPMENT
COMPRESSOR AND TURBINE PERFORMANCE PREDIC. Ain U Hebrard In ATARD Mod Prediction Method. for
TION SYSTEM DEVELOPMENT: LESSON$ FROM THIRTYAliG ardIn GRDMdPectoMthsfrTAON SYSTEM DET ELO PTurbomachine Performanca Jun. 1976 19 p ryfs (For availability
YEARS OF HISTORY
George K. Serovy In AGARD Mod. Prediction Methods for see N78-26208 170?)
Turbomechine Performance Jun 1976 19 p rare (For availability Design and development of jet-engines require prediction
sea N76-25208 17-07) and later, characterization through test analusis of the performance

Methods are reviewed for prediction of aerodynamic perform- of the engine and Its components, Knowledlio of component
cheraoterlstict is generally synthesized in mathematical modelsance of aircraft propulsion system turbomshinierv configurations. which contribute highly to efficient design and development At

Progress is traced in the two classes of methods which can tie beginning of development (1.9, before first runs of prototype
predict only overall performance characteristics or maps. These engines) odel eoeit baed on rstirets on ritotengines) models are essentially based on estimates and rIg testmethods were conceived at least thirty years ago and are not results. Problems are then encounterod when engine test results
only used, but continue to be the subject of research today. are compared to prediction. Methods using engine teat analysis
Prediction methods which Include flow field definition In the to identtfy component operating oharactertics as installed in
blade pissages of compresors and turbines re A described, the engine and leading to models more representative of

Author serothermodynamic behavior of engines, are presented. Such

N76-.2211 Rolls-Royce Ltd., Derby (England). Compressor -ondels appear to be very useful tools during the various phases
Research Dept. ot developmert. Application and coordination with tests are
AXIAL FLOW COMPRESSOR PERFORMANCE PREDIC. discussed and particularly relative matching of components end
TION control schedulri• opt-mizatlon. Author
R. A. Wall In AGARD Mod. Prediction Methods for Turbomechine
Performance Jun. 1976 34 p (For availability see N76-26208 N76-26215 Defence Scientific Information Service. Ottawa
17-07) (Ontario)

Owing to the nature of axial flow compressors, perfoirTance BIBLIOGRAPHY ON MODERN PREDICTION METHODS
prediction Is characteristically difficult to achieve by theoretical FOR TURSOMACHINE PERFORMANCE
analysis, and therefore recourse to gross empiricism, laced with A S. Reeves It AGARD Mod Prediction Methods for
theory. is fundamental to methods employed, Factors determining Turbomnachine Performance Jun. 1976 31 p (For availability
the performance requiremerts of compressors, and the physical see N76-26208 17-07)
mechanisms which control their ability to satisfy these require- A bibliography is presented on numerical techniques for
mants. are discussed to expose the nature of compressors predicting the performance of tutbomachines. Topics include
Compressor design optimization Is described to illustrate how boundary layer methodu. axial flow compression, turbine blades.
effective compromise can be achieved between design point damping factors and modem engine design concepts A.S.K.
performance and various off-design excursions demanded by
turbomachine performance. Typical performance prediction
methods which reflect the nature of compressors and quantify
their performance characteristics, are described with some
reference to the Influence of engine environmental factors.
Potentiul developments are discussed which could influence the
type of design employed In future engines. Author

N76-26212 Dynetech R/D Co.. Cambridge, Mass. Engineering

Mechanics Dept.
FLOW FIELD AND PERFORMANCE MAP COMPUTATION
FOR AXIAL-FLOW COMPRESSORS AND TURBINES
Richard A. Novak In AGARD Mod. Prediction Methods for
Turbomachine Performance Jun 1976 27 p refas (Fo, valability
see N76-26208 17-07)

The current research emphasis on two-dimensional computing
schemes, and upon the compressor rather than on the turbine.
in not the result of bias. Currently. rapid progress is being made
on the implumentation of quasi-thtree-dimeniional techniquos.
Computing techniques whose objective is to define the detailed
flow field within a blade row are described. The problems
associated with axieymmetric performance computation for the
asial turbine are also discussed. The discussion and development
of the system is in the context of axial compressors. Author

N70-26213 Creere, Inc. Hanover, N.H. Fluids/Thermal
Engineering Div.
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08 AIRCRAFT STABILITY AND CONTROL

08 AIRCRAFT STABILITY AND J. Angehnl In AGARD Active Control Systems for Load

CONTROL Alleviation. Flutter Suppression and Aide Control Mar. 1974
p 49.56 In FRENCH. ENGLISH summary (For availability see

Includes aircraft handling qualities; piloting: flight controls; N74-25550 15-021

and autoplilots A technique for defining an active control system to stabilize
a multiple degree of freedom coupling of modes on an aircraft
is preoentad. This technique modifies only the value of the unstable
root of the characteristic equation and keeps unchanged the

N74.25550# Advisory Group for Aerospace Research and corresponding elgen vector end the other generalized characterls-
Development, Paris (Francel. tics Considering this property, it Is hoped that this inithod leads
ACTIVE CONTROL SYSTEMS FOR LOAD ALLEVIATION, to the least possible interaction with the system. Author

FLUTTER SUPPRESSION AND RIDE CONTROL
Mar 1974 77 p refs N74-25555 Messerschmitt-Boelkow.Blohm G.m U H Munich
(AGARDograph-175. AGARD-AG 1751 Avail. NTIS HC$7.00 NW,5st GermanB

Papers are presented which were celected to define the ACTIVE FLUTTER SUPPRESSION ON WINGS WITH
present status of industrial applications of active control technology EXTERNAL STORES
in reducing loads on modern aircraft, and the future potential of G. HeidI. A. Lota, and 0. Seneburg In AGARO Active Control
acti..e control for sircraft flutter suppression. For individual titles, Systems for Load Alleviation, Flutter Suppression and Ride Control
see N74-25551 through N74.25555. Mar 1974 p 57,76 refs (For availability seo N74-25560

15-02)
N74-25551 Lockheed.California Co.. Burbank. A control system Is described, which Is able to suppress
EFFECT OF YAW DAMPER ON LATERAL GUST LOADS flutter of wing-external store combinations. The aerodynamic
IN DESIGN OF THE L-1011 TRANSPORT flutter suppression forces are generated by movable vaires,
Frederick M. Hobllt In AGARD Active Control Systems for attached to the stores, which are moved by a feedback signal
Lond Alleviation, Flutter Suppression and Ride Control Mar from the store motion in such a way, that these forces damp
1974 p 1-10 tsle (For availability see N74-25550 15-02) the store motion. By adjusting the phase of the servoloop it is

In the design of the L. 1011 transport, the reduction lateral p-ti,,le to have an active flutter-syslteim below the flutter-speed
gust loads. in continijous turbulence, due to the presence of a of the passive syatem. This arrangement can be used to excite
yaw damper was reflected in the limit design loads, The resulting the flutter-mode at subcritical speeds By switching off the
load reduction was about 27 percent In establishing the limit servoloop, damping and frequency can be evaluated the active
design loads, both the mission analysis and design envelope flutter suppression system can also be used for reducirg the
forms of continuous turbulence gust loads criteria were used. level of externally foriwed vibration on stores which could occur
Account was taken, under both forms of criteria, of the fraction through excitation by buffet or gusts. Tests results for an elastic
of time the damper might be inoperative. The effect of saturation wind-tunnel model are given and compared with analytical
of the damper at the limit-load level was also taken Into account. predictions. Correlation is very good, considering the complexity
This effect was determined by means of time-history analyses of the problem. Author
in which the input was a random gust velocity and the rudder
angle limits lgoverred by available hinge moment) were included
in the simulation Author N74-30430# Advisory Group for Aerospace Research and

Development, Paris (France).
N74-25552 British Aircraft Corp., Fiitoan(Ergland). Commercial THE TREATMENT OF INTERACTION OF HANDLING
Aircraft Div. QUALITIES, STABILITY, AND CONTROL ON STRUCTURAL
THE EFFRCT OF ACTIVE CONTROL SYSTEMS ON STRUC. LOADS MY CURRENT SPECIFICATIONS Summary Report
TURAL DESIGN CRITERIA Clifford F. Newberry (Boeing Co.. Wichita. Kans.) Jun. 1974
N F Herpur In AGARD Active Control Systems for Load 15 p refs
Alleviation. Flutter Suppression and Ride Control Mar. t974 (AGARO-R.621) Avail: NTIS HC $4.0O
p 11-22 refas For availability see N74.26550 15-02) Aircraft structural loads arise not only from such sources ins

The design criteria for fixed wing aircraft are considered in maneuvers, landings, gusts end taxiing, but are developed and
relation to the active control systems The reduction of static influenced by aircraft handling qualities, stability and control
design loads, enein failure and surge loads, gust loads, and characteristics. The t ., ucture, the aerodynamics, and the control
fatigue design loads are discussed Florg with the Improvement system are jointly clunsidered to evaluate the capability to solve
of flutter characteristics F 0.S. the interaction problem. Usage and adequacy of existing

specifications are considered Factors which influence the decision
to use advanced control techniques and analytical studies and

N74-255B3* National Aeronautics and Space Administration. tests to insure technical integrity are explored. Author
Langley Research Center. Langley Station, Va
STATUS OF TWO 'rUDIES ON ACTIVE CONTROL OF
AEROELASTIC RESPONSE AT NASA LANGLEY RESEARCH N74-31429§ Advisory Group for Aerospace Research and

CENTER Development. Paris (France).
lIvmg Abel and M C. Ssndford In AGARD Activit Control Ar'VANCES IN CONTROL SYSTEMS
Systems for Load Alleviation. Flutter Suppression and Ride Control May 1974 313 p rtfs In ENGLISHt partly in FRENCH Conf.
Mar. 1974 p 23-48 refs (For availahility see N74-25550 Presented at 17th Meeting of the Guidance and Control Panel
15-02) of AGARD, Gello, Norway, 24-26 Sep. 1973
CSCL 01B (AGARD-CP-137l Avail: NTIS HCS1S.7.

The application of active control technology to the suppression The proceedings of e conference on control systems for aircraft
of flutter was successfully demonstrated during two recent studies control, engine control, and automatic pilots are presented. The
in the Langley transonic dynamics tunnel. The first study involved subjects discusced include the following: tiI applied control theory.
the implementation of an aerodynamic-energy criterion, using (2) control system performance optimization, t3) control system
both leading- and trailing-edge controls, to suppress flutter of a architecture and reliability, (4) application of advanced control
simplified delta-wing model. Use of this technique resulted in systems, and (5) integrated flight control end operaLions. The
an increase in the flutter dynamic pressure of approximately characteristics of control systems for specific types of aircraft t
12 percent for this model at a Mach number of 0.9. Analytical are analyzed. 'The development and application of fly by v.ire
methods used to predict the open- and closed-loop behavior of techniques are reported. The use of computers as anr aid to
the model are also discussed. The second study, which is a flight control system design is esplined. For individual titles.
joint effort with the Air Force Flight Dynamics Laboratory, was aee N74-31430 through N74-3 1/157.
conducted to establish the effect of active flutter suppression
on a model of the Boeing B-52 Configured Vehicle (CCV). Some
preliminary results of this study indicate significant improvements
in the damping associated with the critical flutter mode. Author N74-31430 Systems Technology. Inc.. Hawthorne. Calif.

A HISTORICAL PERSPECTIVE FOR ADVANCES IN PLIGHT
N74-25554 Office National d'Etudes et de Recharchas CONTROL SYSTEMS
Aeronautliques. Parla (France). Duane McRuar and Dunstan Graham In AGARD Advan in
FLUTTER CONTROL BY MODIFICATION OF AN EIGEN Control Systems May 1974 7 p refs (For availability see
VALUE N74-31429 21-02)
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08 AIRCRAFT STABILITY AND CONTROL

A brief history of the investigetions into tf'• nature of aircraft of attempting to combine them into a single scalar criterion, as
control and stability is preeented. The activities of maity investiga- is usually done), and the design proceeds through a sequence
tore are examined and some of their accomplislhments sre cited, of nonlinear programing solutions in which the designer varIes
The historical eras are divided into the periods of 1990 to 1934. the specification of sets of requirements levels The mellhod is
1934 to 1947, and 1947 to the present. Examples of stability applied to design of a laterel stability augmentation system ISAS)
developments for specific aircraft are cited. Author for a fighter airplane, in which the requirements vector is chosen

from the officiel handling qualities specifications. Results are

N74-31431 Office of the Assistant Chief of Staff Air Force). shown for several simple SAS configurations designed to obtain
Whn to. Office o tdesirable handling qualities over all deslgn flight conditions with

Washingtonr. 0 C minimum feedback geins. The choice of the final design forTHE DIGITAL AIRPLANE AND OPTIMAL AIRCRAFT mnmmfabkgisT•coc flfnldmg o

GUIDANCE each case is not unique but depends on the designer's decision
Allen D Dayton In AGAtD Advan in Control Systems May as o0 which achievable set of requirements levels represents the

1974 14 p refs IFor aveilabiliity see N74-31429 21-02) bell for whht systcm. Reclts idicate that it sfy be possble to

The use of optimal flight path guidance for aircraft in design coheret parameter SAS which can satisfy the most

sistlfying varnous military ard civilian mission requirements Is stringent handlinU qualities requirements for fighter airplanes in
The and omake all flight conditions The role of the designer as e decslion maker.

dimul Tlcrhe concepts. systh ems.ande fasleorirhlnswhi Th make interacting with the computer program, Is discussed Advantages
digttal airplcne which is based on a largl digital The of this type of designer.computer Interaction ore emphasized.
di.dgital andalne w hc e sensors, lad display cymtema t Desirable extensions of the method are indicated Author

used no 'an ealmple. 7he development of the methodology and

algorithms for directing the aircraft is investigated. Author

N74-31435 Air Force Avionics Lab., Wright-Patterson AFB.

N74-31432 Notges Tokniske Hoogskoll•, Trondheim. Ohio.
IOMI INTIGNITY PROBIEMS IN OPTIMAL CONTROL A DEI1ON PROCEDURE UTILIZING CROISFEIDS FOR

iYnTIMI COUPLED MULTILOOP SYITEMS
Ole A. Solhaimin In AGARD Advan, in Control Systems May Paul 9. Ballel and A, E. Curry (MIT, Cambridge) in AGARD
1974 10 p refs (For availability see N74-31429 211.02) Advert. in Control Systems May 1974 10 p refs (For availability

A multivarlr~bl feedback control system Is defined os being see N74-311429 21-02)of high integrity If It remains stable under failure conditions. A frequency-domain design procedure for decoupling multi-

Integrity problems encountered In optimal control systems are input, multi-output systems Is described: the frequency domain

investigated. Two types of fsalure coaluitions ore cornildered, has the advantage of providing Insight and ease of satisfying
namely actuator failure and sensor failure. As to th• structure specifications that are difficult to mIet with state-apace methods,
of the control system. a linear feedback low with feedback from A design procedure for a two-input, two-output system without
all the state variables is considered. Systems with state estimators croisfleds is presentod first; croasfeeds are then Introduced to
are also dealt with, The Integrity problem is discussed based on altar the open loop dynamics, and the design procedure is applied
the migenvalues of the closed-loop system. Some deslgn to the modified plant. The constraints on the choice of crosefeedi
procedurea are suggested. Finally. some numerical results are are discussed. Extension to a two-input, throe-output system Is

presented. Author made when one of the outputs is dominated,by another; guidelines

for uhoosing the croslfeeds are given. This procedure is applied

N74.31432 Bodl~snewerk Garaetatechnik G.m.b.H.,Utbr•rllngsn to design a lateral cruise control system for the space shuttle

(West Germany) orbiter- exact docoupling with crossfoeds results in excellent closed
APPLICATION OF MODAL CONTROL THEORY TO THE loop responsm. Author

ONSION OF DIGITAL FLIGHT CONTROL SYSTEMS
Ulrich Hartmann In AGARD Advan. In Control Systems May
1974 21 p refa (For availability soe N74-31429 21-02)

The design of digital fligiht control systems is substantially N74.31425 Noiwegian Defunce Rearch Establishment, Kieller
simplified by using modal design methods. The theory of modal Div. for Elictronics.

design is based on a state apace description of the control CONSTRUCTION OF SUBOPTIMAL KALMAN FILTERS BY

system. For a desired pole distribution of the control system PAI'9RN SEARCHthis theory directly provides a gain rmatrix for the feedback of Nils ChristophersCn and TrulH Longo-Nlson In AGARD AdvHn.

the state variables Due to the fact that ell state variables are in Control Systems May 1974 6 p rots IFor availability see
not always available, the problem of estimating non-measurable N74.31429 21-02)
state variablas arises. Far solving this problem the theory of 3 t1ho d tA systematic method for the optimal determination of
observers can be used. it shows however that an observer is paramaters in suboptimal Kalman filters is presented. Such
Srrot In a posItion to providie without adaptation usable estimated simplified filter& are frequently necessary in order to implement
values of the issling stata variables for the complete flight a Kalman filter on a small special purpose computer. In order
range. For solving prectlcal design problems a minimum order to optimize the performance of theas filters. e parameter

observer Is therefore particularly suitable as it is genrarally easier olptimization problem may be involved. The method of solution
to obtain programmable approximation laws for the small number is a modified version of Hosanbrock'a pattern search This is a
of parameters of this obseiver. It was further attempted to direct search. permittmig a very wide class of performance
circumvent the estimation prob~lem by the followirng means: It) measures not irncessarily analytical in naturs. The example given
aimplifiestion of the state equstions to eliminate non-measurable
state variables, (2) transformation ol the state vector enc. l. is the determination of t huboptimsl filter for a hybrid marine
appropriate selection of the desired pole distribution. it showed navigation systam with thirty state variables Author
that in this way a prompt and direct design of discrete-time
flight control syslores is possible. Two examples are used to
demonetrats the results of sinulations and flight taste: The
design of a pitch attitude control system and a rail/yaw control N74-31437 Singer Co., Little Falls. N.J. Kearfott Div.
system for a STOL aircraft. Author USE OF ADVANCED CONTROL THEORY AS A DESIGN

TOOL FOR VEHICLE GUIDANCE AND CONTROL
P. M. Brodie In AGARD Advan In Control Systems May

N74-314340 National Aeronautic& and Spsce Administration. 19?4 10 p IFoir availability see N74-31429 21.02)

Langley Research Center, Langley Station, Va. IContract F08635-71 .C-0227)

COMPUTER-AIDED DESIGN OF CONTROL SYSTEMS TO A tschnique is demonstrated which psrinits thi numerical

MEET MANY REQUIREMENTS solution of the linear optimal regulator problem to be used as a
A. A. Schy. W. M. Adams, Jr.. and K. G. Johnson In AGARD generalized design tool. In particular this technique affords
Advan In Control Systems May 1974 7 p refs (For availability simplification over the usual frequency domain methods for high
see N74.31429 21-02) order Wuldance and control systems while retaining compatibility
CSCL OIC with the frequency domain especially for stability analysis. In

A method is described for usihg nonlinear programing in addition to making a more rapid solution to the design problem
the computer-aided design of airplane control systems It is possible, the structure of the optimal controller lends Itself to
assumed that the quality of such systems depends on many the combination of the guidance and control problems Into a
criteria. These criteris are Included in the constrairts vector (Instead single optimum or best solution. Author
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ii:N74-31431 Norges Tekniske Hoegelrole, Trorndheim for and the principles of the variable gain control policies are
OPTIAL ONTOL O STCHATIC YSTMS ITHoutlined. The principles of flight evaluation methods employed

UNSPECIPIED TERMINATION TIMES with the control system tests ate Included. Author
Roll Henriksenr In AGARD Advan in Contrul Systems May
1974 10 p refs (For availability one N74,311429 21-02) 0674.31443 Honeywell. Inc. Minneapolis. Minn

4 4A game-theoretic approach to optimal control problems of A PLY-BY-WOIR PLIGHT CONTROL SYSTEM FOR DECOU-
dlscrele-tim s tochastic systems with unspecified termination PLID MANUAL CONTROL
times is presented. In somewhat the aome sense as vtochastic A. J. VanDierendonck. K. Bassett (AFFOL). and E. E. Yore In

systems with fixed termination thimes may be regarded as a AGARD Advan. in Control Systems May 1974 7 p ref (For
kind of single-experiment (foied sampiesizal games, stochastic availability see N74-31429 21.02)
systemso with unspecified terminartioii limes may be regarded as (Contract F33815.72-C-t2688
a kind of sequential gamnes. A major part of the paper is devoted A eight line autopilot (SLAP) was designed tor thre AC-130
to the synthesis of Reyes control policies for truncated control Gunship to Improve the gun pointing ability This paper presents
processes, a term which ius quits anaiogous to truncated sequential the unique design procedure end development philosciphy that

41gkmes Two simple examplesrarer given Author was used, It emphasizes the paculiarities of this weapon delivery
concept, the problem areas and the results of the design

44N74-31439 Royayl Aircraft Estabilehineont, Forrtborciugh (Englund). Multi-axes coupling. digital computer control, available measure-
Avionics Dept. rnents, and optimistic performance requirements prompted the
FLIGHT CONTROL SYSTEM DEVELOPMENT IN THE UK use of modern control design techniques. Optimal control laws
0. Kimberley and P. WN. J. Fuilait In AGARD Advan. in Control were generated for all modes and submodas. No classical analysis
Systems May 1974 13 p refs lFor availability see N74-31429 was performed Proportional- plus- integral control was included
21-021 to reduce nonlinear effects Both linear and nonlinear simuilaion4

The development of automatic flight control systems in the results verified that the autopilot met the optimistic performance
U.K. Is described. Military and civilian applications of control requirements in spite of poor performing serve. ctuators, which

4system development are repornted. The requirements of a control limited the bandwidth of control low*. More recently. ground
systemn are defined with respect to mission performance. system and flight tests have been performed Authior
Integration. similar raduridenuf, and control actuatiorn. Specific
examples of control insalalation and flight test results are Included.
The flight teat results Indicate that a full time fly by wire system
is feasible and represents a prerequisite to system exploitationN7-14 botirCeradeTlcnuicin.Prs

A Iin the form of suchl concepts as control configured vehicles-.7-14 aosor etald eeomnctos ai
Author (France).

14 DEFINITION AND SIMULATION OF A DIGITAL FILTER AND
N744140 Aronutial ystms lv. WrghtPatersn AE.PILOT DEVICE UTILIZING MODERN DESIGN TECHNIQUES

Ohio. ernuia SsesDv. rgt-atesnAS OP' FILTRATION CONTROL LOIPINITION IT SIMULATION
Ohlo.DUNE BOUCLE DIGITALE DR PILOTAGE DINOIN

P-15 EAGLE FLIGHT CONTROL SYSTEM OUT'ILISANT LEI TECHNICIUES MODERNES$ DE ILTRAGE
Edward H. McDonald In AGARD Advan. In Control SystemasTD OMNE
May 1974 8 p (For availability as* N74-31429 21-02) C. A. Dormon and H Eusen In AGARD Advan. in Control

The high performance demands of the flight control systems Systems May 1974 13 p refs In FRENCH (For availability
of today's fightir type aircraft normally are associated with see N74-31429 21-02)
undesirable complexity How this complexity was minimized, the Modern optimal control techniques used to define and simulate

4.hardware solution to historical design problems. and how the digital filters for pilot devices aer discussed, Noise measurements,
solution evolved are discussed. A narration Includes the pro' system dynamics, and physical properties of the device are
hardware design phase during which time exhaustive simulator examined. Tronai. by E.H.W.
analyses were made. The unique Integration of flight controls
with other aircraft systems Is revealed &long with limited
performance and test results. The more significent subcompo. 7-14 dioyGopfrArsaeRsac n
nenlts/systems are separately addressed; namely the automaticN7314 AdioyGupfreosaeRercan
flight control system, the stabilator actuator, and the control Development. Pario (France).
stick boost arid pitch compensator package In conclusion, overallANEPRM TLIVSIG IO ITOD LX
salient capabilities are enumerated which substantiates the existing DIGITAL CONTROL OF AN ENGINE WITH REHEAT
high confidence level relative to the system. Author J. F. 0. Evans and K. A. Helps In1 its Advert In Contiol Systems

May 1974 14 p (For availability asee N74-3 1429 21-02)
The applicationt of cross- monitoring computers with a

N74-31441 Thomson-CSF. Isay lea Moulinsaux lFroncej Groupe hydromechanical back-up system to control a P.B. 50 let angina
Optronique do Is Div. is discussed The choice of a digital contiol system wae based
NEW CONCEPTS OF VISUALIZATION FOR AIRCRAFT AND on the comiplexity oi modern engine control requirements
SPACE SHUTTLES INOUVEAUX CONCEPTS Of VISUAL- especially at the reheat end of the system Total hydromechani-
ISATION POUR AVIONS ET NAVETTES IPATIALIE! c at control without the computer results In complexity and
M. Couseediere In AGARD Advan In Control Systems May increased costs. The digital system is well suited to the functions
1974 9 p In FRENCH (For availability see N74 31429 21-02) of scheduling. decision making, tlme-voryinq paraemters. and

Instrumentation systems adaptable to aircraft and space noirilneerily conditions. The features of the digital equipment in
shuttle visualizatcion concepts are reported The systems considered high integrity systems are analysed. The basic control system
include head-up displays, electric attitude direction Indicators. and the reversionary mode of the system are examined. The

4.electric horizontal situation indicator, engine diaplay, multi-function results of performance tests using the computer controlled system
display. and radar visualization meters Simulation resulta and are reportad. Author
possible advantages of these systems over conventional ones
atre discussed. Transi. by E HI/V

N74-31446 Boeing Commerciaol Airplane Co. Seattle, Wash.
APPLICATION OP REDUNDANT DIGITAL COMPUTERS111 TO
PLIGHT CONTROL SYSTEMS

N74-21442 Royal Aircraft Establishment, Fornborough (England). R. L. Schoenman In AGARD Advan. in Control Systems May
Controls and Displays Div 1974 13 p (For availability isee N74-311429 21-02)
ON THE DESIG3N AND EVALUATION OP PLIGHT CONTROL The upai. operations, and failure modes of a redundamt digital
SYSTEMS system for aircraft control are diacussed. Emphasie Is placed on
F. R. Gill In AGARD Advan. In Control Systems May 1974 the flight critical aepects such as automatic landing, command
113 p refs (For availability see N74-3 1429 21-02) augmentation, end fly by wire control. The rationale for Detecting

An analysis of flight teat reaults of control systems for fiijhter digital flight control systems is explained. Specific application of
and transport mireraft is presented The systems under consider- digital flight control systems to the supersonic transport aircraft
etion employ conventional linear control policies with the design is analyzed. The system topics which are affected by the digital

-. being based on a parameter optimization techinique The system are (1) effect of cross-channel voting on reliability. 12)
4,two modes twhich are discussed are a pitch rate maneuver cross-channel voting mechanization, (3) input-output interface.

demsnd sysatm for the fighter aircraft arid an ILS glide path and (4) the effect of actuator configuration Block diagrams are
and flare system for the transport aircraft. Studies to replace included to show the interrelationships of the computer signals

-1linear control by variable gain policies era dtiscussed The reasons arid components. Author
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N74.31447 *odenlewetkh Georaotetechnik G.mb.H.. UobeIllngen A digital fly-by-wire flight control system was designed, built,
(West Germany) end for the first time flown in en airplane. The system, which
REALIZATION AND FLIGHT TEETS OF AN INTIGRATID uses components from the Apollo guidano system, is Installed
DIGITAL FUGHT CONTROL SYSTEM in an F-6 slrplane as the primary control system. A lunar module
Robert K Zach In AGARD Advan. in Control Systems May guidance computer is the central element in the three-axis,
1974 20 p role PFo availiability see N74.31429 21.02) singlo.channei, muitlmode. digital control system. A trlplsx

The Introduction of digital computers Into modern aircraft electrical analog system which provides unaugmented control of
control systems for the Integration of all the functions in a complex the airplane Is the only backup to the digital system Flight
automatic flight control system Is discussed. In order to realizs results showed highly successful system operation, although the
such practical systems economically. the functional requirements trim update rate was inadequate for precise trim chenges, causing
for the computer and interface wets first derived by the analysis minor concern. The use of a digital system to implement
of the tasks and by the hybrid simulation of the functions, whers conventional control laws proved to be precticel for flight. Logic
the aircraft and actuators were simulated on an snalog computer functions coded as an integral part of the control laws ware
and the AFCB on a general purpose digital computer. Based on found to be advantageous Although software verification required
these requirements, a free programmable in-flight simulator was extensive effort, confidence in the sohware was achieved
designed, built and flown In the test airoraft. This equipment is Author
compatible with the laboratory hybrid simulation equipment. The
In-flight simulator allows experiments of different control laws,
end was used to chock and prove the required control form for N74-31451 Deutsche Forechungs. und Versuohasnotalt lusr
a special digital system developed for flight control. As Is shown. Luft- und RAumfahrt, Brunswink (West Germanyl.
this latter system fulfills all the functional requirements and DIGITAL FLY.BY.WIRE CONTROL SYITEM WITH GSLF.
Consists of a small digital computer. an Interface for signal DIAGNOSING FAILURE DETECTION
conversion and a pilots control panel. All functions of a modem R. Onken, H. P. Joenck. L Tacka, and M. Gottschlich fit AGARD
APCS, such as stabilizer, automatic approach, automatic landing Advart. in Control Systems May 1974 7 p roef (For availability
and other autopliot functions as weill a preflight and Inflight see N74-31429 21-02)
tests were integrated, by programming the semiconductor A solution is presented to the problem of achiaving real
mermory. The flight trials of thil system In the test sircraft fail.sIe behaviour for fly-by-wire systems, no longer depending
showed the satisfactory functioning of the system over the whole on the reliability of the monitor/voter device and the pfrobabiliyi
aircraft flight envelope. The good control characteristics were of the occurrence of dormant errors. This is accomplished by
confirmed with the measured responses in flight. Author the use of stand-by redundancy in conjunction with selfdlagnoling

failure detectlan which is independent of the control signal stat.e
Each redundilnt unit Is autonormus with respect to the failure
detection, such that, depending on the Inspection rate, perfect

N74.31411 LTV Aerospace Corp., Dallas, Tax. Systems Div. information about the reliability status of the system, Including
APPLICATION OP DIGITAL FLY.EY.WIRE TO FIGHTER/ the failure detection Itself, is available at any time. The feasibility
ATTACK AIRCRAFT of this approach Is demonstrated by the fly-by.wire system which
Ryland A. Baldwin In AGARD Advan. In Control Systems is Installed and successlully flown in 4 HFl 320 let aircraft.
May 1974 10 p refs (For availability see N74.31429 21-02) Author

Some of the benefits to be derived from digital fly-by-wire
flight control sysrems applied to atrack/fighter aircraft are N74.31452 Air Force Flight Dynamics Lab., Wright-Patterson
presentod. An integrated stability augmentation system and control N414 Aion
augmentation system mechanization is described. Design criteria AFB. Ohio,
are reviewed and trade studies that were made to establish the 3-52 CONTROL CONFIGURED VIHICLIE PROGRAM

proper level of redundancy are described. The resulting quadruplex R. P. Johanres and G, 0, Thompson /I AGARD Advan, in

system'ronfiguration is presented showing Interfa•es with digital Control Systems May 11974 W0 p raft Prepared in cooperation
processors. Computer studies undertaken to support selection of with Boeing Co. (For availability see N74.31421 21-02)
the proper digital word length and Iteratlon rate are summarized. A test program to evaluate the control confligued vehicles

and the effect of variations of these parameters upon system (CCVi program is discussed. The purpose of the program is to

performano Is shown. A brief description of the data handling valldate achievable results of the CCV system concepts on large
system and the computer requirements are inciudld along with flexible ircraf, such a the 1.52, The four concapta which are
a block diagram summarizing the Integrated system. Performance involved In the flight teat are: (I) ride control, (2) flutter mode
of the digital flight control system is compared to that of the control, (3) maneuver load control, and I4) augmented stability.
analog system now in use In the A-7 aircraft. Open loop test The potential benefits of the CCV concept and the results of
data of a laboratory test configuration in which aircraft control the ride control system flight tests are lnalyced. Author• laws are programmed are given. Author

r N74*314g3 National Aerospace Lab.. Amsterdam INertherlandl).
FLIGHT EXPERIENCE WITH AN EXPERIMENTAL ELICTRI-

N74-31449 Merconi-Elliott Avionic Systems Ltd., Rochestsr CAL PITCH.RATI.COMMAND/ATTITUDE-HOLD PLIGHT
(England). Flight Controls Div. CONTROL SYSTEM
THE DESION AND DEVELOPMENT OF THE MRCA H. A. Mooil In AGARD Advan. in Control Systems May
AUTOPILOT 1974 8 p role (For availability "s N74-31429 21-02)
D. I. Jackson and J. M. Cornry In AGARD Advan in Control The introduction of electrical primary fNight control systems
Systems May 1974 11 p (For availability see N74-31429 makes studies in many aspects of their application highly desirable.
21-02) One important aspect is the development of handling qualities

"The design and development of an autopliot end a flight criteria as a guide for system design. To this and an o tperimentAl
directur system are described. Emphasis Is pieced on the problem pitch-rate.command/attitude-hold flight control system installed
of s,•suring flight safety in the low altitude autopliot modes, in a Seechoraft Queen Air-S0 was used in two flight research
The subjects considered era: (1) design philosophy. (2) system programs. Results of these programs are discuased in this
configuration and control. (31 hardware development, and (4) paper The first program is related to pilot workload reduction
software Implementation. The system is designed to provide for the soft execution of two-segment nolsoeabetement ap-
automatic control of the alircraf In putch and lateral planes in a proaches. The other program is aimed at In-flight determination
variety of operating modes. A flight director Is Included which of pilot-lircrsh system performance as well as pilot describing
provides signals to the pilot's instruimrents to enable the pilot to function and remnant information. Author
monitor the autopilot performance and to use the signals for
flight path guidance if an autopilot mallunction occurs. Author N74-31454 Bodanrsework GoerOtettchnilk G.m.b.H, Usberlingen

(West Germany).
INTEGRATED FLIGHT CONTROL SYSTEM FOR STEIP

N74.31450* Nationsl Aeronautics and Space Administration APPROACH
Flight Research Center. Edwards. Calif. Gunther Schlonizer and Hartmut H. Soehret In AGARD Advan.
DESIGN AND FLIGHT EXPERIENCE WITH A DIGITAL in Control Systems May 1974 12 p refs (For availability see
PLY.BY-WiRE CONTROL IYSTIM IN AN P-8 AIRPLANE N74-31429 21-02)
Dwain A Daeas and Kenneth J Saslal In AQARD Advan. In The approach of extremely short runways aurrounded by
Control Systems Msy 1974 10 p refa (oar availability see high obstacles has to be made on steep and curved approach
N74-31429 21-02) profiles. The flight path and the aerodynamic flow condition
"CSCL 0IC have to be controlled more accurately as compared with
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conventional approach procedures. The resulting problems Jun. 1975 242 p refs Presented at the Flight Mach Paenl
concerning Mlight mechanics and control will be discussed and Specialists Meeting. Rhode Saint Geness, Belgium. 18-21 Nov.
the requiremeints far an integrated flight control system will be 1975
derived. The characteristics of a sub-optimal flight control system (AI3AFD-CP. 1991 Copyright Avail NTIS NCS58 0
controlling the flight path and the aerodynamin flow condition Stall/spin aspects of aircraft design are discussed in relation
via elevator and throttle with limited srtate* vector feedback will to tlia high angle of attack problem. For individual titles, see
be demonstrated by simulation- and flight tests treaults for N76-2924d through N78-29206
automatic approach and lending Author

N74-29245 Air Force Flight Dynamics Lab ,Wright. Patterson
AFB, Ohio
THE STALL/SPIN PROBLEM

N74-31455 Air Force Flight Dynamics Lab.. Wright- Patterson Robert J Woodcock and Robert Weissman IABDI In AGARD
AFB. Ohio.Stail/Spin Piobil of Mil. Aircraft Jun 1976 12 p refs (Fat

V/GTOL AIRCRAFT CONTROL/OISPLAY CONCEPT FOR availability see N76-29245 20ý091
MAXIMUM OPERATIONAL EFFECTIVENESS Stall/spin problems still plague aircraft designers. The
Kenneth W. Mallreath, James A. Klein (Collins Radio Col.) and developmernt of spin tunnel and free flight model testing techniques
Ralph C. Thomas (Collins Radio Co.)loti AGARD Advan. In Is traced, prospects of improved serodynrrlams are Indicated, and

Contol yatms ay 174 p f5 ~or vaiabiityseesonte flight control system capabilities outlined, with reference
Cn7.trol SytmsMy194-p0oe(Fraaiaiit e to experience with some recent airplanes. Recovery from spins

Vertlcal/Short Takeoff and Landing 1V/STOL) aircraft andan pottligrinsserhsidbudnedfr oe
their unique mission& define four requirements for a practical emphasis on designiing tot resistance to lass of control is
and suitable IFR contirol/dIsolay system: (1l maximum Mlight advocated. Author
profile fletilbility, 12) flight control precision, (3) low pilot workload,
and (41 simplicity at low cost. A system concept which has NTI-29247 General Dy~namica/Fort Worth, Teax.
made significant progress in meeting these requirements i4 THE STALL/SPIN PROBLEM -AMERICAN INDUSTRVI
deascribesod. The system concept is that of retaining the human APPROACH

hpilot as an active control element, augmented by an Integrated Charles A. Anderson lIn AGARD Stall/Spin Probil. of Mu. Aircraft
system of displays, steering computation, and automatic control Jun. 1976 8Up VFor availability sea N76-20246 20011)
elements. The task allocation between the pilot and the automatic An attempt Is made to detail what has caused stall/spin
portion of the system optimizes the pilot's flexibility and control problems, what options are uopn to the aircraft designer to reduce
effectiveness in the control tasks for which he Is most suited, stall/spin susceptibility, and some of the currant *valuation criteria
complemented by the precision and reduction in workload afforded thats aen available Ato.t tehnqes avariousanalytical and rexviewen.An
by automatic control techniques. The approach taken In thetolanfigtestchqusviabeodyreeiwd.A
development of the system was to first define the mission tasks oapsosment Is than m ade of the usefulness of each of these

pio I -h.opsimulation determined the most effective control procedure for determining the stali/spin susceptibility and
sceeadteoptimum hummn-outornatll interface. Flight testing characteristics is presented Ato

the vaidaed hesystem concepts in hardware form aboard a
CH31hlcpe etbed. Author N76-20248 Aeroplane and Arinement Experimental Establish.

met oscombe Down (Enrgland)
Airrat Etaliemet, edord(Eglad.COMPARISON Of THE SPIN AND LOW INCIDENCE

1117-111 oa tirhe systebismentants.cr A lnalyssand) A~dliTnes, O tols end tecniUes. FTInaly AIReCommnde
AUTOSTASI~LATION IN VTOL AIRCRAFT: RESULTS OF UOOAINO H JGA TIEARRF

WIT. SJ Bleamy fit AGARO Stall/Spin Probl. of Mil Aircraft
FIH TR ALS ARO S AvaJn. 1ysems Ma 10 p refs (For avalability see N.78-29245 20-08)

H.W hn nAAD Av N. I Cotrol 21.021 Il ro the extensive flight luiats on Jaguar high incidence14ISprf(Fravailability a"N43492-2 n pnbehavior, a number of interesting results smergeod.IMlgtcnrlsystem developed for the SC 1 let lift Compared ii. the classical high incidence spin mode with a rathet
bT eehaiorc thrcrghot Is described and an account given of its lest comnmon low incidence autorotatton which appeared dluring

behaiou thougoutthe flight envelope: vertical take-off and Jga vlaintil.Ato
lnigtrniinadconventional flight. The system, whichJaareautoiral.Ahr

proide arifiialdirectional stability In the yaw and maneuver
doridin the pitch and roll eaxes, gave a etable aircraft while A7.54 CO RBritiOh MOrELt CoNp FreLto SAEng PINNIN.
rtiiga high degree of maneurverability. Comparison Is madeACOPRSN FMOEADFULCLEPI IN

wihexisting handling criteria and the ways In which demand CHARACTERISTIC$ ON THE LIGHTNING
ssesinevitably contravene certain of these criteria are B R A Burnt /it AGARD Stall/Spin Probi. of Mit Aircraft

discussed. Author Jun 19703 12 p (For rivaileirility see N76-29245 20-06)
Lightning spinning history is reviewed and a conmparison is

N147-314670 National Aeronautics and Space Administration made of the cheracteitnutics as shown by vertical wind tunnel,
AmesResarc Cener.Mofatt ial Caif.helicopter drop model and tull scale flight triale The comparison

PLIGT TST F A AUOMAIC PPRACHANDis made in terms of both qualitative interpretation of thia spin
LANDING CONCEPT FOR A SIMULATED SPACE SHUlTTLEr cusyirlaiiaditemra aa t ssonta h

USPRSINED S TH NAA COVAI SI IRCAFTthree types at tests erxhibited good qualitative agreement In eli
D9onald D By Smith FreAric 0.I Edars Jn0.FAtIRCRAnd important rxispscts. Onilv a limited quantitative comperison isDonld . Sith Frderck . Ewars, ohn0. astr, ndpossible tbecause of liniitations of the ireasured data andFred J. Drinkwater. Ill In AGARD Advant. in Control tvstems differenrces between tiria text techniques. The test results ean
May '1974 9 p reta Ifor avalasbility see N74-3`1429 21-02) misted to setrvice espenlariace and tome obseivationis aer made
CECL OIC about the intrprrretation of spinning test results arird the nead

Unpowered automatic approaches and landings were for simplicity in pilot's operating notes. Author
cindlueteld to study navigation, guidance, and sonroll problems
aseeoaiated with terminal area, approach, anid landing operation
fair the apace shuttle, A Convair 9S0 aircraft was equipped with N76-29260 Northrop Corp.. Hawthorne. Calif
a digital flight-control computer connected to the aircraft tocntrill DESIGN TECHNOLOGY FOR DEPARTURE RESISTANCE OF
systems and dieplays. The flight tests evaluated, from 1 t,300 m FIGHTER AIRCRAFT Aircraft Div.
to touchdown, the performance of a navigation and guidance A fitirigo, Jr.. J S. Ackeinrerr, and A M Skow tin AGARD
concapt that utilixed blended radio/finerlial navigamtion with VOR. Stall/Spin Probl. ut Mil Aircraft Jun 1978 13 p rofu (For
DM6. and ILS as the ground radio navigation aids. The results availability tee N78-29245i 20-081
froamr 3S automatic approaches and landings are analysed. Methiodstare prehanteri for predlicting~ departure characteristics
Preliminary results Indicate that this concept may provide ut aircraft during thns denigc stauss prior to model or flight tests.
sufficient accuracy that automatic landilng of the unpowered shuttle Tie nitirificaneri of lcnilirifidnal pitching moment characteristics
oliblter can be baceompliethed on a oconventional alas runway, with respect to sidieslipi is discussed and corrlalttd with flight

Aulthor test data Tirs use ot cleperturs parameates is discussed and
itainpia! are presenrtedt which aliow good correlation with flight

N76-29246# Advisory Group for Aerospace Research and teni results A computer graphricsi display of the aircraft driven
Development. Paris (France) by actual flighit test dale fits proven to be extremely helpful in
STALL/SPIN01 PROBLEMS OF MILITARY AIRCRAFT visualizIing comiplex moioirns oit an aircraft lIi particular this
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technique shows great promise in siding both pilots and engineers N176-29251 Institut de Mecanique don Fluides do Lille (Frencel-
in describing disorienting post stall gyrations that may be IFFICTS OF AIRFRAME DESIGN ON SPINCHARACTIRIS-
encountered during stall/spin flight testing of an aircraft. Author TICS [EVOLUTION DES CARACTIEISTIQUIS DE LA

VRILLN IN FONCTION DE L'ARCHITECTURE DES
AVIONI]

N7ii.292611" National Aeronautics and Space Administration. Jean Gobeltz In AGARD Stell/Spin Probl. of Mil. Aircratt
Langley Research Center, Langley Station, Va Jun. 197a 15 p In FRENCH (For availability see N70-29245
RESULTS OF RECENT NASA STUDIES ON SPIN REIIST- 20-08)
ANCE The offects of changes in the airframe geometry during the
Joseph R. Chambers. William P Gilbert. and' Sue B Grafton In lsat few decades on aircraft spin characteristics were reviewed.
AGARD Stall/Spin Probl of MIt Airoiaft Jun 1978 12 p The type of aircraft considered ranged from low speed, pre-world
reft (For availability see N76.29245 20.08) war II, propeller driven aircraft. through the early let airoraft
CSCL 01C with moderate sweepback. to the most recent let aircraft with

Some of the factors which contribute to good stall/spin pronounced sweelpblck. The contribution of the various airframe
characteristics of a current fighter configurattui1 indicate that the components such as control surfaces, flaps, sirbrakes, fins
design of airframe components for inherent spin resistance is fueleage, wings. etc. was discussed in addition to other relevant
very configuretion dependent and that few generalliations can factors auch ias inertial characteristics, external loads, rockets,
be made. Secondary design features, such as fuselaga forebody etc. Special emphasis was pleced o, the Mirage 3 and Lightning
shape, can have significant effects on stability characteristics at aircraft. Y.J.A.
high angles of attack. Recent piloted simulator studies and airplane
flight teats have indicated that current automatic control systems
can be tailored so as to provide a high degree of spin realatancea
for some configurations without restrictions to minaiveatability, N76-292N Air Force Flight Dynamics Lab., Wright-Patterson
Such systems result in greatly Increased pilot confidence and AFS, Ohio.
Increased tactical effectiveness. Author LIMITING FLIGHT CONTROL SYSTEMS

David K. Bowser In AGARD Stall/Spin Probl. of Mil. Aircraft
Jun. 1976 12 p refs (For availability see N70-29245 20-Ol

NIG-29262 Inatitut de Mocanique des Fluldes do Lille iFrance). The development and application of various types of qutometic
APPLICATION OF STATIC AND DYNAMIC AERODYNAMIC flight control systems for high angle of attack eugrr,)ntatlon arnd
COEFFICIENTS TO THE MATHEMATICAL CORRILATION limiting are reported. Considerations Included are improved

CO WIND TUNNEL TEST RESULTS ON AIRCRAFT INS handling qualities for maximum tracking effectivensis, reduced
[APPLICATION DOS MESURIS Di COEFFICIENTS AIPOe pilot workload. control configured vAhlERO-, stall Inhibitors. end
DYNAMIGUE1U ITATIQUES IT DYNAMIGUE A DiS departure prevention ciystems d Author
RICOUPIMIINI PAR CALCUL DIE VRILLIS OBTENUES
IN IOUPFLIRIII
Marc Varnmartisrt In AGARD Stall/Spin Probe. of Mil Aircraft
Jun. 1975 9 p In FRENCH PFor availability ses N78-29245
20-05) N71-202670 National Aeronautics and Space Administration,
Buff A conventional light aircraft model with efficient control Ames Research Center, Moffett Field, Calif.
surfices and comparatively easy spin cheracteristics was used ASYMMITRIC AERODYNAMIC FORCES ON AIRCRAFT AT

lidto vaiite the modelling of spin maneuvers by correlating vertical HtIGH ANGLES OF ATTACK - IOME DESIGN GUIDES
wind tunnel resulte with static and dynornic aerodynamic
coefficients. it was first concluded that these coefficients must Gary T Chapman, Earl R. Keener, and Gerald N. Malcolm In
be measured while the aircraft is in continuous rotation; these AGARD Stall/Spin Prorbl of Ml. Aircraft Jotn 1976 9 p
measurements must take Into Account the efficiency of the control refs (For availabillty see N76.29245 20.05)
surfaces, which is Itself strongly affected by the general flow CSCL O0A
pattern, and are only applicable to the case of comparatively Aerodynamic eide forces on forebodles anre considered that
mild spins In the case of modern military aircraft, however. are produced by two types of flow: &symmetric vortices on bodies
spins are usually mote complex and violent, and mesutements of revolution and nonuniform flow separation on square bodies
of forced oscillatiorn% while Iths model is in conminuous rotation with rounded corners under spinning conditions Steady side forces

: i should presumably be included. Tranli. by Y J A. that can be as large as the normal force are produced by
asymmetric vortices on pointed forebodle, This side force has
a large variation with Reynolds number. decreases rapidly with

N74.-2253 Aaronautira Macchl S. p. A.. Varese (Italy). Mach number, and can be netily eliminated with small nose
STALL BEHAVIOR AND SPIN RUTIMATION METHOD BY bluntness or etrakes. The angle of attack where the side force
USE OF ROTATING BALANCE MEASUREMENTS first occurs depends primarily on body geometry. The theoretical
Ermanno Sliaocchi In AGARO Stiall/Spin Probe of Mit Aircraft techniques to predict these aide forces are necessarily semi.
Jun. 1976 16 p IFor availability see N76-29245 20-08) empirical because the beaic phenomenon is not well understooa

Experimental work is reported in the field of wind tunnel The side forces produced by nonuniform flow soperation under
investigation of stall behavior, in the evaluation of the chatacteris- spinning conditions depend eatainalvely on spin rate, angle of
tics of lateral control devices, in the meaeurement of the attack, end Reynolds number. The application of simple crosiflow
aerodynamic coefficients to determine tateral-directionail stability theory to predict thip side force is inadequale much bolow angles
and the analytiial study of the spin. Thie research has required of attack of 90 deg. Author
the development of special tlst equipment, measurement methods
and calibration systen'a A description and data is given on the
test equipment adopted, its use end some of the results
obtained. Author

N76-2921U5 National Aeronautics and Space Administration
Langley Research Center Lengley Statioir. Va.

N7i-29264 Ghent Univ (Belgium) STALL/IPIN TEST TECHNIQUES USED BY NAIA
STABILITY OF HELICOIDAL MOTIONS AT HIGH INCIDEiN. Joseph R. Chambers. James S Bowman. Jr, and Gerald N
CEs Malcolm (NASA Langlty) /ri AGARO Stall/Spin Probl of Mil.
F C Hus itr AGARD Stall/Spin Probl of Mit Airoraft Jun. Aircraft Jun. 1976 12 p rafs (For vailabilibty see N76-292.45
1978 20 p (For availability see N76.29245 20.08) 20-08)

Mathematical solutions are found for three kinds of problums. CSCL O1C
(11 to compute the equilibrium condition of steady motion. when Unique test techniques arid facilities are reported which are
the aircraft follows a helicoldal descending peth around a vertical used to predict the sltll/spin charactiristics of highly maneuver.
axis; (2) to establish the linear equationsi governing perturbations able military aircraft. Three of the more important test ilchniques
ahout the eteady state. and to determine the characteristic modes are: 1) flight taste of dynamiclsly scaled models: (2) rotary
of the iasultng tinotion; and (3) to integrate the nonlinear equotions balance tests; and (3) piloted simulator studies. Recent experience
of motion and to determine the manner in which an aircraft his indicated that the exteision of piloted imnulation techniques
can reach a steady state motion, or depart from it - (entry into to high angles of attack provides valuable Insight as to the spin
or rcovery from a epin). Such mathematical operations provide susceptibility of fighter configurations during representative air
inslight into the mechanics of spinnring motion oven though combat maneuvers. In addition, use of the technique is an effective

oarouynemlc coefficients are not known very accurately at the method for the development and evaluation of automatic spin"present time. Author prevention concepts. Author
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1176-112119 Inetlitul do Mecenique des Fluid.. do LiIIe (France). N76-292"4 Avions Marcel Dassault. Broguel Aviation. Saint.
EFFECTS OF STATIC MOMKNTS FROM ROCKETS OR Cloud iFranclil
ASYMMERTRIC LOAD* ON AIRCRAFT SPIN$ JACTION OUR $PIN FLIGHT TEST OF THE JAGUAR, MIRAGE P11 AND
LA VRILLE, PAR MOMENT 3TATIGUE, DE FUSEEIS IT OR ALPHA.JET AIRCRAFT (IEEAIS ON VRILLES DU JAGUAR,
CHAROEMENTS DISSYMETRIOUSSI DU MIRAGE F1 ET DE L'ALPHA-JETI
Jean Gobeltz and Lucien Sasurein trn A3ARID Stall/Spin Probi. J Differ. J. P Duval, and J. Noismy In AGARO Stall/Spin
of Mil. Aircraft Jun. 1976 11 p refs In FRENCH [For Probi. of Mil Aircraft Jun 1976 6 p In FRENCH Iroa avallablilily
avaitabil~ty see N76-29245 20-081 see N76.29245 20-08)

Vertical wind tunnel test results perfornmed oir different scale A stories of flight tests deosigned to investigate spin oharactaria-
models to investigate aircraft spin maneuvers ware discussed tics on rho following aircraft were dlesuribed Jaguar.
Two areas were considered (ll the use at rocket* carried air Mirage Fl1, and Alpha-Jet Tire case of the Alpha-Jet is especiallty
aircraft. to ba fired as an emergency device durinrg spins, tire Interesting in vierw ot lits training role Results obtained during
application of thia concept has so for bairn limited to light aircraft, thoes testsi wore desriiibedi ard compared to wind tunnel teast
although certain qualitative cnoiclusioins may be valid for other predictions. Transil by YJ.A
types of aircraft. Including militiory aircraft. 12) tire influence of
asymmetrical loads on spins for aircraft of all types: military,
light. tfranepoit. In the case of military aircraft, geometrical N76.29265 General Dynamics/Fort Worth, Tax

asymmetries~~~Joh wer Lamer dicssd Arn] gYA F1 IHA G AEOF STTAll/TSpi EPRb.ofMI.Aicraf
asymmetries~~Joh wralodsuedTrn.bYJAY P.IHG Lam GLE OP AA ACK StEllSTi EPERb.ofM AiEN cE af

11176-f211120 Centra d'Essals en Vol. Bretigriysur-Orga [Franca). Junt. 1976 14 p [For availability sea NIB-29245 20-0S)
A NNW ANAILYSIS OP SPIN, BASED ON FRENCH EXPERI. The objective of high angle of attack flight tealst wag to
ENCE ON COMUNAT AIRCRAFT JUNE NOUVELLE ANALYSE clear the aircraft for the sir combat maneuvering lest phese.
ON LA VRILLE @ASIR OUR LEXPERIENCE FPRANCAISE This was to be accomplished by validation ot predicted oerodyniti.
SUR LES AVIONS 01 COMBAT) mic dael, and a comprehernsive evaluation of handling qualities
Claudius Lalurthe In AGARID Stall/Spin Probi. of Mil Aircraft and flight control system performance during aggressive simuleted
Jun. 1976 9 p In FRENCH; ENG3LISH summary (For availability tactical maneuvering. The program also included as realietic
see N76.29245 20.08) evaluation of the effectiveness of special automatic control system

Relatively few aircraft are lost owing to sinking. stalling or feetures designed to enhance high angle of attack maneuverability.
spinning. Among other reasons. this favorable result may be handling qualities, and departure resistance. Of particular interest
attributed to a particular emphasie put on pilot netructiori about were the effects of the active control system fcoonmand end
aircraft behavior at high angles of attack. But in view of tire stability augrrentation) and refaxed fItatic stability concepts upon
unfavorable influence of wing loading this situation might stall/epin charaoteristics and recovery capability. Engine operating
dateriorete with new aircraft. Some test results are analyzed ats characteristics at high angle of attack, high angle of sideslip,
regard the nature of losses of control The imajor influence of low sirepeed conditions were also of interest Results show
Inertia is thus demonstrated Limits of credibility for atafl warning excellent high angle of attack flight characteristics, good

systms.bood uon agleof ttak m -quemot. re hencorrelation with NASA sInl model results, and normal flight control
dodu baad. upnageo takr ueat rAutho system operation over the range of1 conditions tested. Author

N7I.29261 M oesarsh mitt -Booikow -bo... to m.b H.. Hamburg NIS-29246 Naval Air Systems Command, Washington, D.C.
(West ermany). US NAVY PLIGHT TEST EVALUATION AND OPERIATIONAL

SPIN INVEISTIGATION OF TIlE HANSA JET EXPERIENCE AT HIGH ANGLO OF ATTACK I
Horbert Nappert It, AGARID Stall/Split Prool. of Mil. Aircraft Alexander F. Money and Donald E House (Navel Air Test Center)
Junr. 1976 7 p refs i~aor availability sea N76-29246 20-0Sf In AGARD Stall/Spin Probi. of Mil. Aircraft Jutr 197S 10 p

Spin characteristics ot the Hansa let front calcuiation, vertical refs (For availability lsee N76-29245 20-001
spin0 tunnel and flight have been compared As a resuilt of the An overview is presented of the problem areas presentlyjsuperstali a special form of fiat spin with low rate of rotation is considereod most significant in the high angle of attack Mlightobtained. An analysis ie carried out and various recovery methods regime in U.S. Navy aircraft, The U.S. Navy philosophy of highare given. Author angle of attack flight telling is also discussed, with examples of

some of the more recent programs. Author

N76-29262 Aviorns Marcel Dassault Bregrist Aviation, Saint. X77-72038 Advisory G roup for Aerospace Research and
Cloud (Fiance) Development, Paris (France).
PLIGHT TENT METHOD@ FOR THE STUDY OF IPINSNIH AN ALWAHR UI NC ADCOT L
[METHODES D'ESSAIS OR VR111LLE1.111 EN VOLI SYSTE[MS FOR PIXED-WING AIRCRAFT
J. P. Duval In AGARID Stall/Spin Probl. of Mil Aircraft Jun Nov 197a 208 p Presented at the 2nd Tech. Meetting of the

A97 sytem I f iRNst(Fruet andil techniquses developed to0 Guia7 c May d 1976 aelo G hlehmEgad
196A iyste ofREC insruet avalailtycmqo seelpe to24 30-78 Muianc an1 otolPnlofAAD7hetrhm Egad

investigate aircraft spin maneuvers was ceecribed Both ground. (AGARD-CP.21 lIi Avail Advisory Group for Aerospace Reneiorolibooed systems (telemetry. rearl-ime arid delayedlin meer nd Development. Paris. Frarnce NATO-Classified report
mental and airborne systems linstrument mnanagemant. cameras.
old areo described and dligcussert Tha Alpha-Jet aircraft is used NOTICE Availabla to U S Government Agenciesas an exampte to illustrate the techniricue uised. Including the
importance of prelliminarty wind tunrire tai resulti, and the Toplonc discusired Include operationel needs and problems,
subsequent logical sequence of flight tests% Recatnt flight teat Piloting and navigation. elactro-opllcal sansor design. modelling,
results were illustrated. Transi by Y J A. evaluation and application, approasch end lending problemns. and

the man machine interface and overall system diesign Authorr

N76-29263 Grurnnan Aerospace Corp,. Calverion, N Y
F.14A STALL SPIN PREVENTION SYSTEM FLIGHT TEST

Charles A. Sowell arid Rauymond U Whipplie /it AGARD Stall/Spin
Probl. of Mil Aircraft Jun 1976 7 p refs (For alvailability see
N16-292245 20-06)

rhe evaiuatiorn of various spirn preventioir design cioncepts;
for, the F.t14 Tomrcat by analytical, ainrulational. and experimental
methods is described. Preparation of the test vehicle is detailed
showing unique emiergency systems and qualification testing of
these systems. Operational aspects of the flight test program
including the problem devising a system fiexible enough to permit
in-flight opt imization of design parameters is treated. Tho gradual
shift in emnphasis from spin prevention, which was accomplished
with relative ease, to departure amelioration for enhanrced air
combat effectiveness is documented An overview of the final
ARI with associated subsystems is given. Author
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09RESEARCH AND SUPPORT FACILITIES (AIR)

09 R SEAR H AN SUP ORTN74-31 34 ARO, Inc.. Arnold Air Force Station, Tenn Kerman09 R SEAR H AN SUPORTass Dynamics Facility
FACILITIES (AIR) EXPERIMENTAL STUDIES IN A LUOWIEG TUBE TRAN.

lncludlsv esopurts. halngars and runwvas, aiircraft repair arnd SONIC TUNNEL
overhaul facilitici.. wind tu.1nnels. bhook tutra facrilities. aind C. J. Schuster /ai AGARO Large Windtunnels `equ4ired

Characteristics and the Performance of Various Types of Transonic
engine test blacrnks Par related infonrmatio~n sno also 14 Facility Jun 1974 48 p, rafts Prepared In coope~irtion with
Gnroundl Suppnrrr Sy.srrnnn aind Farhicnnrvs (Spairve AE DC (For availability see N74. 3 1733 2 1 .11)

In support oi the development of a high Reynoids number
transonic tunnel IHIRT). extensive use has been made of a
1/1 3.scale modal of the facility. The studies included measure.N74-21899# Advisrory Group for Aerospace Rosrerircl and msnt and anslyals of the boundary layesr at the charge tube

Dervelopmenrrt. Paris (Francea exit (entraince to noz.06l. at the nozzle (contraction) exit. and In
A REVIEW OF CURRENT RESEARCH AIMED AT 'tHE the test section, tunnel start time, teat sectioin Mach number
DESIGN AND OPERATION OF LARGE WINOTUNNELS flow uniformity, flow response tinme, pressure distributions on a
Mar 1974 55 p Fels two-dimensional airfoil model. force measurements on cornea, an
iAGARD.AReS() Avail NTIS HC S5 76 investigation of the influence of plenum volume and an Investiga-

The proceedlings of a conference on wind tunnel design are tion of the scoustIcs of the eshaust system. The results of the
presenited. The subjlects discussed are Ill wind tunnel design experimental work show the feasibility of obtaining high Reynolds
and operatlon, (2) testing techniques. (3) speciel techniques for numbers In a transonic tunnel with a Ludwieg tubet drive
engine simulation, (41 techniques for high lift and V/STOL testing, system. Author
15) problems of testing at tiurroneni speeds, and (6) fluid motion
problems Author

N74-31737 Aeronautical Research Inst. of Sweden, Stockholm.
Engineering Dept.

IN7.31733# Advisory Group for Aerospace Research and APPLICATION OP THE GASOMETER STORAGE CONCEPT
Development. Paris (France). TO A TRANSONIC WINDTUNNEL MIETING THE LAWS
LARGE WINOTUNNELB: R1GUIRED CHARACTERISTIC$ SPECIFICATION
AND THE PERFORMANCE OF VARIOUS TYPES OF C. Nolarrdlei and S. Olverby In AGARD Large Windltunnols.
TRANSONIC FACILITY Required Characteristice and the Performance of Various Types

tR. C. Pankhurst, ad. (Min. of Defense. London) Jun. 1974 of Transonic Facility Jun. 1974 7 p refs (For avarlability see
156 p raft In ENGLISH: pertly In FRENCH N74-311733 21-11)
(AGARD-111-015) Avail: NTIS HC51II.00 A drive system to Improve the flow quality In s tranhonic

A series of reports were prepared to analyze the reqiriremrtiets test section of an intermittent wind tunnel. The system proposed
and characteristics of transonic wind tunnels. Some of the subjects consists of a piston slird a U-tube gasometer for air storage.
considered are: ( 1) the effects of flow turbulence and noise on The constructlon of the device Is Illustrated and the method of
sarodynernrc phenomena In wind tunnoels (21 testing time operation Is explained. The advantages anti disadvantages of
requirements In steady and unsteady wind tunnel measurements, the proposed system are analyzed. Author
(3) design principles for transonic wind tunnels. and (4) iettiode
for correoting wall constraints In transonic wind tunnels. For
Individual titles, tee N74.31734 through N74-31741.

N74-31738 Royal Aircraft Establishment, Fornborrough (England).
THE DESIGN OF HIUH.REYNOLDS.NUMNER, TRANSONIC
WINOTUNNELIr SOME GENERAL PRINCIPLES

P.0. Pugh In AGARD Large Windltunnels; Resquired
N7431 734 Office National d'Etudes et do Recherches Characteristics and the Performance of Various Types of Transonic
Aerospatiolers, Paris (France). Facility Jun. 1974 22 p Fefs (For availability see N74-3`1733
EFFECTS OF FLOW TURBULENCE AND NOISE AND 21.11)
AERODYNAMIC PHENOMENA AND WINOTUNNEL The general principles governing the design of a high.
RESULT$ Reynolds -nurnber transonic wind tunnel are examined. After a
ft. Michel /it AGARD Large Windlunnels: Required Characteris. brief review of the essential design aims, the choice of asiz and
tics and the Performance of Various Types of Transonic Facility operating pressure Is discussed. With s retionsle for these
Jun. 1974 27 p refs In ENGLISH and FRENCH (For availability parameters established, means of achieving them are considered:
see N74-31733 21-11) in particular. the relative merits of various types of drive system

An account Is given uf the Influence of stream turbulence are discussed. Author
and noise on transition In ~rtmrnar boundary layers and on the
development of boundary layers that are already turbulent. This N74-31739 Avion& Marcel Dassault. Breguet Aviation. Saint.
Is followed by a discussion of the effects of turbulence and Cloud (Prance).
noise on wind tunnel measiurements of overall force and moment ADDENDUM TO A SURVEY OF CORRECTING WALL
coefficients and on phanomene essoulattid notebly with inferno- CONSTRAINTS IN TRANSONIC WINOTUNNELS
tions between shockwaves and boundary layers. These consider. J. C. Vaygssire rin AGARD Large Windltunnels. Required
etions are vital to the extrapolation of wind tunnel results to Characteristics anti the Performance of Various Types of Transonic
full-scale uonditIons and to the specification of Reynolds numrber Facility Jun 1974 21 p refs (For availability see N74-3 1733
and flow quality requirements for future aerodynamic testing 21.11)
facilities. Author Methods for corracting wall constraints in transonic wind

tunnesi are discuised. Using linearized comnpressible flow theory.
the Influence of wingspan upon lift interference factors Is examined.
The streamline curvature correction is also rronsidotoeM. together

N 74-31735 Nationsal Luoht-en Ruimtevaartlaborstorium. with the influence of the position of tire preasure datum In
Amsterdam IMetheriands) relation to that of the modal. The chareaterirstics of porous walls
NOTES CONCERNING TESTING TIME REQUIREMENTS IN are considered with the proposal that a porous well may be
STEADY AND UNSTEADY ME0111ASUREMENTS calibrated by comparing a test result with theoretical grid results
J. W. G. VanNtlnen /it AGARD Large Wirrdtunnls-g Required computed for several values of porosity parameter in the boundary
Characteristics and the Performance of Various Types of Transeonic conditions. Author
Facility Jun. 1974 19 p, (For availability asee N74-31733 21-11)

Thre importance of time factors In conducting transonic wind N74-31740 Roavl Aircra4t Establishment. Farnbarough lEngiendi
tunnel teats Is discussed. Emphasis is pieced on the requirements SOME 008ERVATIONS ON OPTIONS FOR A LARGE
for force and pressure measurements in steady flow conditions. TRANSONIC WINOTUNNEL
pressure measuremnents orn oscillating models for flutter cnilcula. P. G. Pugh end 0. Kuechominn rIn AGARD Large Windtutrnals.
tians, end Investigations of aerodynamic buffeting. The specific Required Characteristics and the Performance of Various Types
time requirements for various types of wind tunnel tests are of Transonic Facility Jun. 1974 6 p reta (For availability seeanalyzed to show the variations in the tunnel operations. Diagrams N74-31733 21 11)
of the various wind tunnel model arrangements end data reduction The design parameters for transontc wind tunnel development
techniques are Incrluded. Author are discussed. The two types of specificationk which influence
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the design parameters ore defined. Specific considerations Work completed previously describing projected areas
concern; (1) provision for exceptional tests. 12) the quality of considered to be relevant to the design and operation of large
thes flow. and J31 heat transfer from the wind tunnel model. The wind tunnel* was reviewed in the tight of progress made.
effects of flow Instability in the wind tunnel are analyzed. Comments arid recommendations are made. In each one of the

Author four fields of work selected, two conveners, one from each side
of this Atlantic, brought together the foremost workers In that

11174-3117411 Von Karmari Inst. for Fluid Dynamics. Rhode-Saint- field to discuss what needs to be done, how the Work should
Goense (Belgiumn. proceed, and how it could be shared. Altogether 132 researoh
REVIEW OF SOMI PROBLEMS 111IMATED TO THE DESIGN workers from nine countries participated and made vaiuable
AND OPERATION OF LOW SPEED WINDTUNNELS FOR contributions. Topics of Importance, including some which
V/STOL TESTING. ADDENDUM require particular attention, waet also identified and divided into
M. Carbonaro In AGARD Largo Windtunnels: Required thiee categories: problems for which aulfIcierit effort is currently
Characteristics and the Performance of Various Types of Transonic being devoted, problems not currently attracting enough attsntlon
Facility Jun. 1374 3 p refs (For availability see N74-31733 but where some activities ars expected soon, and problems wher#)
21-11) posltive action Is necessary. Author
IAGARO-R-001 I4A method ot cralculating well Interferenice In transonic wind N76-23203# Advisory Group for Aerospace Research end
tunnels by using a vortex lattice to simulate the wind tunnel Development. Paris (iranual.
welts Is discussed. The method Includes the effect% of wake RNEISRMNAIN EPN YTM
curvature and wake displacement due to the wind tunnel wells TESTING AND RELATED TECHNIQUES
The flow distortions produced hy a wind tunnel rrtodei are e.17 38prte atlinNGIHndFNH
exiamined with respect to the minimum test speed and the FeA. 1O*8C3821 pArefs Prtly 29 inEGISH nd02FRENCH .tt
maximumn modeitlo-turimal dimension ratio. Additional test
procedures involving ventilated Walls. simulated ground efet Avaii: INTIS HC 510.50

and 10wdisurbnce in he unnl crcut ar brefl noedPapers are presented which deal with teat range rinstruments.
andflw isurbncs n hetunelcicut ae rif Aunthd r tion techniques and systems, rest range facilities and requirements

AuthorCapabilities. proposed facility improvements, arid techniques which
have been developed for solving particularly significant problems
as wait as conrtinruing criticsl problems are described. Emphasis

N74-34680# Advisory Group for Aerospace Research and is placed on weapons systems testing. For individual titles. see
Development. Puf France). N75-23284 through NIO-23303

THENEE FO ALARGE TRANSONIC WINOTUNNEL IN
EUROPE. SECOND REPORT OF THE LARGE WINOTUN. Nf7623254 Radio Corp. of America, Moorestowni. N.J Missile
NELS WORKING GROUP and Surface Radar Div.

*Aug 1974 46 p rats THE EVOLUTION OF TEST RANGES AND THE CHANGING
IAGARD.ARt70) Avail: NTIS HC 56.50 RIIGUIREMENTS THEY SERVE, AN OVERVIEW

The Second Report of the Large Windltunnels Working Group Victor W. Hammond and John W Boriiholdt In AGAFIO Range
of the AGAIRD Fluid Dynamics Panel is presented. The group Instrumentation, Weaponms Systems Testing and Related Tech.
confined Its further considerations to the ntod (Fo and definitions niques Feb. 197a 10 po (For avaliability oee N76-23263 14-G0ll
of a large trarnsonic windtunnol in Europe Thie engineering studies The why of test ranges In general is examined along with
on the proposed foui options for the tunnel drive system ore the trends in test support requirements that have and are
rsviewnad; engineering of all four, appears to be feasible but at continuing to evolvs Range Metriu Instrumentation Systems
higher cost than anticipated. The Group stilt cannot recommenhd Historical trends In requirements are discussed arid compared
a preferred option technical grounds, but recommends that with the systems end techniques that have evolved over the
following furthei work a selection should be made before the period considered; that are available and in use; availiible but
enid of 1975 The program of further work necessary to provide not being exploited; and unavalable but readily within the
the information needed for %election of a preferred option is grasp of modern technology. A postulation of tomorrow's test
defined, logethor with recommtrndations on how it should be range based on a brief analysis of technology. anti the retalities
shored between National Programns and on Indepedent Technical of problems--such as Inflation, encroachment. and others, is
Project Group. with coordination as required by the MlinLeWs presented. Author
Group of the Fluid Dynamics Panel It is concluded that the
reasons given on the need for a large European trenisoilic N70-23266 SUM Corp.. Albuquerque. N.Max.
windtunnal still apply, and no change is required in the standard STANDARD PROCE DUNNS/MIASUURIE OF EIFFECTIVe.
specification of the w~ndtunnel Author NESS FOR AIR FORCER OPERATIONAL TEST AND VVALUA-

TION (CONSTANT IMPROVEMENT TASK 21
R. S. Duchanan. J. W. DVah.. W H. Norris. George Lutr. David

N75.30198# Adyninuuy Giroupr fur Asuusrrcu Flutiauhri arid P Vanaradele, John 1, Keriner, Donald E. Simoan (RCA. Moore%.
Dornvsoimunurt, Pulir (I"Fincu~il town. N. J.), Milton Heinberg (FICA. Moorestown. N J.). George
A CATALOGUE OF EUROPEAN HYPERSONIC WIND Havermahl (RCA. Mooresstown. N. J.). John T Nopanen (IRCA.
TUNNEI. FACtILITIES Moorestown, N. J I at at /it AGAHD flRange Instrumentation.
Jun 1975 68 ir Wicapons Systems Testing arid Related Tochriinruas Feb 1976
iAGAFII) 14 (1131 Anvil NTIS IC $425 12 p eta iror availability see N713-232103 14.091

Europtirr ryinoirnunic. wirdtuurnnle xiii listed arid tile following The broad aspects of operatiornal teatt end evaluation
rrfrnrnrnutior to pivur bril aothu l ivi ocatuion. nranin of facility, and lOT and El are reviewed. Certain areas are expanded to illustrate

lulirsurrnit couurnctiud. nhuriviiptior anutl testing capabrilities, tylis direct application of the principles of standardizatiorn for OT and
of facilit lv ivids of won king siuctrur,. nirodul rmountiing. and size E Author
at tau uniunit inium irninunrcx; nlisiru riunrtatloi arid other

( ~~~~ialiniuistic utliniirrinni. andi puritn i-i ruo For high enthtalpy
tacilitries. thu dlvii -i ,uluttuid it, turnis ot duilbity varinus vulocity; N70-23225 White Sands Missile Range, N.Mex. Optins Div.
for other tuucililiniv as FI/cirm Macih ouiuubu showing operating DISTANT OBJECT ATTITUDE MEASUREMENT SYSTEM
boindirinucs Noiile nuxiti diurururr. iuseftui cure drihnieter. axial Much j0OAMS)
unumrrbnr giudunliit. xiriinlar flow roiunitini 'reservoir' conditions, Lowell Yates In AGARD Range inSlrUnunnieation. Weapons
gxaunt usurt. Imomnurn doinuttne 01 niinnuorition. limiting velocity, for Systems Testing and Rtelated Techniques Feb. 1978 15 p
conrtiruious flow tu110% nuui id lti luwnhsririty tunrucie a graphi of refs (For availabifity toe N70-23283 14-09)
11109uu tmniW xii0 vDiRI nu trIr: urrnnumuro tire iniriudod where A brief history of the development of design criteria for
avituailsNu Author tracking telescopes. including the Distant Oblent Attitude

Measurement System IDOAMSI. Is presented. Missile attitude.
event, and missedistance dots requirements are developed In

N70-11t111# Advisory Group for Aerospace Research and terms of Image content. The optical system modulation transfer
Development, Paris (France). funedon IMTFI is considered ito include all known sources of
A FURTHER FREVIEWI OP CURRENT RESEARCH AIMED image degradation. iLe.. atmospheric turtbulence. focus error.. Image
AT THE DESIGN AND OPERATION Of LARGE WIND rinotion, film and optics. Correlation of Image content with the
TUNNELS MTF demonstrates a technuique for the development of telescope
Sep. 1975 130 p refs performance paraemters and their exrarpolation into disligni and
1AGAftD-AR-831 Avail; NTIS HC $6.00 teat requirements. To record high -resolurtion iniages with low

110



09 RESEARCH AND SUPPORT FACILITIES (AIR)

Idistortion fit high samplingj rates Iin ii udesert environmirent Involves N711-23290 Air Force Armannent Lab.. Eglrin AF13. Flae.
two major design problerms that are disucisuin' thre devolopmreol AIErCRAFT/STOAUU COMPATIBILITV ANALYSIS AND
of in athermaliriad optical system that will malintarin precise FLIGHT TESTING
alignments over a wide ranrge of toiripriraturir. and tilia develop. Charles S Epstein In AGARD Range Instrumerntation. Weapons
merit of mechanical structures that prewrrut itugnirdatiori of the Syainoirns Touting and Related Techniques Feb. 1976 13 p)
image by camera vibiations resid high acceleration tratckinli tates refit (For availabrlily see N76-23283 il4.091i
The dual telescope features an f/4. 2.500Cmon-untcal-lunUth The sitate-of-the*.rt in the field of airoiralt/store compatibility
objective with a 360.froerrmpor qircord 70-nurn pirrirm canrrers lusting has% been expanded through now photographic, anAlytlic,
andt an f/8. 5.000.rinm -focal -lorgilh objective with a 125 harris- wind tunnel, and computer techniques. An in-depth uripliiialnoin

per-second 70 inn pin-regiritereil canrorii Author fte143 luyilfn lgl ni elipl sgvi ildl
tl~iitire , u nin trri marriag iI tho wuitia tunnrel rindo link high sirt d i guutuilulil1

Nu70.23287 Radio Corp of Amneics. feoursusiowir. NJ Mirssile infrrritiri tIn l uink iutligt airtlayriir of (ind.~i unit rt iiiahtoi 'irnoltiri
arid Surface Radar Div. trý(icirisi11rkt)i ofl flighlt tilit tilin leuniititori ALV It
RADAR DETECTION AND TRACKING IN GROUND
CLUTTER N76-23291 MhVihrrririi~rtiiitt Horuilkuw (i oni b H . Ulttirtiuriinin [et

H D Mittchenll. M 1t PaUtes, GI. M . Sparka. itd rih(. H. StevuIne Ga irtirnyl Lt iter irilrniniiriiintnech ApptairtI
OPTIIZAIONOF FREE FLIGHT MEASUREMENTS FOR

rIrIl Hulrited Tsichnrriiuse Fb 1976 20 p) tosl (For availability MISSILES
1:r1 N713-23283, t4091 L. Srkiicriis In AGAIt -rIriJ aIrrloirrtlin uroi ytir

Tlir results are presented of a idevelopmenital iiiourrrr Testirng arind Rerlated lut i nniiques Feib 19703 50 1r rots (hiur
doillerrrirr to provide airtorriahic dletection. acquisirtiorn. arid traucking aivailabhility rshn N7t3-232133 I 4-O3t
of higih spintd artillery projectiles with art omittirg C-band pirecisioir A series (if paianrunratirs naigrrdinU thueInirfornrirrone arid the
tn~i i, r rrciialien raeliet Tire goalb ushlabltetred fioi the sytnemn iuislyrria Of flits flight meaikritun inrit 5 wasie nvositatturtn tor obitaini

whirititeutour riduut~letfotiof grojctlts wt Iiis cultti *o-gentiee lsa ~inifurnirtistoi abouit thtelr influence onl fthe scorarrcy of till
itotio uf 30 rdb, in loss than one second after firing. pitolectilie trarodyrrrnric; stability rouifttalents to be dluteiinrred Thu findingis
io dutuciteloir piucusi utilized a raci rtilvo digit at ululttn rejectioni fither lieu fighrt tests hri buch a wuy thuat optirrirtn restultri Iiin

filtni arind rtr FF1 piuocassot. Trioukirug wets atccomnpliirsnhe usirrg achluvnrd ihrtireit lffurutr irriustlos were invustieleptd hurt two
intiplo~lr polio fine -tine fitters Iii U011111.rct0or Withi clutteir qilru 111r1131i1611 flile ouUlpII data write (itda I ort thourut rosly bcy rislrg in
lau3 f-ind automna tic PFIt % wlturhing. Prelrirrurery tuest reultitl digital cuirpule. prottrerrr. lortm il hls tfics freIltlillt irueastunrsnt
niricati due tirntod tritokirig of 18 nif the: 20 piu~liiitiusfifredu (It eeaalbeTeAlilit shsd h Nowton-liaplmsrn

Siitu ds Eqipalenkisits doCl-ips d i durtrrg tho boost phaittse. tIli vitiatluri of tire utabIlity paitiantaitr
TESTRADA LANDING TRAJECTOGRAPI4Y SYSTEM ILE 0S a fntIrIttuir Ot Mafrl in1Utt11)'31., sillOXtialrnututh Iby at IOlyrornilul

SYSTEME DE TRAJECTOG RAPI4IE D'ATTERRIS*AGE of Ireoriirld prwu.ir, wire itiurtettiit lo Insddlirtio. Ittqitiit of output
STRIADA) (laiteand Initrial valueg uf [tor state Virtebteir Wret Uoirnrlra In i

lrittrinutiriiation. Wouipoirs Systems Touting arid Hulateil Tireir
nikitirs e b ~. 1978 12 p role Ilii FHENCH (For avaitlabitlity sires-
N7It-23283 14-091) N76- 23202 Aurmy toist astil Liralutloir Command rai, Abnrterdee

Thri STHAOA systemi wail developed to aciriuralely ructuretiuct ProvItng Litourul. Mdt.
andri utrlhlay. ir ur-iserral litle, tilia trajeirtortis of uricralt ilrrurit PROJECTILE AIRIIURST AND IMPACT LOCATING SVSTLM
apurpnrrirr arid landing arid the rebny alloiw thu drlevloprirurilnut n. (PAI LS)
.on iificuitluui of autrniatlc (aundnt;n systarits. Tire rysteiurn tiii ilirir WiJllisin It. Mlwnsy fir AGtA H Flriuji rirtrurrutsti Wuriliriria
rnuurutii elect ion optics techninques in conjnciulonr with a rrralltroiru Si~te iiii t Uitirig ritirt fhirlrrnu terchrrqicnu Febl. 1U3701 1.t (Fin
Uunirrititr tintugratsl Will iral observetluiri systuirir. it Is Lrbilduil l avstttnlrility cur' N16-232133 14-09)3
Ithei LID(A R laser raulai systs ni prorvidinug tlia splIre riu culmnoidntiulot A sybtetr ituvoltirind t(Uin YtolrfIrs 1111il0t.tit 01iiblitrr itf recuiir rirly
Frurn, I, passeive opitlcal reflector, whriche, iia t oernty bpinrirtul tiuiucrps soott n thu outrirton of rri Icurtirs or siiictrrrt, frntu artillery andI
hardiiwirl that itnrra be rIrstallerd on ilira aurriift. )'fru noiuntidrr tiertlta yiciliwictltn it; doitairrliur Souiti eulintiongins iroi.utoietiin.
ihifrtir ruaie epumcflrratiorir. a gorreral iesor iplriri ofI theii STRlAD(A Inurrif ri- -itirius. andiriuluii writs, aualy/atu oni fIts basts o oiol u~n l~lty.
ý,ysilvi ai diiirilaut study of its vaiusnirr cowpoetiireis. tho Limitu tririurcVimt. tintilly. aunt iltvtiloiniirliit prateitial fluturctird wag

irluritioni terchrniquess. arid firia role assigneud itfur flinpuirliil at si ii wiiiii ornly rnionIli lri-triiitiorr uyirtslrrr opeiratinig in tirea C baird
tuic-r intt huolutiour of tiria safety trorbluniiie aserisotinitu with Siilqeiiiiipuifty. a sringlel pciteotypsi radar wise fabricate~d tor tinthin

the Iis uer Hlstnin arid atmrosphearicn signal propugoitorn was ripuitrrim hoilid Iirpoitjniricituitii ofi nk thurmnomipt. riold osatirrg of thiu.
explainrei. ain well as Inrformairtonr rr Inrolvmntind uppiteninitcri. Irirtrilytni 14 flow rirntir uvy Wilir llniriti~airin arnd appliciatiron of
rniririr tig. andi coat orpthimizationr Trarl I -1 by Y' J A On, incurnlute Uprituiril tin folloiw Liuccirosful veificio ilrutorif risk

inlion Ar thoi

N76- 23293 Virga Ircitrin mmi kii u . Inc~m. Viennari Vsi
A TRACKING AND CONTRlOL SYsTEcM USING PULSED

N16.23280, 1-dUsrtoir. Gernrrralruserr arid GMowr ltiii . Altrrlicet- TRANSMISSIONS
iluir. N Maxi Test andI Fvaluatiori Dept Itri uvnit)d I Irnip Iii AUA.1 A lIt) naro limit irumnlatitinti. Wuo irriri
THIE HITVAL PROGRAM INSTRUMENTATION bysirirnivls Tirnrit andir "elartedl Tuoratliiiiiu ktib 19763 l~ iC 1)

flobuirt L. Charisy In AGARlD Range lInstrumrenratironr. Weapons ue(u viublt roNI .231-0
(lvhi iris Tresting arid Related Tectiriquins Fairl 19g76 0 I (Fur Threeo ritir.;ilii vir orm lo tif fiul. iurtliii akrire ad Un iltirr

saroli i o N7ft-23283~ 14-09)rtt iewit ~eiiinrnaIt uith hcii iltpitrt r
Thur IllIVA L Prograem. e joint U.- S. Arrmy arird Air Furies teat iinbcrilmurt I'liircipdoN Of (lthilan 't orit)i rlini~ruininii AriLirir0

siuunniriri liy the Director of Defense Resouach and EniiurremurilgN8224 LultlSilDuo ItWI H &El wari noruducled to deltirmhrre the puriobibility of hit liy N78.329 A uuea PS TIONuuiri LOCATIO iouTE FOR, MOir DERNl.Caif
ilrifiriicraft gLrin systemrs firing at fitriet-eni rotairay wing iltuirult.RS A OION L AT NSSTM FBMD N
Thru HITVAL. tast was one rulemnirt of a largor programun tr vehllntit MILITARY WEAPONS rEsrING ANO EVALUATION
anti imrrerov listhIemaetical aircraft attrition urrodelt; Thre IITVAt Whila rut S Ciralunnianil Ii AGA It [ Itiuiugu lir -tuurioniolurteiri. Wetirnuroil

hoogaintstedl five gun systems slrd pi-oduucod a lisrte unint Syrstiems Tuitntiig rif itiiauhi rul acinirtires FulIl. 19761 lb 5
cmrrehrrenrrsive orenprilcal data base from over twor thorusanudr Itult availabilrtity rice N70 2J263 14 0911
igun nirr'.raft ourrageriaileuf. Tirese datalestor ihovr possihble Tho t(irinirnuh Dyrraurriuri Benuen Meaenuierirunrt Sv!terir HIRMS

Uuiplic ollon to inrobletrn of tactics. gunu epatuirr rind neow which rtrlr track ovurt uris fhiiuun~uid tarprnlu. ui rural tirre with
In)rforurrnirrce. arid training Insatrumnr rtatiori uit taclrirnluo3 iuccu~tuivni wifthir two lnuuturrr of trueu pousitinil is ritursinlnerl

uhvooetilitd fuir the HITVAL Program contributerd signirfic~antly to Authufn
ithe state of-the-airt in tire rmeasurement oh gunr pinriuhiuriann
I lrarnitrir; sntil reprusesri advanrcesiIn nesoluthor,. accuracres. ann N711-23295 Motourola, hIre.. Scottsaliae. Aluit 00kairriunrvi
f (Itai lruidirhnrg lor these eu-d other genericn systonni onaru for Eluctrrirnic Div.

evnrluiretcn last programs. Author AN INTEGRATED TARG&T CONTROL SYSTEM
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1B. W. B.ll andt R. nl. Smith (Naval Air Systems Command) rIn Stattes Army F.Ioctron P~rovingt Groundi The livoltitionuiry liltownsl
AGAI4O Flangli Iritrunlilntation. Weapons SyVtesnu Testing aridi ofl nI lutitionidynatic r1oinpatibility tabitirg fiumi youtordat,*
Realatedt Techniques Fab 1078 11 p (For availability soo, tLiitly. tomlii-inwiniirnon fild-tastlnU; pirtmliml to timi auitoimated.
N75-23283 14-00) inpuil tost Iticitluili ill today ir diociuslild. Tostirtil methodoluogy

Thu IT CS (Initegrated twigit Control Systaitii whivi~i 14 it arid a' otytilii tot-hioltuos uasbonlatod with factival roodaing and
mudeiri control uystarn developed. tooled. arid cirfuiitly Ili iilcifornru piuoIodiollon ala addraonrid to pirovide a coiiiralion
opuiratiollla 1181 by Ilia United Stateit Navy Ii dsciMIILevI flie sivii cotinmilion (it the ollatturiniullntlio conilpatihliliy assassmient
tICS iiitogrtale (tie C3 (command- ionrotil. anti cornitniilllalicjrlsl iicii(iiTv Author

flunclionA Int a Slingle two-way communhio lion link jI~otifictifly.
I TCS Irulisi its icoinit~indi to theu cionri. raowilvoN1 tloleiotiut froim N711-23300 o bUifil (m i. Still WloUll. C~alif
thot drniouland provides d~roine insiation by triavoitin Iin iamjo. AIR COMBIAT MArNEUV~LIINIJ RtANG~Eagirmuth. aridi iiloivtoli. rti8 I TGS is also copubltij of biliouita rniolumi;i A. Ftiirdtrliiait and rlhcio W Lutonl In MAtiAH Hantill
neout um tiiiIii of iiiii~lipliJ dianlill. The rnlllr tioitni' atel. Itli)t ii'rrili ifi. lptiipl1. 5ylttupill 1 ai~tiiig arid lIt lIeld Tech-

hocutono indng o ho ttlticll f to ovoopiion pfgraiI tinjusix I-oh. I U P 20 Ii Witt tiviihllthiiIV toe N70I 2.4 283 4-09 I
(2) ilIsyiiult dlictilionI intlluiiiitl ltl usnau t curiu unis. KUtheua A tno rlili li rung fh pfciv l i

dsi.irllition vu5111 hII potiiitritfl toiihnicalil retahlli. Wb WA¶. hlidlillil inu,,ilu uqutiippod a111,1 ,tl il dolutiirutld. I tio all %imribut nrnlneuverinte

o LICR~IVdliltlly IiorriUlnk.iilitio I ICb nhiliiiilt~ilia. atini Wi) spiitiioiit il aiungi IACMRlI hiwlultuniolalion systa in onoty~ob and dltiplays tha .
ft ITCS Io -luilor tlijil Complexitiestll. Alithoil flnionv of luaunc~h platforim. rlinisllo, arid taCrget1 Ii a mariner

plerintting itolarate rerognuiiorl of evlfvaope arid dullviuilpmant tof

N76.23296 Yiilmu Proving Gtl urinr. Amr markedrly tnIminvoil tuehihiroo offethiviinril Slid n1,1"rinuy. Aulhui-
PREWCISIhON AIRCRIAFT tHACKING IIYSTFA4 (PAT$)
Wiltiorn W. 11,Itilu lIn AGAHC) Amlto Ioslruol"iillilliirrl, Welupiuiir N78-2330i Air Ihroe fipo~lI Wompllotifl Canltorl Klrtliol APRI.
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N70-23303 6DOM Corp.. Albuquerque, N.Muni. the restt auction as given Moanrrs to affect Iira turbuilence in
ROLE1 OF SIMULATION IN OPERATIONAL TEST AND older to meat the LEIIRT re~qurrerrrarrll are outlined After a
EVALUATION short review or the development of cost eritimetles sarre op~tions
C. P. Sammense. W. H. Norris. and ft. S,. Buchanan In AGARD aer discustod which promise significant reduction inn uorrsru'~trnci
fRange lnnstriumaintatrun, Weapons Systems teoting and Related corits withorut impairing performance Thabo b-Autionnn are tihe
Techniques Feb. 19718 4 p (For avalasbility see N76-232.83 application of prestressed concrete for large parts of the
14-09) construct ion. loweiing the stagrnation temnpmnrnrurrr by err amournt

The Or and E ýOptrofioniaI Test and Evalulirtarc pr~ocess Is of approxiriantely 50 C. and oferatrn ati cryogriric terrrlrra.
Included as or, integral pert of the evatirn) acqtisiltion process, tures. Author
aild Iis the recognized method of measuring arid assessing the
ritiltary utlity. operational effectlyeness, arid operel~ratioa suitabitity N74-25217 Office National d'Itudnes fit (to Haceirrcies
of proposed systems. The tffectiuri use of simurlation (0 reduce Arsrosatrixtlea. 'roulirise (Fraintril Dept rfAnrrothrmrrrorynarni
cols rif 01 anid E Is IllustrLited. Proper virtectiin, upplicatlion. qua
and rise of isimu~lations tinrrrreser the productivify of the OT and E CONCEPT AND DESIGN OF AN INJECTOR DRIVEN
Process by reducing costs. pirovidirig othearwise unattainable data. PPRIBUFrIIZIC TRANSONIC WIND) TUNNEL
and 0 inffrrg rmore timely arid validr r41111,1ts. The logic arid toohniquac At. Michel. A. Mignoti. arid C Guerriiard fIr AGARD Wirnrd
Of simulation application are also epplicaIti to tihe development Tunnel Desigun anti Tosting Tech Mar 19370 9 p rets Ini
process saird joint NATO exercise%. Art example Is included of FRENCH: ENGLISH aumrnary iFor invarialbility see N76-252 13
the application of largo strale simulation to extend the rejiulte of 1-9
field testing. Author An imjeator driven proessurized wind tunnel, which reprusents

at a 1/10 the suaie the project propostid fry ONERA for
very high Reynolds number ttr~sronic facility, list been buiit AN7O.26213# Advisory Gro6P for Aerospace Ressearchr antieoitn ftistne sgvi s eia h eul

Development. Paris lFratice).obandbstdighepolmretngoIiafcinngf
WIND TUNNEL DESIGN AND TESTING TICIINIOUUS obaind byitat tudyivngtepblsrlaigl tthe funtioigof
Mar.1976 489 p refs lProo. of the F-luid Dyn. Panel Sylmp.a.netrdientne.Ato
(ACAARD-CP.174) Copyright Avail: NTIS HC 512.50

Fluid dynamicks In wind funnel model design, tooting, and M76-25218 Touhrrion - Isarel [net ot Tech. Hlaifa. Dept of
interference proiblemse for subsonic and trarnsoninc grmnurd tost Aeronautical Engineering
facilities lirodeisiled. For inidividual titles. seer N76-26214 through IW'DUC'TION WIND TUNNEL PERFORMANCE: TE ST
N76-25250. SECTION FLOW QUALITY AND NOISE MEASURE111MENTS

J. Romn, J. bruits. and A. Steipinr lit AGAIID Wind Tunniel
11176 .252160 Natiowrl Aeronautics end Space Arlminiattration. Design and Testing Tecth. Mar. 1978 8 p rafts Fur anelahilty
Langley Research Contfirm, Langley Station, Vai. see N76-25213 16-091
THE CRYOGENIC TIIANSONIC WIND TUNNEL FOR HIGH Flow quaelity nmeasurerments obtained In tire 80om x 80cm
REYNOLDS NUMBER RESEARCH IDT arit presented and discussed wilt partricrlar emrphasik oii
Robert A. Kilgors, Jerry B. Adcock, anti Edward J. Ray In the noise and pressure flutiluations. Measurements oif thni flow
AGARD Wind tuntrel Design and Testing Tech. Moir. 1970 uniformity In thi test sectioni, over the Mach numbirbe range of
tO p refs lFor availabililty see NI0.262131 16-09) 0 4 to 1, 15 obtained by the operation of a circumrfererntial Injector.
(L-10032) CSCL 1148 are presented. Extension of the March number :oirge to low

Based an theoretical studies and experience with a low speed sutiscisnic Mach numbers is discoussed. Measurements of
cryogenic tunnel and with the transotnic cryogenic tunnel, the turbulence by a hot wire systemr are presented atiowiitg that

(I ~cryogenic wind tunrrel concept has been shown to offer merry the turbulence level Is between 0.5 to 1 0. Tire higih turbulence
advantages with reapect to the attainment of full scale Reyrrolds level at the nozzle walls decays to a reasornable level at a distance
numnber at reasonable leivels of dyrismiq pressure in a ground of less than bein from the wails. Noise measurements were
based facility. The unique modes of operation available In 4 performed using mictophontai irretiolird iii various positions Iii
piessuricgad crryogenlic tunnrel make possible for the first time the the test laction, injector exit anti first diffuser. Model vibrations 1.
separation of Mech number. Reynolds number, and aeroelasatic vjere measured by high speed plrotourapiry The vibrations are
effects Author found to depend an the natural frequency of the mrodel sting

balance System When this frequency is in the vicinity of 20 to
N76-26216 Royal Aircraft Establishiment, Bedford (England). 30Hi, resonance vibrations ore excited by tire Injector pressure

I.THII ECT DRIVE 9SYTEMr A DEMONSTRATION OF ITS fluctuations that are concentrated in this low frequency range.
PRACTICABILITY AND UTILITY The overall flow steadiness Is demunstratud by results of buffet
P G. Pugh, W. A Beckett, and T. G~ Gall In A(URD Wind onset measurarments on a model of a delta wing airplaen whicfh
Tunnel Design and Toouinrg Tech. Mar. 1978 15B p refs (For correlated well with the flight test results Authr~t
availability sees N76-26213 16-091

A description is given of the construction and operation of
a small, ECT driven, transonic wind-~tunnel. The dynamics of each N5229 LcredCitri o.Branr
essential feature of the ECT drive are considered In turn. The N6229Lolvi-ilfri o.Brak
flow generated by an ECT drive Is shown to be of very high NOISE AND PLOW MANAGEMENT IN SLOWDOWN WIND

queit. Frtervi a isussonad om tyicl aroyneicTUNNELSqualty.Furher vi a dscusio ofsom typcalaerdynmicEdward L. Whitfield dir AGARD Wind Tunnel Design and Testingtests that have been performed In the tunnel. it Is shown thet Tech. Mar. 1978 7 pi refs (Pot availability sees N76-26213
such a high flow quaiity is not merely a desideratum. Rather, it 16.091
Is art absolute necessity if irlany imrportanit classes of tests areA fotbwdwwidurnlwsdegndtopcfctos
ever to be successfully coirducted in large wind tunnels with oriented almost exclusively toward supersonic operationr, withr
short running times. Author the result that flow quality at subsonic arid transorico speeds

was unduly compromised. Several recent tunnel modificatiorns.
N76-25216 reutsche Forachunge- und Versuchslansteit fuel designed to correct this deficiency. hrave resulted in a reduction

Luft- und Raumnfalht. Goettingern iWest Giermany). tinat. fuer of the test section pressure unsteadiness erich that the present
Stroemungaorechonik. level compares favorably with thait found in closed circuit.
THE LUDWIEG 'TUBE: A PROPOSAL FOR A HIGH continuous wind tunnels. Experimental efforts with a 1 / 1 2-scals
REYNOLDS NUMBER TRANSONIC WIND TUNNEL model tunnel, used for the purpose of estabisfhing suilebie

H. Ldwig, H Oruerarstnse, ard W Loeno-aye /nmodifications, are recounted. Model and full scaliu turn ii data
AGARD Wind tunnel Design arid Testing Tech. Mar, 1976 indicate fhal a signrificant reduction in tirrotthe vulve lirduced
It p rats (For availability see N76-25213 16-09) noise levels can be obtained by, breaking up tire valve discharge

After a brief review of the historical development of the flow into a large number cif mrninl lets. This aptproach yields lov.
Large European High Rteynrolds Number Tunnel (LEIIRT) anti i4 turbulence flow even withr a preennire ratio across the valve as

largeme 3: 1.Authorspecifications the advantages and flexibility of a Ludwieg tubaeag a 01
drive syatenm are outlined. Special emphasis is given to Ihe
development of the boundary layer in the charge tube and fitl N70-25220 Vereirrgte Fiugtacfrniscir Works. Fo~kker 0 inb H.
Influence on the flow quality in the teet section. 'the theoretical Bremert (West Getrianyl
predictions of boundary layer growth are confirmed by expenimin- LOW SPEED TUNNELC WITH TANDEM TEST SECTIONS:
tell results. An Improved prediction method for the turbulence In A CONTRIBUTION TO SOME DESIGN PROBLEMS
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Berind Ewaldi hi AGARD Wind Tunnel Design and Testing design of the facility is described with special emphasis on the
Tech Mar 1976 14 p rels (For availability see N76-252 13 unique features,. such as ilhe drive system which absorbs nearly
16-09) four times the power without an) increase inrit nise. and ther

The boulidlint expeirs9s of a low spend wind tunnel are a large flow diversion devices required to interface tire two lost
function of test section sios arrd masirnurn spead. During the sections to a singie drive Author
designr of the tirunnoi a cormbination of both must be chosen
which gives the fbist cost effectiveness for the proposed use ofN7-24'catnCop.Bfi.N Aeidrnic eerc
ilire tunnerla Tis mrain dlisadvanitag~e of the taridemr test section N11-52*ClpnCr. ufl.NYArdnmcRsac
layout is its g iiust overali luoirtli Mirnirumtuiniquirird length of Dept.

iirclslirei uit irrttot owfied asdeivd no v rou tstEXPERIMENTS WITH A SELF-CORRECTING WIND TUN.

reorrirnurentri mid mi roudei scale corrsidlerationsr Moderni numerical NE L
low fied cnicuiation mrethiodis Were) used to finld Out tire tefit Ft. J Vidai, i C- Erickson. Jr . and P A Catiin /it AGARD

siucttoi flow field riistcrtrorr rindluced by tire maian nzieo arird tilea Wind Tunnel Design arrid Testing lisch Mar t1976 13 p nets
intermiediate riuiwi bentweenrr tho iost sections Optirunum nozzle Sponsored in perr tip NASA aird ther AF (Fur availabiiity sonu
designs for uinifotrmr exit velocity induce considerable flow field N76-25213 16-091
distortions upstreamr into ftse settling chamber respectively Into (Contract N00014-72-C-0102)
the large test section in tire case of the intrtrnredlate nozils of The feasibielity of controlling the flow actively through the

walls of a ttansonic, porous wall wind tunnel in order to minimizea tandem test section layout. This upstream distortion may be wall Interference effects on a test niodel is darrronstrated. The
compensated to Homeo extent by a slight expansion at lbs rear .tdabse Liflm sungf ciriitafth

end f te fist eatsecton.Calulatd rsult fo ths coitese-disturbance velocity at discrete points aloing an in aginary, surface
lion are given. Another contribution to minimum overall lengthintefwfilwthnietusrlA iaheaiclonraiui
may be found in the design of the settling chamber. A novel
design of cooled rorreycumnb gives the required cooling perform- of the flow field exterior to the nuifacs including the boundary

sinc inconbintior wih lw dag nd ood lowquaity Incondition for urnconfined flow. I u . that oll disturbance vanish at
combinmat ion with this study a wide variety of wind tunnel cooling Infinite. is used to deatermint; if these measured velocity compo.
strbhinwio was tInvestigatedl in detail; results and criteria for the neirts are conliSternt wvith that boundary condition. If they are

f.fiinal selectionr of itia cooling system arle included. Author not. tire theory provides at better approximation to the velocity
component for unconfined hlow, arid thre flow thrrough the tunnel
Wells is I'lredjusted Iteratively until lbs measured quantities arei

consistenrt with unconfined flow. A lutiet review of theoreticalI.N76.25221 National Aerospace Lab.. Amsterdam (Netherlands). maiholds Is follIowed by a description of firs Caispari self correcting
DESIG N AND CALIBRIIATION OF THE 11/10TH SCALE winrd tunnel design and operation. caiblrationt with and without
MODEL OF THE NIR LOW SPEED WIND TUNNEL LST active wail control Typical results obtained by approximatinga
8XS conversional porous wall wind tunnel for an 0012 airfoil show
J C A VanDitshluieii /tt AGAIIO Wind Tunnel Design and that active well control largely reproduces the correct shocki wave

Tetng Tech2 Ma 197694 p refs iFor availability see posit ion, eliminates well interference of lift arird dreg, end reduces
N76-521 1609)the interference effects orr pitching mioment to 10%. Author

A model was built till scale t1.10 of the L61 8s6 wind
tunnel to Irnvestigate the aierodynamic design features and provide N6225 Ofc elie ~ue td icece
add ilornal Informairtonr coincerning unconventional Items such asN6225 Ofc Ntoa 'tca a oflcocu

a trottle for augienotation of ithe circuit loss factor and a system Aeroapatiales. Paris (Franice).
for Intermittent venrtilationr The thesign philosophy is outlined, AATV ALTASNCWN UNL
followed by a Survey or thre results of the calibratiotnWhr Jean-Pierre Chevallier In- AGAFID Wind Tunnel Design end
possible theoretical predictions and esparimeittelly obtained dataTetn T-h Ma 176 8pri inFENI, N IS
have beun compared. The results indicate lhet the requirements summery (For availability see N76-25213 16-091

whic ar setforthefullscae tnnti wil b met AuhorTo remedy the difficultias at application of wail correction
whic ar setforthefailscae tnnil wil b met Auhoreffects in high transonic flow with nonlinear phenomena. a new

concept has been proposed. It consists hrt art active control of

N625222 Dornitir-Werke G nn.b.H . Friedrichehefen (West th-perturbation component normal lto the wail,. based on the

HIGH-EFRAC NO PC WID1N E usd h unlsection.Th paper deals with the principle
Ersfro Til i AAD idTunnel Dessign and Tasting study of a Pilot facility, the first results obtained In two dimenrsional

Opti.Mum 97 c icti(or avnd laeometry sef aNl6r252low1speed flow, and the conclusions coincerining the development of this

wind tiutnnel. which will be equipped with Iwo test sections of rs Ato
different sixe in cider to enlarge the operational spectrum. is
discussed Fur a converrtionral Wind tunnel type with a closed N75-2522.6 Southampton Univ (Einglanrd) Dept of Aeronautics
circuit two tposslibilities [srid tiratriviives 10 the test section

arragureirt tir tadeir corfigratn o a sate ofand Astronautics
arragemnt iia ande cofigratin o a sste ofA LOW SPEED SELF STREAMLINING WIND TUNNEL

exchaingeable fest sectiorns Art opntinmum solution with regard to M. J Goodytir Int AGARD Wind Tuinnel Desigir arrd Testilng
constrructionr volurne. ecurnomric uitilization oft thre irstalled power. Tech Mar 1976 ' n refn Sponrsorerd by NASA (For availabrility
and good flow quality led to tlia ideia of the mullitube miultifan so N76-25213 1 191
compact wind tunnel, a cornfigurattioni in which each of tire twoAtwdiesoatst-cin talwspuwndunl
different test section areas is linked with a corresponding number Atodmnriu etvciniislwsei rritits
of diffuser tubes, each of whricir alid after the first two corniers is producing fluw conditions fres fromi wailh inerefererice The
tin a separate fan with anl adjacent diffuser. Authortetscinasloiltp ulbtoriwlr.nirgdstlwl -

frorm u',niitc the irtottos str iitit ititei spooniiniig thutlunrrel. All
N7 5-2 2S 2 3 * National Aeronautics and Spe Admniiristrion %cuv acl s .T o iiiirrrinatih.emi hrtnell wallkttrum are winisitroirtid liv
Ames Research Center. Motffett Field, Calif svpii h unirtrt stilr i iurttnn ultics
THE RATIONALE AND DESIGN FEATURES FOR THE 40 witinirs the winloi itriroil tin Surudiffiii, rrrrtiia r p~kr cetsir

BY 80/S0 BY 120 FOOT WIND TUNNEL flur riirtwii w rirh fire mode ftint tririuri umuh crritltr o ii chek hei

K. W~ Mort. M Wi Kelly. and D H Hickey lIt AGARD Windtt cuirtlutis Whniliar h static lilttiri~iut itii;tribuittiolin ili t l est
Tuinnel Oesigii arid rnsting Techr Mar 1976 5 p refs (For rtnrcttirl alonig n rcolittritit fleibeswithn mulriatchnthauu t cornitlutsd
availability sofe N76-262 13 1 6-09) fion art 1rririgritary flow fliidr tpassirng civi tinu irrisirlr of tN) sattire
CSCL 14B contour. till wall is a rrtrirsiirluir in air rifinttiu flow fieltd arid tirea

A U suvarrui crease ins tine test cuireibilily of f1ill scalao lrc,t siection flow is ritle front wail rrrtcrfiirornu A saint,, of Itratia itoll
wind tutnnels is curistilred ItI order to determinire tire mnosf cost btrrtpnl tire wails froim st iortlirt toi xli towuniis I llustrative
effective mroarns feti pronviding thins desired inrcaeaau oii test cettabiliry. itet~ir'ndyiatti. (lafti h iins tititfit. taken ott it bluiff botly uirra
a sette!; of rdesign Nituiies Verra condihidid crf vaiolis new facriltins htirirng wingu Authort
es well as of marjor irotlificatiorrri to tihe narrutrg 40. by 80 footf
wind tunnel The trust effective tradle betwenei lost tunabtillity
and faicility cost wars pirvivded by inpowerrirf tlir exuistring 40 by
80 foot windi tunntel to inu itasui the toaasntunrit speied frorm 200 N76 26227 Nittiotril Aetnspeicih Lat). Anistaidani I Neth l lreiods)
knots to 300 knots amnd by then audititoir of a inew 80. by THE EFFECT OF FINITE TEST SECTION LENGTH ON WALL
1 20-foot tortI sectionth avinrg a 1 10 knt ml riiittniii bitiiti Thu INTE11IFERENCE IN 2-D VENTILATED WINO TUNNELS
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J W Sleeff unit W. J Piers /oi AGARD Wind Tunnel Design N76.25231 ARC. Inc.. Arnold Air Force Station. Tsiin Von
unit Tooting Tech Mar 1976 11 1) refs (For arvailability se Korman Gas Dynamics Facility.
N76i-25213 16 09) EXPERIMENTS TO ABSESS THE INFLUENCE OF CHANGES

the effect of tlia ventilated walls oir the flow in the wind IN THE TUNNEL WALL BOUNDARY LAYER ON TF.ANSlI
tunnel is tisufilly describerd fy a so called horririgeveou1.s boundary WALL CROSSFLOW CHARACTERISTICS
condition. in tihe ciassical approach a linear Ir b c is used which R. F. Starr In AGARD Wind Tunnel Design and Testing Tach.
ix further tiased on tlia assumption that the ventilatie'. walis are Mir. 1976 11 p raef Sponsored by the AF (For availability

I'of infinite isirgth Tire cilassicai theory has been extended to Tee equivalent pooiy0 ftetetSc09)al natrnoiiticiurle a modificiitionr. which rinaktis it Irousiribe toi take into Tr qraaiprst fteta eto ali rnoi
account thu linirti ieiigth i iia h test sectionr. incirisiori of higher wind tunnei with a fixed geometric porosity and varying well
order effects isidi~lrr to ii conirisrtrrt suconrl cooriln theory The boundery layer disrplacement thickness. has been Investigated.
rersiits indicate tiiat the leirgtfh io height ratio of tiria test section Previous experiments have deamonetrated that the boundary layer
is oril imrportanit pruirrrrster in voitietitri wail iritailerence. irinctel idispltacement thickness on the wall Influences the wail crosaflow
posit ion anil pleiinuim pirissir i call fix iser to inininitiiiro wall chatracteristic Experimental date froni a Ludwieg tube type of
iiiterfeierice effects. Author liriaolbic tunnel9 are compared to data from conventional transonic

tunnels in the Mach number range from 0.95 to 11.115. The
N76-25228 National Aeronautical Establishment. Ottawa displacement thickness studied is comparatively thin erid

l~nitrlol.represents typical values which wll be encountered in future
INFLENC FUCTIN MTHODIN INDTUNEL ALLhigh Reynolds number transonic tunnels. Bated On the change

INTCRrERENCE PROBLEMS in static pressure measured on a cone cylinder modal, it is shown
that e factor of two variation in tlia funnel wail displacementM. Mokry /ii AGARD Wind Tunnel Dssxfign and Tasting Tech thickness results in an equivalent wall porosity chaonge of leas

Mar. 1976 10 p alas (Fur availability see N76 25213 16911ta onpectinherge.3ltshno, cidto11A new general method is deacribedt for computafion of windthion pectinherge01 lesha oreulo
tP tunnel wail Interferenice effects in subsonic lineatirird flows The rlispfacemanf thickness/d lass than or equal to 0.28. where d Is

tirrfiiieircO function, introduced ax a fundamental solution satisfying the wall hole diameter. Author
fhe prescribed wintdtfunnel bounidary conditions. ploys the centrai i -

role In the presenf analysis. Tire met hod isl applied to subsonic N76-25232 Royal Aircraft Establishment, Fornborough (England).
flow pest eli airfoil betwean perforated wells, arid compared Aerodynamics Dept.
with rireasureinentsb fioni tire I6 in. x 60 in test section of a THE COMPUTATION OF TRANSONIC FLOWS PAST
5 it tilowdown viinrd tunnel Further exaniples concern a AEROFOILS IN SOLID, POROUS ON SLOTTED WIND
nrulti-coipotieiit airfoil, finite cascades of blades, anti the vortex TUNNELS
sheet rolfiip biehind a wing in a wind tunnel. Author D. Catharall lIn AGARD Wind Tunnel Design slid Teoting Tech

Mar. 1976 10 p refs lFor availability Sea N78-25213 18-00)
A method Is described for computing two dimensional invisoid

flows at transonic speeds In wind tunnels in which the transonic
N752529 OffceNaionl i~inrseatdo sehrie mail perturbation equation is solved. Because of the use of

Aerospetielee. Paris (F-ranrcs). coordinate transformations, which transform the infinite physical
WALL CORRCTIOS FR TRNSONC THEE.pilrne Inito a finite computing one, far field boundary conditions

DIMENSIONAL, FLOW IN VENTILATED WINO TUNNELS urn relatively easy to obtain end apply. The effect of tunnel
X avier Vaucheart and Joan-tCharius Vaysbairs lAvions Matcel walls on the flow hole been modelled by using the usual
Dessaulti In AGARD Wind tirrnef Design and Testing Tech, homogeneous well boundary condition. Comparisons are made
Msr. 1976 18 1p refs In FRENCH. ENGLISH summary (For with some experimental results and the free air and tunnel versions
availabuility see N7B- 26213 16-09) are used to assesis the ability of linear subsonic theory to predict

After a triaf expilanationt of tfie necessity for wall coniec- tunniel intearferance coriectioris when the flow is transonic,
tions. two nietfiods for calculetirig correction factors are then Author
considered. tfie analyticial iiehoit anrf the vortex lattice method.
The expectedi accuracy an(] Some practical eixamiples demornstrate N76-25233 National Aerospace Lab.. Amsterdam (Netherlands).
the poswifiltitre of tfiose two rmethiods The nmethiods for defining TWO-DIMENSIONAL TUNNEL WALL INTERFERENCE FOR
yninnitunnsel vetinae walls ais anelyzed. The detailed method MULTI-ELEMENT AEROFOILS IN INCOMPRESSIBLE
ior cobtainring flhp low to define aerodynamic PerNieabiiity as a F LOW
fuctitotin nf Machi r~iuniber is thiorougihly explained. Examples 0 DeVries and G. J. L Schipholt In AGARD Wind Tunnel
appliuri fit intiotiriail luosts ilurinonestrata theiirmethnods used. Criteria Design anti lesting Tech. Mar. 1976 7 P refs (For availability
baneit onl the confiidesnce level which canllx he rated toI correction see N70-2,2 13 16.09)
poririlt graphs to bii pltottfed for dutinli the size of wind funnel A singularity method has bean applied to calculate two
inortuls Author dimensional tunnel wall corrections for moutifi'alment aerofoils

N74-523 Anorlolicl Rseach frst ofSwedn. rom-naThe calcuiations show, that the weil known corrections due to
N~mi2620 Aintsriicu Rinivrcirfirt. l Sede. Bonima laueart can be applied for a single aerofoil. except the pitching

FLOW PROPERTIES OF SLOTTED WALLS FOR TRANSONIC moment correction above 15 deg angle of attack, but that the
TEST SECTIONS Olmuert approach fails In the case of trailing edge flap deflections.
Surr, If oridit auit( -isir Soririsair hir AGtARD Wind Tumnnei The results of the calculations agree with the strong non linear
Oc,jsrpr end Testing luchr Mar 1976 1 1 Ili refs lFor availability rersuits found by De Jager end Von do Vooren for a hingeu flat
sue N76-26213 16 091, plate at zero incidence Author
(Grant AF-AFOSR.2184.77)

A theoretical and experimentai study is reported on flow
thrnoughi slotted Wells Linder a variety of conditions. The ultimate
ublnoctres in to nmake possible accurate numerical computation of N70-25234 eritish Columbia Univ. Vancouver. Dept of
vatrironic flows around models in siotted teat sections. Considered Mech anical Engineering
is slot flow configurationr typical of two dimensional, low lift A LOW-CORRECTION WALL CONFIGURATION FOR
tom~s at high subsonic free stream Mach numbers. With the test AIRFOIL TESTING
sutiotiin empty the slot flow is outwards, into the plenum chamber. C D. Williams and G. V. Parkinson lIi AGARD Wind Tunnel
arid tins remains true over a isige part of the test section when Design and Testing Techt Mar 1976 7 p rats (For availability
flirt node) is introduced. From oil flow pictures and pressure see N76-252 13 16-09f
mreasuiremernts in cuid around the slots it is concluded: that the Tire reduict ion of wind tunnel wail correctioins in airfoii tasting
%lot floiw is slightly influenced byv the presence of the wail boundary by a transversely slotted wail opposite the suittion side of the
layer. that the flow within the slot is attached and approximately test airfoil. anti by a solid wail opposite the pressure side, Is
inrunscirl althrough influenced by boundary layer formation, that considfered The solid elements of tha slotted waif are bynmaetri-
tlire hlw enters the plenum chanmber as a thin free jet, and that cat airfoils at tara incidence. Thris geometry permits the flow to
tirea trainsverse velocity in the let end slot is too large for rt assume closely the sfrearrline pattern for unconfined flow, Without
liniiear pressure drop equation to be sufficiently accurate. Whuni degrading the flow quaitfy through shear layer mixing near the
tire slot flow turtls beck over the rear and of the model it may test airfoil. The theory uses the potential flow sufnrl source/
urdinlit stagnant air from tire plenum chamber into the teal nection; element method, with Kuttar conditions satisfied on the test airfoil

tirea abilirty of the siot to maintain a pressure difference across and the wail slats Iii aegrerimarits using a range of aires of
thre wail is then, necessarily reduced. Based on these observations airfoils of three differenrt profiles, good agreement with the
atentative flow model is proposed, yielding a relationship between predfictions of the theory has bean obtained. It appears that
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the plessure difference ecross trire wall and the transverse velocity airplane drog can be achieved in the wind tunnel. Data from an
through the slots. Author isolated and an installed tast with flow, blown. and tur-

bopowered simulator models of a high bypass engine nacelle
on a four engined subspitic transport are shown to verify the

N7S*2523S Loitkheed -Georgia Cao Marietta validity of the feet procedures. Author
DETERMINATION OF LOW SPEED WAKE BLOCK AGE
CORRECTIONS VIA TUNNEL WALL STATIC PRESSURE N7S.25239 British Aircraft Corp., Warton (Englaind) Military
MEASUREMENTSAicatDv

J E anktt ad 0J Wisde In GAR Win TunelAIR DRIVEN EJECTOR UNITS FOR ENGINE SIMULATION
Design anti Testing Tocht Mar 1976 9 p trefs (For eveailability IN WIND TUNNEL MODELS

seeN762523 1.09 R. Whitaker. A W Mutthews. P -G Knott. R Angel, end D J
A theoretical method haa been deffined lot determining wind Stewart In AGARD Wind Tunnel Design and Testing Tech

iwnnsl %olid/bubble and viscous blockage front wiind tunnel wellMa176 5prts orailbitseN62213109
and roob pressure ireasurutomurtits irnvolvirng lifting or nonilifting. The air driven nejector as a means of providing engine flow
powered or iirpOWeriad Mrodels Three finite span line sources simulation is discussed 1ho characteristics of the ejector and
are used which are deflined by five geometric soil two flow lite ability to simulate a wide range of engine typee and flight
parameters. Matching these parameters to the measured interim conditions are outlined. Itis shown that one dimensional theory
by an engineering solution is suggested. Thre method has been with empirical loss faclors now permits accurate performance
applied succesalully to blockage calculations for a series of normal predictions to be made. Recent experimenetal work has extendedI
flat plates. Other experimental results. Involving more typ.ical wind the scope of the empirical knowledge. demonstratad the maults
tunnel models are also discussed Author of supersonic primary nozzle ejectorsi aitd Improved the state of

the ant of elector design. In low speed tunnel tasting It his
N76-25236 Deulsofte itorsoftungs- und Versuchsanstait fuer been demonstrated that for a high bypass ratio engine simulator
Luft. und Flaurnfehrt. Cologne iWast Germaeny). good ealt velocity profiles cen be obtained and the linstalled
IMPROVED DISPLACEMENT CORRECTIONJS FOR BULKY performance well predicted tinder varyinig esternal conditions
MODELS AND WITH GROUND SIMULATION IN IUBSO~NIC Also, correct exhaust and Intake momentumn coefficients can be
WIND TUNNELS achieved at acceptable tunnel speeds even when using relatively
Gerhard Schulz Int AGARD Wind Tjnnel Diesign and Testing low drive pressures Author
Tech Mar. 1978 7 p refs IFor availability see N76-26213
16.09)

Wind tunnel msiasurementu have to be corrected owing to
the finite dimensions of the tent section. There are several kinds N76-25240 0 ornier-Warke G.m bHI., Friedrlchshdfan (West
of corrections, natrrelir displacement or dynamic pressure Germanry).

'Icorrections. dowirwash or direction corrections, and pressure MEASUREMENT TECHNIQUES FOR JET INTERFERENCE
gradient corrections Tire numerous publications known orn this EFFECTS
subject do not slats anything about the tolerable displacement Jan VonDerDecirer and Roland Jous /m AGARD Wind Tunnel
up to which the corrections are still reasonable. This work presente eii n etn ehMr17 ~raalblt e
quantitative and physically founded statements about this point.N72 t3109
The decisive cognitiont is that. Ili thre case of too large a blocking. Three mrethods are dlscussud: (ll the suim of jet thrust
the correctioiis take markedly different values for differenti parts and aerodynamic forties including jet Interference pis measured.
of lthe modal surface linhomogenetty of dynamic pressururj. The (2) the jet thrroat itself is not weighed, onlyl the aerodynamic
results may be summarized as follows. i1l big diaplacement forces working on the model including nlo interference are
has to be avoided. (21 bulky models produce in gerreral considerably mea61sured. stilrl (31 tire thrust vector aird the aerodyrramic forces
larger corrections than bodies of revolutiorn of equal displacement, are weighear separately by two balances. For alt lthree rnrathods
unless special cases arre coirsidered, 13) eccentric position of C uml speetd pca rbsnI h orc
the modeliIncreases firs corretctionrs arird tire iirlonirogeneliy. end calibration of the different let simulation systa is under as realistic
(4) Inhomogeneity cannot be corrected Author conditions as possible including the effects of onset flow. For

tire mentioned three cases, the calibratioin method Is discussed.

N76-25237 Office National d'Eludes at do Reuhercftes Ato

Avrospaltiales, Panes (Frairce). N76-25241 Deutsche6 Foractrungs- urid Versucirsanstait fuer
ACOUSTIC FLUCTUATIONS GENERATED BY THE VENTILA. Luft- sod Raurnfahrt, Gostlingen (West Germrany).I
TED WALLS OF A TRANSONIC WINs) TUNNEL INVESTIGATIONS ON A PLATE WITH UNIFORM
Xavier Vaucharet Ini AGARD Wind Tunnel Desigin and Testing BOUNDARY LAYER SUCTION FOR GROUND EFFECTS IN
Tech. Man. 1978 10 p rafs In FRENCH; ENGLISH summery THE 3 m X 3 m LOW SPEED WIND TUNNEL OF DFVLR-
(For availability sell N76-25213 116-09) AVA

Ini order to reduce thre noise level due to the acoustic R. Wulf Itt AGARU Wind Tunnel Design end resting Tech
1 iarlurbations genterated by the wall perforations in the transonilc Mar 1976 7 p refs (For availability sea N76-26213 16-09)1
tent sec'tion. a classification of the noises emitted by several A plate withr urrifoiirr bOLindery layer suction for ground uffects
ventilated pasnels Iniserted irt tire taut section was established. measuremenrts is reporoted. For mneasuremenats withi different mtodel
For this experimenrtation. the horizontal perforated wells are closed clearairces the ground piaie cart bi irroveth contintuously through
with adihesive tapes covering the holes. A solution consists of the tent section. Tire veiocity profile at various positionro on the
gluing. lirsirue the test section i plastic gauize with small innesir clean ground plate was imiaisured with a total head pressure
on the originai wells The uinantage of this solution is thea rake for diffierenit suction coefficients. A suction coefficient of
conservation of the origlinai wails. it allow's reducing the noise C sub Q 0.0066 is adequate to reach urniform flow with a
to a level wettilar to that mreasured for solid. i e. closed, wall, boundary layer less than tO nrin thick. Depending on the suction

Author coefficient, the flow inn the vicinity of thre plate is dleflectod towards
the plate by Sit angle of C sutb 0 in additionr grounrd effict

N76-25238 Boiliing Coimimercial Arlitlane Co . Seattle. Wash niessurernriets hiss been prsrforinted on a VTOL model with air
NACELLE-AIRFRAME INTEGRATION MODEL TESTING FOR engine systoil of two tip turbine driven fans; arid cascades to
NACELLE SIMULATION AND MEASUREMENT AC- deflect thre jot by 90 dag, lIt a positionr close to thi ground
CURACY there is a retmarkable Iniflunjrce oh bioundary layer suctioni
R Deuber. W 8 Gillette. and D C Tegeirir In1 AGARD Whirl Hysteresis eftects atre reduced try bourrdary Itayer suction Pasuito
Tunnel Designi iarnd Tnstiing Tech Mar 1976 14 p trote (For from rmeasuremneits withr different baink angles of thre giocird
availabiiity see N76-26213 18-09) plate are compared Author

Techniqunes ntecrssety to acihieve high accuracy in simriiatioin
arid lit force data for better subsonic airplanre raells airfraein
Integration are dniscnnssd Thin selectioni of the appropriate naceile
simulation is coverred together with salperevirental date obtfainedl N76-25242 Air Forren Acmo Proinnnision Laift. Wrighrt Patterson
with flow. blownr. and tuthopowmtred inacelle models operated at AFB. Ohio.
wind tunrnel flaw conditions The thrust calculationt and the HIGH FREQUENCY GUST TUNNEL
siniulator calibrationn Procedfure are described Tto guicle test Hermninir Vitls lIn AGARDI Wincd Tiiunnel Design arid Testning
instsrumtentation sort test procedfures an error analiysiii is reported Tach Mar 1976 8 1t rrefs (For avalatbility usee N76-25213
which shows that predicted error levels rfubinder 1% of modali t6-09)
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A mechanism is proposed employing unsteady fluidircsif N76-2524E Deutsche Forichungs- und V::suchsanstalt funrcontrolled flopping jots re, application to the production of variable Lull- und Rasimilshrt, Cologne (West Germany) Inst fuer

frequency gusts in wind tunnels or in ambient sir. The basic Angewandte Goedynamik
mechanism is an unsteady let based on tire simple fluidic APPLICATION OF A LASER-DOPPLEfVELOCIMETER INelement and controlled either by en acoustic feedback line between A TRANS AND SUPER SONIC BLOW-DOWN WIND

the control purtts or by a pair of rotating valves simply constructed TUNNEL
from slotted rods. Some ncvarntagea nf the proposed system F Maurer, J C. Peterson, H J. Pfaeier (ISLU. and J. Haertig
mire 1) capable of high frequencies. (21 low torque motors IISL} hi AGARD Wind Tunnel Design and Testing Tech Mar
required; (3) capable of producing transverse or stroamwlse gusts 1971 8 p refs (For availability see N7T.25213 16-091
(41 capable of producing nonisnusoldal wave forms. (5) capable To examine carefully the potential of a laser Doppler
of producing programmed transverse dlisturbunce. (8) prescribed velocimetar for the application in trans- and stipersonic blow-down
or random phase relationships among the various notle;s: 171 wind tunnels, comparative measurements ini turbulent supersonic
capable of producing uniform flow across tre lunrnel span, and boundary layers have been performed Mean velocity profiles as
I8) rotating valves are self cooling. Author well as turbulence distribution profiles in the wind tunnel boundary

layer were measured traversing a crossed beam LDV system
N76B26243 Selford Univ. (England). Dept. of Machanlcal from free stream conditions to 0.1 mm distance to the wall
Engineering. Results were compared to nmessurements of mean velocity profiles
DESIGN AND OPERATION OF A LOW-SPEEO GUST using a combined total pressure and temperature boundary layer
TUNNEL probe. from which velocity Informations could be derIved. The
R. A. Sawyer In AGARD Wind Tunnel Design and Testing agreement is mostly very good Nevertheless there are some
Tech, Mar. 1976 7 p refs (For availability sue N70.25213 remaining discrepancies which are discussed The measurements
16.09) demonstrate the usefulness of the LDV Instrument for transonlo

The design of a low speed gust tunnel Is described. The end supersonic wind tunnel aplaication. the more so as its potential0,1
tunnel can produce slnusoidal, random or sharp edged vertilcal is still developing Author
gust distributions in a horizontal airstresm. The horizontal velocity
range is 1.5 ms/I to 18 ms/1 In an open jet of 0.7 m by NT7.2B247 ARC. Inc.. Arnold Air Force Station, Tenn.
1.0 m cross section, and Incidence variations are introduced by INTSRFEROMETRIC MEAIUREMENT OF MODEL DEFOR-
a linked array of &-r.folls across the upstream snd of the open MATION
let. The random and slnusoldal frequency range Is 0 to 20 cs/I, Ronald A. Belt. Winfried H. Goethert, and Bruce W, Bormar In
and sharp edged gusts of thickness less than 0.1 nt over the AGARD Wind Tunnel Design and Testing Tech. Mar. 1976
first meter of the working section may be produced Four typical 7 p refs Sponsored by the AO (For availability see N76-25213
experiments conductad in the gust tunnel are described. Thise 16-09)
are concerned with unsteady pressure and force measurements. Laser Interfomatry is proposed for measuring model
oscillatory vibrations. end response to simulated atmospheric gust orientation and deformation in a high Reynolds number wind
spectra in the fields of wings, buiidings and Structures. The tunnel. A multiple beam optical system and signal processing
usefulness and limitations of the gust tunnel are enselsed electronic systems are described which measure reiltive and

Author absolute model motion (displacement and velocity) normal to
the Illumination wavefrornt The method of delermining rotation
from tire relative linear displacement measuremetts of two

N76'25244 Office National d'Etudes at do Racherches tetroreflectors mounted flush with tire surface is described and
Aerospatialoa, Paris (France). examples of reflector placement for model attitude and deforme-
WEATHER HAZARD SIMULATION IN THE MODANE WIND lion are prouented. The results of preliminary experiments using
TUNNELS a two beani optical system are described to Illustrate the measuring
Guy Fasso, Guy Leciere, and Francois Charpin In AGARD Wind capablilties of this aluctro.optical Instrument under laboratory
Tunnel Design and Testing Tech. Mar. 1978 8 p rats In conditions. Finally, errors associated with changes in the air density
FRENCH; ENGLISH summary (For availability see N76-25213 from no flow to full flow tunnel conditions and density fluctua-
16-09) lions during the tast are briefly discussed. Author

Specially designed wind tunnel set-ups make it possible tosimulate various weather hazards. The paper describes brlifly
the systems installed in the wind tunils of Modene. I1) rain N76-25241 General Dynamics Corp. San Diego, Calif. Convair

tests, at large scale and moderate speed, at SI.MA, or at great Div.
speed and smaller scale; (2) icing tests, at full or reduced scalt. MODEL SYSTAMS AND THEIR IMPLICATIONS IN THE
at S1-MA. on aircraft parts, on full aircraft models and on OPERATION OF PRESSURIZED WIND TUNNELS
helicopter rotors: (3) and design of gust simulator. The main Stanley A. Griffin in AGAPID Wind Tunnel Design and Testing
results obtained In the last ten years for rain and icing are Tech. Mat 1976 13 p rats (For availability see N76.25213
presented. 

Author 1T.0 a1

The feasibility of designing multi-prece flow throrugh models
ftr high Reynolds number transonic wind tunnels is considered
Six component, high capacity balances are irvestigeted, aid a

N76-.25245 Dmeutsche Forschungs. und Vsrauchswnstalt fuer comparison is made of model aseroelastic characteri•itcs in a
Left. rind Raumtahrt. Cologne (West Germany). Inst. fuer pressuriced tunrral if) reference to the aeroolastic nature of the
l.uftstrahlantrisbe. flight vehicle. Methods of matching modet/airplsne deformation
A LASER.DUAL-FOCUS VELOCIMETER FOR WIND TUNNEL are shown, together with a system for measuring model
APPLICATIONS deformation tit a wind tunnel. Selected configurations are reviewed
R. School and H. B. Wayer In AGARD Wind Tunnel Design with respect to model loads, distortions, and stress. and a summary
and Testing Tech. Mar, 1976 15 p refs (For availability see of recommended fabrication materials is presented. Cost
N76-25213 15-09) comparisons are made between models for testing in proposed

The Laser Dual Focus (L2F] valoclmeter measures the vilocily high Reynolds number transonic wind tunnels and prosent day
of small particles as they are normally contained In every fluid. transonic wind tunnels The study concludes that models and
The basic idea Is that two light beams are focused to two very strain gaged balances capable of running in these facilities can
small light spots in the measuring volume. Thus. the available be designed and fabricated at a reasonable cost with present
laser power Is concentrated to a very high light intensity Inside techniques The study also indicates that options are available
the control volume. The result is that flow velocity measurements to produce close similarity of the modal/airplanre wing deformation
can be carried out in back scattering up to high velocitles even over a broad range of operating conditions. Author
in the proximity of surfaces normal to the optical axis. In wind
tunnel applications, the L2F method is well appropriated to N76.25249 Doimer-Wer;;e G.m.b.H.. Friedrichahafen (West
measure the velocity field around three dimensional models. Using Germany).
back scattering allows the complete optical device to be built DESION AND CONSTRUCTION OF THE ALPHA JET
as one compact unit. By means of the L2F method the mean FLUTTER MODEL
velocity, the mean flow angle, and the turbulence degree of the Peter Each and Thee Windock It AGARD Wind Tunnel Design
veluijity cormiponents In a plane normal to the beam asxis may and Testing Tech. Mar. 1978 9 p refs (For availability see
be determined. The paper describes In detail ittl optical and N76-25213 1-091
electronic arrangements, the test procedure, and some teats in In order to prove flutter safety for the Alpha let, a flutter
wind tunnels end turbomachines. Author model (scai 1 .8) was designed and coniatructed for experimental
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investigations in the transonic wind tunnel For eaich component possible to obtain a reprlersieiotaivu tlirierl floiw freri floiti
of the aircraft an adequate st ructiural solution had to be found iecirculatiory inter lt ncuitr at lower iiihvdilcrli Wt ii.iteripa erd In
In order to fulfill the correct stiffness doietribution The construction closedt tupplelt operatioin By C sateo iiwrit iriog of ii wipiki kiitj icrtiiii
was carried out using advanced techniques. Is g electron boomi it is coricludedt that H ruiitahoneilta incrinvre III aimi ii or alkitwiabltr
welding. chrettceal mirlling and bonding The static vibration tests diownwasfr anrgle cain lips owiarintirr Autfior
of the comrplete toodel wore rin good altriarenait with the
corresponding test results of the original aircraft Ahead of the N6223Hwe idmyAutri tflitini ~tjar~
iltali tests. preluiriiriry tests with thi. wing and tail isolated Wind Tunnel Derpt
were pearfortied in a blowdown wind tunnel car the tests with VETOL WIND TUNNLL MODEL TESTING: AN EXPERIMEN,
the comrplete mrodel a rigid wire suspension ovas used fII the TAL ASSESSMENT OF FLOW BREAKDOWN USING A
course of one year several cortligurations with andr without external MULTIPLE PAN MODEL
stores; wofe investigated Tine espnireirtnent resiults appreed M Ji C~llf /i AGARD Wind Tijirril tDnrrlpi ruin lostijit fItch
rreasornably with tire ftheoretical caliculatioins Author Mar 1976 8 p iois [For avinrriitiity ritru N76 2

!)2 1 3 16 09)
Tests hauve boosti ninae wilfi a miuitilitt VSI10L nitiril ini

N7S.U2SO ViriniaUnivChalottsvile Dpt o Enineeingtwo different sized icloseid test suction weii ijiiotiit i ml iniivorsliuste
IN762520" irgniaUvChalotesvlleDep ofEngneeintirea problem of tunnel flow breakdowrn Tire fiourrlaty cutictition

Science and Systems of incipient stagnation whaele the hirtili oentr(ly let pisthatist first
MAGNETIC SUSPENSION TECHNIQUES FOR LARGE penetratesnflip tunnel wall boundary fayviore hrir*rti Idiertififed

S CALE AERODYNAMIC TESTING for a range of model coruihittlim Cuodtuirtalurof riosults in bo~th
Ricardo N. Zapte lirp AGARD Wind Tunnel Design and Tasting tunnel. and withr other work Is. goodt n lttire tncirielttuir of
Tech Mar 1 976 14 ps refs (For availability see N16-262 13 establishing a flow breakdowin boutrilay bry iiivowii~iaiiig ilire
16-09) behavior of tire flour vurias, furmed fry the iiriviarltruta oflth
(irant NaG 1010) nudeli let efflua antd the tunnrel niitairrtiitranit Iluiw. hais hitior uased

The potential utility of magnetic suspernslon techniques Is successfully for a iniihiferr coitfilitretiour III iriticitio itirndl- ol ucfj
disicurased inI the contest of currentl efforts towards tealistic and miroments are retconrded iii tip alt sulit to treptirinatt rialo irirrti
aerodynamic simulation itt wind tunnels Design parameters sra testing conditions and to Initicate the wragrriticic tiii wall
defined and problems of constructing large suet facilities identified constraint effete Ditect cornuparuotins are ioad" tint otuitrtutlninml
A throe stage strategy towards realuing a truly large scale forces slid rnontart using results foisii built wind tunirins andi
magnetic suspension end balancel withI full research capability Is a seample of issults are pllireerteth Author
outlined Stage onel. consisting of building antd testing a fluotritype
superuoniductor coil system to establish the feasibility ai the N70-26254 Aircraft Research Association Ltd.. Bedford lEngland)
concept has beart completed successfully and its principal results FURTHER EVIDENCE AND THOUGHTS ON SCALE EFFECTS
are briefly derslibed Thit ptioveit feasibiltiy of using isupatcorrcuc- AT HI1GH SUBSONIC SPENDS
lore for magnetic slusponirrorns. toilltatle with sheii sucitesehir A. S. Haines In AGARD Wind Tunnel Design and Testing
demonstration of the cryogenic wind tuinnel coiicopti. appfeiar to Tech. Mar. 1970 12 p refs (For availability see N70.25213
have fteired thre way to ltniesi tunjirrl hruth Il litroilyiti uric teiteirtil 16.09)
Roesutse of a comparativo analysis of scalinil cii haveaul coil Recent evidence from tests at high subsonic speeds in exslting
is-hnoiaogiss for a specific maritretic sosiaoiorin itiitn~mfigurtintirr. tunnel facilities are reviewed to Illustrate the difficulties in
from the Irototyipe sirs toi a aite comrpiatibler with the jeilocititd estreoooatlng the data to full scale. The uncertainties can be
high Reynolds number cryogeniuc wind truinnel facility. tir misicusumui considerable even for wings currently being developed: tire rapord
in some detail Aurthonr &traipsee that those uncertainties affect not only the flow

separation characteristics but also the drag in conditions where
1.,1117111-225181 Von Kalmntritalts for Fileid Dyrninmics. Rthodei Saniti- the flow Is attached. None of the evidence detracts from the

Grimess (Beigiurnt arguments which leand to the conclusion that there its a need In
INTERFERENCE PROBLEMS IN V/STOL TESTING AT LOW Europe for anow largepressurlisd transonic tunnel: but comments
SPEED$ are also made as to whether the new theoretical tools, flight

* Morio Carborraro /In AGrAID Wiind Tunuirel Dosilitn aini Tasting teste, further experimental research In asplsting facilities and
Tech Mar 1976 21 1) puts (For rivailaiduithy so N76 25213 modified exmperimental techniques could be partly used to offset
16-09) the lack of such a facility In the nest decade Author

W.hat, testing V/STOL inodelnr at low btrenril siiveraul probllemts
arise, in connection with thre sharts downwaiurdt delntectiiin of tles N76-25256 Tennessee Univ. Space Inst.. Tullahoma.
wake originating trim this highly loadeti liftinit iryirrirts ItIts thre ON TRANIONIC NIGH REYNOLDS NUMBER PLOW
liurpose of thit pater lto define lire vaintiunr piroblemis; anid to SEPARATION WITH SEVERE UPSTREAM DISTURBANCE
sirttlnrtaiae anrd comipare tIre obtained resulvir Punt. tine inrirunaut
wake may impntprgea c the wind lii tral tltor and cosi~neisru blottakilnwrt J. M. Wu. C. H,1 Chain. G. M Elfstrom. L Sheni. and T H
irt thet wind tunnel flow urtitorinity, The lerstiung lirrutatucil,, Mouldon lIn AGARD Wind Tunnel Designr aird Testing Tech
associated with the occurrence of such vriittnurruilou tire ihuiminsautr Mar 1976 10 p refs (For availability see N76-252 13 10.09)
for tire itifferarni canes of i rotupr a ior flat) wuini. iii aI etitlO ioi (Contract P40600.74. C*0009)
rmultiple lifting let conirigut atiori Wirnd tiiriiiel boniittiiry minicllictions Experimental studios on turbulent boundary layet separation

*account tot tire real behavior ol the wake uini pill tiirpurt turn of were conducted at subsonic and lower transonic free stream
their validity ras to bei nanuesioirr The various esriturtil thoitnisnri conditions. The models used In these studies were shallow cavities
of wail corrections which take Into HUrCoUtit1 f11mn (h1111i)iiirrr aitil of different death to iongth ratio. The reattachrment and relaxatioen
eventualiy the curvature of tire wake tiir ruiiiitrunuritld ini trn of the flow over the back step and the subsequent to-separation
vatloos cases of closedr. openr or varrtiiiilei list tsclulotiotra.1a11 at the forward facing atop have seen studied In detail. Emphasis
cornpariporis withi exnistinig asepseinreittal dataae rrriclr Ilirth luimits In this paper Is placed upon the surface pressure distributions
tiroposed ini tre liiteratiirei lor thie vialidlity of wail roeirntrntuiirs lin and their relation to the hlow relaxeation process. The interaction
discussed Aintiti between the separated wake end the main flow Its also

discussed. Author

117S-2526111 National Aerospace Lab.. Amsterdam (Netherlands)
N76-25252 Westlarnd Helncitpttirri Itri . Yitnyil (Eil~rltaitii THE CHARACTER OF FLOW UNSTEADINESS AND ITS
Aerodynamics tleieamch Dripi INFLUENCE ON STEADY STATE TRANSONIC WIND
THE REMOVAL OF WIND TUNNEL PANELS TO PREVENT TUNNEL MEASUREMENTS
FLOW BREAKDOWN AT LOW SPEEDS R. Ross and P. B. Rlohne In AGARD Wind Tunnel Design and
R E Hansford fir AGARD Wrind'ti Tnnel Desuirin and Toirtting Testing Tech. Mar. 1976 7 p rats (For availability see N7d-252t3
Tech Mar 1976 8 p rote lFor availabltity mur N76 25213 1111-09
16-09) Flow unsteadinsess in wind tunnels hae been separated into

A moieli rotor was tested III low speedi in a wirid tuinnel t0 three modes. free stream turbulence convected by the flow,
study ltre probilem of fItow breakdlownr Turs condituiioii rin Irtiti4 ro sound wave type disturbances trovelling with the speed of sound
thea wake Impiirgeierter on tunnel floor arid wiall pruaplni fit induce with respect to the nlow, and temperature spottinose convected
a recirculatory flow onfrtreunir The tthrisnntiririrr wuir first with the flow. It was found, using the hot wire technique end
reproduced iniia tie osed turinnal for varrirrre drist itadiiitii' arind microphones, that sound wave type disturbances are thie most
mutingi operating conditionrs wrire erstabishredrn Patirrin whirr lhan important type of unsteadiness In some transonic tunnels Tests
silectively rariroved and it was suubseqtuentrtly showil that it wilts carried out on a supeoranIlcal airfoil with noise levels of 0.35%
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and 06% did not change trailing edge and shock induced techniques for correlation. and (3) wind tunnel/flight correlation
separation The additional noise caused transition to occur more Papers were presented which treated specific studies designed
forward by about 4% of the chord Author to compare various two end three dimensional wind turnnel

facilities, wind tunnel faclil~tes designed to provide better Reynolds
number matches with full scale. and techniques used to contain

N76-2S2570 National Aeronautics and Space Administitrtion wall effects, measure dynamic characteristics and study noise
Ames, Research Center, Moffett Field. Calif The state of the art with regard to parameter Identification was
FLUID DYNAMIC RESEARCH AT NASA-AMES RESEARCH summeriued and the proceedings of the AGARO Flight Mechanics
CENTER RELATED TO TRANJSONIC WIND TUNNEL DESIGN Paneal Specialists' Meeting were reviewed Also treated ware
AND TESTING TECHNIQUES methods of measuring srodynentic characteristics. in flight. of
Lado Muhitatin, Jr and Frank Steinia. Jr In AGARD Wind wings. rotrs and special aircraft configured for the acquisitionF:Tunnel Design and Testing Tech Mair 1976 8 p roet (For of date not normatly available front flight taste Correlation
availability see N76-252 13 16-09) experience for a broad spectrum of airicraft types was reported
CSCL 200 If was suggested that good correlation can be obtainad if enough

Fluid dynamic researuh with the objective of developing raw attention Is given to ground tests. For individual tittles, see
and improved technology in both test facility concepts and test N76-25267 through N76-25303-
techniques Is being reported. A summary of efforts and results
thus far obtained In four areas Is presented. The four area are N74-39247 Office National d'Etudes at de Recherchest
(ll the Yoe of heavy gases to obtain high Reynolds numbers at Aerospatiales, Paris lFrance)
transonic speeds. (2) high Reynolds number teals of the C-141A COMPARATIVE TWO AND THROE DIMENSIONAL TRAN.
wing configuration; (3) performance and flow quality of the pilot SONIC TESTING IN VARIOUS TUNNELSinjector driven wind tunnel; end (4) integration time required to Xavier Vaucheret and Maurice Basin In AGAPID Flight/Ground

Vektract accutrite static and dynamic data from tests In transonic Testing Fec. Correlation Apr. 1376 14 p refs In FRENCH.
wind tunnels. Some of the prirtiiralj conclusions relative to each ENGLISH summary (For availability see N76-25266 16-09)
of the four areas aer: ill Initial attempts to apply analytical Testing conditions at transeonic speedcls and the validity of
corrections to teat results using geels with gamnma other than the data obtained In various wind tunnels were studied. In two
1.4 to sirmulatie conditions in air show promise but need significant dimensional flow, two models of MACA 0012 end aupercritrcal
improvement; Mi1 for the C-141A coirflguristlon, no Reynolds profiles were tested in ONERA 93 Modane and NAE I~xCO in
number less than the full scale flight value provides en accurate tunnels for Reynolds number 4 to 40 million, from Mach 0.3 to
simulation of tirea full scale flow; (3) high ratios of tunnel mess 0.9. Three honrocthetilal profiles of MACA 0012 were also tested
flow rate to Injection mesa flow rate and high flow quality can Wind tunnel wall interferenrces, were studied end recommendations
be obtained In an injector driven transonic wind tunnel; and 1 4) on relative dimensions of models to test sections were made.
integration times of 0.5 to 1.0 sec may be required for static In three dimensional flow, four homnothetical models of a typical
force and pressure teats, resipectively, at some transonic test transport aircraft ware tested in twelve transonic tunnels used
conditions in order to obtain the required data accuracy. Author for teats In various countries. The data were comipared in It

broad range of Reynolds number (0.3 to 7 million) between
N7S-25251 Notional Aeronautical Establishment. Ottawa Macloh number 0.7 and 0.06. Discrepotscies can be reduced with
(Ontario). corrections due to the free tunnel and well interference. The
HIGH PITCH RATES FOR USE IN SHORT DURATION WIND affect of tripping the transition by grits was also oanlyteod. and
TUNNELS comparisons were made with an oxisymnmetric body near
Ei. Atraoihji and J. R. DIgney In AGARD Wind Tunnel Design Mach I. Author
and Testing Tech. Mer. 1976 10 p refs (For availability see
N70-25213 160-02 N74-2S264 Aeronautical Research Inst. of Sweden, Bromine

The demand for high Reynolds numbers is being met at COMMENT ON RESULTS OBTAINED WITH T1HREE ONERIA
some esisting pressurized biowdown wind tumnnl facilities at AIRPLANE CALIBRATION MODELS IN FFA TRAN60NIC
the expense of reduced run time. One possible w'sy of maintaining WIND TUNNELS
economical utilizationt of these short duration tunnels Is to S E Gutirnuirdsorr arid SE- Nyherg lit] AGARD Flight/Giroutidprogram the model for faster pitch rstas The influencei of high Testlinil Fec Correatirion Alit 1976 7 p tref (For availability
pitch rates on the mean force. moment and pressure data se N76-26266 16-09)
measured on a typical sting mounted model at subsonic Mach Sonite test results are Ijiesented ttrain thrirecomponant
numbers of 0.3 and 0.75 was studied. Results show that there measurements for thres of the ONE RA Airplaon Calibration Modeis

isvirtually no effect on theose measurements at pitch rates as (designated Mi. M2. M31 Thre tests Were p11rforme1hd iii the
high as fifteen deog/sec Author FFA transeonic wind tutnnels HT. S4 arid TVM 500 in the Mach

N7625259 Deutsche Fortichungs. und Veraucheansmtalt fuor tile marin chord of tirea wing. iii the raisnrt 0 2 to 1 0 million
Lft. und Roumfahrt, Brunswick Iiies Germanly) Comnpetitions ate made for sniuti anglrs of atitick witfi results
SSTEMATICAL INVESTIGATIONS OP THE INFLUENCE Of ribtatirit ith a irslil imodali (M 1) in a laige winif torist (ONE RA

WIND TUNNEL TUREULINCE ON THE RESULTS OF MODEL S2M ViniMiluiiliipetitUner h tfeei unlFORCEI-MEASU RIME NTS is fiurly iloti whenr h iltia orroiris niumber ni tihe sanme The Feyrioldw
H. Otto In AGARD Wind Tunnel Design and Testing Tech riuriberm tiffectir ate relittively lisui e surtcieiiy oil tile giliching
Mar 1976 9 p rats (For availability see N76-252 13 16-09) nrrirrerrit ii tlira (uowr Resynolds numberir range. whiich night maskThe Intfluentce of wind tunnel turbulence especilily on the smore wirui turnu nel rerterenca effects Author
maximum lift of aircraft models, has been studied by Systematical
investigations in five low speed wind tunnels In each wind tunnel
the free stream turbulence was allterd by two different grids N76-5.269" Natiorrul Asitnrautris arid Spae Adtminisrrationi
which could be fined at the nozzie exit. The test program included Langleyr Research Center. Langley Stationr. Va
hot wire and sphere measurements to determine the free stream RECENT PROGRESS ON NEW FACILITIES AT THE NASAturbulence as well tas force measurements on wind body models LANGLEY RESEARCH CENTER
with differenrt flap deflectiorr angles. The results show that the A A Kilgore arid ft E Kuhn lin AGAI4D Flight/Ground Testing
maximum lift coefficient Is not simply a function of the effective Fac Correlationr Apr 1976 16 p rtef IFor availabai ityes
Reynoids number but deapends also on the scale of the turbulence N76 25266 1111 091grid This correlation Is approximated by a simple formula CSCL 146

Author A raow fair-ririvat high Reynouids ruilurber transxonic cryogenic
founo tilte National 7rairsorric Faicility is bieing piannred for the
Un triti Statesn Thib lurntri will provide an ordler of maegnitudte

11176-25266fil Advisory Group for Aerospace Research and rIIciesue III Reynroldsr irurITIIar rcapabrlrry over exibting tunnels
Development. Paris (France) Ttraotnitrcai stoirrii uard enpirreince with thre Langley 1/3 Mater
PLIGHT/GRO1UND TESTING FACILITIES CORRELATION Tranrsornic Cryognigiir Tunnerls inricteut ihat li tireyogen~ic concept
Apr. 1976 417 p refs Presented at 40th Meeting of the allows thre attainmentei of fulliscale Reynolds inumnber at treasonabile

FlgtMacit Panel. ValloireFrancs. g-13Jun. 19 NTI levels of rhytriuric proestritut The utniquet iioden cif opuiratiotr wh~ich
HC $11.00 sepataiii torti Maich number. Rfeynolrds tIlitiber possibie the

The Symposium was organized around three subject areas separation of Macti rnumber. Antynoidi. number, arid aetoelastic
(ll correlation of basic wind tunnel techniques, (2) flight test effects BV rortnirniiil thu drinve power etqrnrimmntinn to it level
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where a c~onverttrIntl aIft'diir lve yitlsion tray be used., thr cryogenic N76-26276' National Aeronautics and Space Administration
concept ntakiis pitisimbie a tunnel with high productivity arid run Langley Researchl Centel. Langley Station. Ve
times sufficnintly longy to allow for all typre% at tests at rerturter COMPARISONS OF PLIGHT MEASUREMENTS WITH
capital costs arid. reiducedrurtoal energy conrsumiptionr Author PREDICTIONS FROM AEROKLASTIC MODELS IN THP

NASA LANGLEY TRANSONIC DYNAMICS TUNNEL
N75.527 AlO Ic. Airoul ir rnceStaion ruiriWinert H Rued. III In AGARD Flight/Ground Testing FarN76-927 AP In. AroldAirFore Sttio, TrinCorrelation Apr 1976 9 pi refs (For availability see NIB-25266SPECIAL WIND TUNNEL TEST TECHNIQUES USED AT 1n ogi

AEbC CSCL 0O1A
T W Birtirn. Jr rit AGARDI Ftig~ht/Grouird Testirrg fuc Corretatiort The NASA Langley Transounic Dynamics Tunnel, which thas
Api t976 13 p rets (Fur avaitability see N76 25266 16 09) a variable densitV Freon 112 ftr sir) tent medium. was desiggned
(Corntract F40600 75 C 0001t for thre stunty of dyrnamics arnd aercialastic ptrblemi of aerostrece

ftr recent yrrtarr Isqertirurirnis iriri ve dtevelniedsto Iii i tlileuiatir vehircers On ring tire 15f years oft optiratiort of this tacility there
1tt c~aplit e i~l ititin tt iffir Iii lrttctorriri. oft liitei inl vtirrini. (2) h ave tbesil vall miii oppoirtunrities to comnpere wirnr tunnel unit
ran ....u ver iiii ideprartlure chiaracteristicsr of eirrcraft arid 131 blat ic flight tear resiults Soortre of those opportunitieis arise from routine
stability characteristics of irrissilas at angles of attack up to tlight chetcks of the Prototype, others franm carefully designed

130 dog Teal tecuriniquab Ili rive arru being dlevelorped to satisfy comiafrativei wind tunnel and flight experiments Data obtained
theist rqluirrrnienfe ore dtircusierar Aujthor horn various sources it presented. The topics covered are gust

and buffet response, control ouwfacer effectiveness. flutter, and
N 1-2627 1 *AltO. Init. Arnold Alir Force Station. Tennt active control of aefroeeastic effect. Some benefits and shortcoir.
PREPARED COMMENT ON THE CONE TRANSITION loge of Fison-`12 as a fest medium are also discussed Although
REYNOLDS NUMBER DATA CORRELATION STUDY areas of uncertainly sira evident and there is a conttnuing need
N. S Daugherty. Jr hir AGARD Flight/Ground Testing ree far nprovaments In rnodet simulation and testing techniques.,
Correlation Apr 1 976 7 p Sponsored in part try NASA (For the results, indicate that predictions from maruralactio model test%
availability %se N76 28266 16-09) are. in general, substantiated by full scale flight fast Authtrr

A sharp, smnooth, 1O-deg irolucted-einglo coine was tesnted
on twenty-one major wind turret, of the Unilert States and N76-25277 National Aerospace Lab, Amsterdam (Netherlands)
Western Europre to oibtain correlation data oir thre affect of acoustic CM ET NMAUIGTCNQE O Ndtsturbarrces li winrd tunniel flow on boundary layer tranhitrarn COMENTSD O MEIAIEASUIG TCN UE O UNRteyinolds number. The coitta is ptarnred to biti flight tested it STAD DRVA T~mnIVES R lgh/rudTetn aorder to obtain a basils of referenle tor the wind tunnel dataJW CVnumn tnAAD lgh/rnd1err aCortetation Apr 1976 6 p etal lFar availebility see N76-252663over a nrominai range of Mach r~itiobrr. fiom 0 4 to approximately 1-9
2 0. Wind tunnel data obtrainredt oiver a Mach number rarnge fronrti diint h esrn poeue hog hc vrl
0 2 tc 4 6 are broadrly uharactontrid according tor wind tunnret Ioi ceardidtion eto t re detrminroedutes tchnioueh whfc m verauin
test section geomeirtry arid, In turn. te Ithe types of acousticfocsai iuetordaomnd.heehiqefmauig
disturbances associated with the geometry Author unsteady pressure distributions lis discussed From such data,

overall derivatives can iro obtained by subsequerrt integration of
N76-25272 Nationael Aerospace Lab . Amsterdam (Notatherlntfvl the localty rtreasutudt unsteady inresaiirns Author
THE PROPOSED LARGE EUROPhAN HIOHR111EYNOLOS.
NUMBER TRANSONIC WIND TUNNEL ILEHRTI 7.57 oa icattsatiherFrioog )gad
J1. P Harlaulker Ir AGARD Flight/Giound Testinug Fee Correlation ANro-2527r8c Deptiaat salsmnt arbrug Egad

Apr197 Iiii atsI~o avilbilty ee 76226616.91SOMI! AEROELASTIC DISTORTION EFFECTS ON AIR,
This presenrtation sketches the background and the present- CATADWN UNLMDL

day activities lin connentotln with the proposed European high GRF AN WIs nd0 er IiAAD Fitl/Gron TUNNLtMDELReynolds nuiniljr transonic facility LEHRT. which could be I'Mtan0Pirc/nAAD FijtrudTeig
opertioal aoun 198 AuhorFac Correlation Apr 1976 11 p nate (For availability see
opertioal aoun 198 AuhorN76-25266 16-091

Astrects ot the aer')elastic distortion of wings In flight and
N76-25273 APtO, lrc. Arntold Air Force Station, Tennt. ANno the tunnel are discussed The effects of sruch distort ion couldCOMMENTS ON WALL INTERFERENCE-CONTROL AN eof prune inmportanrce when coirrlating flight and wind tunnel
CORRECTIONS data, particularly when stilpiroritICII flows are present which fetid
M. Plndaoia, T. W Etniort, Jr.. arid .1 P. Chevallier [office INall to be cortpurrafively senseitive to %niail geometric change% It is
d'Etunles at de Recheiche% Aerospatialas, Pnalis fri AGARD suggested. lirat asl Itrasonro facilities operating at ifilietl
I'light/Giourrd 1iusting Fac. Correlation Apr. 1976 5 Ir refs stagnatirton pleasuires carri info more getieral use as u means
(For availability %te N76-2525a 16-09) of achieving hrigher Reyrrulds numbers. better mneans of making

A brief synopsis of meetings art the Design of Tranrsontic allowancus ltr the eniroetasltic distortion of wind tonnel inadetls
Working Sections field under the auspices of the AGAR 0 will ire rcsirssary Ili filigh tire fult benefits iot advarrced-winuj
MiniLaWs Working Group of the Fluidi Dynarmic* Panrel is technology will probaebly be s~hievert if similar improvements
presented Author ran Ire inade to the techniques used by the aircrafh designer lII

the tong term. miethods need to lie found to control and use
N76-215274 Aeronautical Research Inst. of Sweden. Brominen aernielestic idistortion to enhance avirodylnamic performrnarce iii
SOME RESULTS PROM AN INVESTIGATION OF THE SLOT flight Reference is madetti experimenertal erid theoretical data
FLOW IN A TRANSONIC S11LOTTED TEST SECTION WALL, ctbtiinoni with iospetrt to these probigirre Author
PREPARED COMMENT
S -E Nyberg /it AGARD Flight/Ground Testing Fec Correlation 11475-25279 Uniteri Technologies Rttssarch Conter. East Hartford.
Apr 1976 4 p ranft (For availability see N75-25256 16-091 Conin

Some important features of slot flow were revealed by DEVELOPMENT OP THE UNITED TECHNOLOGIES ME-
two-dirmensionaltrests with a 5% thick circular arc profile Iin the SEARCH CENTER ACOUSTIC RESE1111ARCH TUNNEL AND
FFA wind tunniel S3 Stagnation pressure in the slot. static pressure ASSOCIATED TEST TECHNIQUES
on tire slat arid a tentative ftow model ate presented deriving William M Foalsy anid Robert W Paterson Ini AGARD Flight/
from teast% at Mach number 0 903. Author Ground Testing Part Correlation Apr 1976 tO p rats (For

availabrility erie N76-25286 10-091
Design, arid dtevelopmennt of art acoustic research tunnel is

N78.25275 Mossersch mitt.-Boolkow . 1l1ohrr in G b.H . Mu~nich dlescribedt Its operating experienrce Iis discussed relative to the
r West Gormarryl design ot new acontatic test facilities Experiinental notes roesearh

DYNAMIC SIMULATION IN WIND TUNNELS. PART I proigramns corndtucted Iin the tunne~l are described with attenrtiorn
H Iloerlingar and 0 Sensburg Ilr AGARD Flight/Ground Testing given to the correlation of miodel studies with full-scale engine
Fac Correlation Apr 197G 27 po raft (For availability see and heimicoipter rotor noise Author
N76-26266 i6.09)

Dynamic simulation techniques anid wind tunnel* uised to N76-25280 Societe Natiornals dlituire at tio Corrstructionr doe
investigate flutter characteristics and flutter suppressiorn techý Muteurs itAviation. Viillaroche (France)
niricirs aer described Two cases where active flutter suppression CURRENT RESEARCH ON THE SIMULATION OP PLIGHT
was successfully applied are demonstrated Ono case deals with EPFECTS ON THE NOISE RADIATION OP AIRCRAFT
the flutter of a wing with a store antI the other with air ENGINES
ampeirrage flutter case Author Joan-Micitani Pitrernartir aird Mariano Perulir (Office Nftl It Etudes
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~ .at do Recherches Avitaoptlales. Paris) It, AGARD Flight/Ground The performance of airfoil sections designed specifically for
Testing Fec Correlation Alir. 1976 3 p Ir, FRENCH. ENGLISH helicopter rotor blades was investigated These effect a batter
summrary (For availability see N76-25206 18-09) compromise of performance chararterstlics in the widely varying

Design problems related to the developmentri of an onec-poic conditions of incidence and Mach number in which they operate
wind tunnal in Franc* werei described Typical results war* A technique of section comparison using appropriate airfoil fairings
presented, dealing wvith tuindamental research an refraction, or 'gloves', each on opposing blades of a helicopter rotor. has
scattering and diffusion studies with the following goats ill to been developed. In this way the helic~opter is used as a test
define an accurate method of transposing noise measurements vehicle with the rotor providing the necessary environment for
mader in an aniechoic wind tunnel 10 real flight conditlions. and the airfoil tasls. Results obtained in flight are compured with

nodal tests andrilysis Author roughness. simulating erosion, have also been inventigated
Author

N76-25281 Royal Aircraft Establishmnirt. Fairiborougli l~nrgianrl 7.81 etce oetug.ui erirlentl r
Asrodyiianiic'r Dept N6225 Dush oahnsudVrictastilfn
PROSLEMS OF NOISE TESTING IN GROUNO-SASED Lull. und Reumnfahrl, Brunswick (West Glermany)
FACILITIES WITH FORWARD.UPEE11O SIMULATION SOME INFORMAL COMMENTS ASCUT THE RESE1GARCH
John Williams din AGARD Flight/Ground Testing Fae Correlatioin AIRCRAFT IN THE OPVLR .
Apr 1976 14 p tef, (For availability tiea N76.26266 15-09) HanoaL. Meyer din AGARO Flght/Ground Testing Pee Correlation

An overview of the design and operational problems Apt. 1976 3 p (For availability see N76-25266 16.09)
rassociated with grtound-bessed facilities for performing noise Air informal comment about the research aircraft of the DFVLR

experiments with forward speed simulation woo presented Various and some flight test systems was presented The objective is to
fclities wetre described It wee itoniuluded that it is unlikely prFsent Tnoeve bu he flight research activitiesofteOVF are cnettre

thait uria type of facility will be able to cater effectively for the FkThflgtrsacatitesoteDVL1itonoro
whole range of simulated flight sairoenoustic muleufremnblts tod at the Oberpfaffenhofan and Braunschweig research centersa
needed in aircraft noise A and D studies, towards the evolution Oberplaffenhofen conducts activities In the field of electronics
of quieter military and civil aircraft without operational or economic end physics of the atmosphere while Braurnschweig is mainly
penalties Modified wind-tunnel type facilities are seen as ptoviding concerned with flight mechanics and guidance end Control.
the best approach for noiseniodel research work. The role of Presently, 12 aircraft are mosigned at Obarpfaffenfrofen and 6 at

a ircraft flight experiments was dascribed, with the application of Braunschweig with which the divisions fly annually about 2.000
carefully controlled flight experiments using restsarch -oriented and i.000 flight hriurr respectively These research airecraft can

moiiain fs air ocraft The functions of large lowespeed be ciassilied into the following groups Jet Carrbyrra. HPII 320.
modnfecstions o tsmall sdecie, nrttint h T-33, 2-prup 2 Do 28 D. 1. t Qureri Ar. 1 -prop 5 Do 27. 2
tunnelopen Ind n xpoise testiong wafsmadescrieduIsrticnon Athor P 149D, I C 207, 1 C 182. 3 powererd gliders, gliders *

devlomen ad xplittin o sellacusic ~nrerr utorI Ka'S E., I Cirrus, 1 ASW 1111 Aclhoi

N70-252E2 Deutsche Forechungs. und VersuLchsanatalt luct N76-962140 National Aetonertifcts end Spae Artfiinisfration

loft und Raunrfolhrl, Brunswick (West Gernianyl Langley Research Cenrtet. Langley Stationt. Va

S TATUS OF METHODS FON AIRCRAFT STATE AND ROTOR SYSTEMS RESEARCH AIRCRAFT IRENA)
PARAMETER IDENTIFICATION Gregory W Condon and Robert Lalchwortr /ir AGARD
P. 0 Hiam@[ In AGARD Flight/Ground Testing Fec Cuorrelation Flight/Ground Testing Foc. Correlation Apr 19711 20 1) rat
Apr 1976 15 p rlef (Fot availability seeo NIS-25266 16-09) (For availability see N76-25265 16-09)

The report of at meeting oil aircraft system Irdentificartion for CSCL OIC
flight test engIneers end pilots, handling qualities and sirnulationr A description of the Rotor Systemns Reosearch Aircraft I(tSRAI

exetand aircraft end control system deosigners, was preseinted was presented, with particular emphastis or thre unique systemsn
eIet wsaonta ntcn er eea dniiainponua that provide the potential for good flight/ grorund tast faltilliy
have evolved lot obtaining aircraft pararmeters from inflight creainTeefih eeihvhce r uindit
measurements. Thes, approaches have been shown to have Woodt with thre celiteillitles nrecessary ltr thre affective arid efficient
success for conventional (winged) aircraft arid have bacoma in-flight test arid verification of promising now rrator concepts
prectical to apply The parameter identification problem becomes and supporting technology develovirmerits Thre esearcth ririssitin
a much more complicated roek for large and slender body aircraft and unique feastures; of tie FISFA will provide the capiability to
where the elastic deformations at high dynamic pressuire can no efaslure and soeparci the flight loatis of the entravin and rotor.
longer be neglected. For helicopters, simplifying asstimplrons thereby allorwinig ditect fliglrr/~Irouinil test facility correlatioin of
are also, in general. considerably more difficult cine to ftre sfrorng retort as well as, r.01oireltior with analytical rrnidols Atitfroi
coupling oif the rigid body degrees -of-frtrnrdorni tbecauise of liiij
different flexible motioins introduced by the rotoir Niadunr. anti N7S.252871 Nalioirel Astouiarilicri aund Spirie Ailminirrivfietoi
because of the shortness oi the lest period which carl tire rinroirlild Flight Roeasrcfr Carrter. FEdwards, Calif
due to the inherent irrtobility of thoesi vehicles AirIIrrir A NEW EXPERIMENTAL FLIGHT RESEARCH TECHNIGUE;

THE REMOTELY PILOTED AIRPLANE
Garrisonr P Laytoin hii ACt AM F lijht! Ciicirriint Testingt Fat
Couirelsluim Apr 1976 7 p rat (Fiti rivumlritmlity virim N70. 2fi2bf

1474-2112W National Aeronautics arlid Stieca Adinriniriratrtno teog0i
Amnes Research Center. Moffelt Field, Calif CSCL OTC
PERSISTENCE AND DECAY OF WAKE VORTICITY The resuilts obtained so far with a rernutely imiloitei iroesaitli
Leonard Roberts dIr AG ARD Flight/Ground Testing Fac vehicle IFtt'IIVI using a 3/8 stcale model of an F 15 airplane. to
Correlation Apr. 19)76 10 p (for availability see N7fl 251266 detenrmine tire uisefulness of the MPI4V testirrlitlclnirmiqie it) huih
16.091 risk flight testing. including spilr testing, warie pirrsaileil iie
CSCL CIA program showeid that the FIFI P technique. inrclirrrrg lire ihor lif

Seine recent research relating to rthe nature of the lilt miducuit a digital control systeam. is a practical Mottedfi for tubtainrirll flight
vartes wakes behind large aircraft was reviewed arid the scalirilt research (lats The spin, stability, and cotunrol diats obutainerd with
laws that permit a comparison of results from ground facilities the 3/8-scale iroihel also shocwed thai uianlictiomis biired oin
with those nuin flight test were provided The rnrasimuni rotartioinal wind-tunrrel testsi witro gtenerally roesirriall Author
velocities io the waelt are shown to depend aira %ipan loadingl
shape parameter and on a charautemaistriu length of pervirtirrico
behind the aircraft The affsects of Reynolds Millribar 11ra also
shown. Atithor N7S.252S8 Institut tits Mocaniririe Ins Fluiclru is(1 Lilis I Fraircnn

FLIGHT SIMULATION USING FRIIEE PLIGHT LABORATORY
N76-22624 Royal Aircraft Lstablislmenerr. Bedford lEirgland) SCALE MODELS [SIMULATION ON VOL PAR MAGUETTES

FLIGHT MEASUREMENTS OF HELICOPTER ROTOR 0E VOL LIERE EN LAEONtATOIRESI

SON$ WITH TWO-DIMENSIONAL WIND TUNNEL RE. Aor 1970 18 pi iots lIn FRENCH. ENGLISH vritirrnary (For
SU LT$ irvailabillity srio N763*21256 113-001
P Brotherhood MnAGURD Plight/Ground mesting Fra Correlation Two operating lricituWidittil rer1arsit tin [Irn lUbalrtiroY rusting
Apr 10)78 1 S p refs (For availability see N 71125266 16.0t)i of free -flighit miodeiri are definniod thei dihrnict miiunity' unitrip
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where reasin have it) fuividrct litewtr tho die isulls of flie flighti W L Cook arid 0 C Whittlloy ID@ Havilland Aircraft Co. Ltd
tests (if the full Kscale aircraft, alnd fiell iiiitutIrri lririllolity tlasiitin Downhviaw. Ont I /i AGARD Flight/Ground Testing Fac
where teals tire usbed fifilotr uiialybne ot thu lit urionirrrir. ruriur-rdly Unfuilatiorr Apir 1976 12 p tlet (For avalarbility Bssa N72158262
for its moidellingj whichi Is dlater fihlied to flte uiricifl ilself 18 091
Dynanmic stall asdillirin wirulls irts Lvitwin liv ttariiirlie cIt 'ifitim CSC L 01 C
simillarity. I aiding Wit of ,1(iirtiert thiirraii iy, 15 virriwir III kill it Thre majrne areras of confidenice derived from wind tunnel
bloudihelrd stru iicsrt~ill noatcvitf yi hferiilci Iming npiriirclifini i liiilelile lesli liitt ioniert oir iliai Arigriiuirtr-Wing lot* SICL researchr aircraft
iQuotedt are icilatrvei to IInn iurlotiitdrinil EIyiucIriII: iculiavurir oirr wirier dliolitirild stril l itwas shown that. lor the maiss part Iturrnof
celtic Cl ainrtirri; oust riritirclire t, fi III cliti. Hi mi stiiwi frow iiruulli. coimputei favorably With tlightr experisencii Since Ili" motderl
fon phrciniiriiui modeilingiri both miltrirriuiy 011.rrflynIiriri i0iiiirouii il i ttori. it, biiiie ruilptictl fictin thre actual aircraft. precise coraelatioin
sicstr arnd aerulyrliniorit: thlr ivuitiver', 1 (hu if c hit l irulel t ii '1. ererijcrilt butwiolr 11111110l arid tlrilgt 151.1. Ieibutis wore rout eecpertd. icr

of iiririrrsily ditlidrliril tifi 1ntirii rIrelir iwi lbui 11i l fni ll %tr'l r irrieniirl. Illri riloilil firsts worir kinmwnr tu tier inon iiprusonstrivu
ipiiiitil ini P irririt Iitiotirorl; (if111 i 1t)i 0 iin ilr c rtrven i~l lr 011r1 ti, 11111 1 tiritriri of rilicentderiuty Iicrierirnei tfail~ aruea& of tirsatar

types [it lrnr cll nl111vii fit irir(irlrill iii I lil. Wrind ilidiilr~ . IliliiiiicuierI tnilrity arei rditrrrriiililrld n regacir dieconirc i In tire ligfht of
fanirevalral uibti4 anind aictivir coiirotil wire reluur riiutioireri Authini cubs~qeniuit flight toutsi Author

N7S.26209 HRoyal Nirtiirtlrrrirt Aoirrirui tnuciorilu Pomkkei N76225293 Nationat Aeronautic% and Space Admitliallatron
Schiphol-Clost Aes% fResearchi Cenrler Moffatt Field. Calif.
EXPERIENCE IN PREDICTING SUBSONIC AIRCRAFT rCORNNLATION OF LOW SPEED WIND TUNNEL AND
CHARACTERISTICS FROM WIND TUNNEL ANALYSIS FLIGHT TEST DATA FOR V/UTOL AIRCRAFT

Woodrow L Crook aridfavind H Mussey In AGARLI Flight/Ground
J *f0Bomtin r AGARD Flitlhl/Groundiu Tuhtnlrf trim Cicrielutrour Tasting Fain Cortetationt Apr 19375 10 p raft (For availability

Apr 1976 15 p (Fir mviillebility sto N?6 25266 10.091 see N75 25256 16-091
Slim sinls of(lmpl 01scIOlioien:s garirlird 111 t11e 11i1l4 Of 11111111101111 CSCL Of C

airc raft chataclutimict usinnig illustralivit mrrterial fircm ,iircriet The availability of wind tunnel lest data for correlation
idevelopgment experairnce in the Netherlands wera presented The purposes of the same V/STOI. aircraft tastad in flight is very
acnutritVy in tris1dicling siruraft alrarecteistulcs Iroim witrd turniel limited Tills Is due in e large part to site flimitations of wind
IIirellycic trot otily, deponiius orn the iutility of the wrind tunnel tunnels end the number of wind tuhnnls available for testing of
facifltu I KA $i, but also to as alga extent on the exiperience of full-scale aircraft Wind tunnuf tests are described fll two

l1hs ai.lf flsgiit ionurvrtlintj wind utririnif rrornmatiun rinto research airorafi- the XV.50 fanl.in-wing aircraft end the YI)V. 110
the 11`141t gu 01"ti~ ioiialo niricluswall fot the fuill scdal aircraft Direct PCF (rotatirrg cylinder faop) aircraft -in the NASA Ames 40. by
culiriprerlon rut Witd tuinnel data with (light 140t results Is useful 60-foot wind tunnel The lasts were conducted specifically to
fii the i rutreslit li rovidinig further Insight into the inreiiereiottnr prcrvide for correlation between wind tunnal and in-flight
aernl natuire of t,.e citortnions to be appliedit I) whind turritel test aerodynamics end notes lest data. Ccorrelation betweein #*lady-
d(titl Author riameir end Iroisa data ea re seonted arid testing techniques that

aer related to the accuracy of the data, or that mrIght affect the
correlations, aire discussed The correlation of noise measuremrents
made with a J-86 engine mounted on a F 108 aircraft during

NIG-25290 Briliti Aircraft Corp. Weybridge (England) low altitude flyovers with the sanme 1 136 stgigm mounted oil &
Comminercial Aircraft Div modal and testad in the Ames 40- by B0-foot wind tuiniel are
COMMENTS ON WIND TUNNEL/FLIGHT COMPARIADONE also reported Author
AT HIGH ANGLES OF ATTACK BASED ON SAC ONE.
ELEVEN AND VCIO EXPERIENCE
M W Salisbuery MnAGARD. Flight/ Grouiid Testinig Fill Correlationr 1117625254 Royal AIrcraft Eslabllsftnlent. Bedfoid (England)

Atl 176 p(Po aailbiity4io 117-266616-9)A OR1SF FLIGNT.TUNNEL COMPARISON FOR THE
Aprhe7 flgh po mod avweindluial .reammN78.25268 a at6hig HUNTING H 125 JET FLAP AIRCRAFT
outrefti thes writ w aebvitmdtind tunne efafecatstrit tstri 0 N Foster In AUAftO Flight/Glourid Testing Fee. Correlation

of Heyniultit. niur tunhitnan Mucic nuimbier on the maximumi velure Apr. 1976 7 po reft lFor availabifly eee N76 25206 16-09)
of i itev"tfi;ie Itis how tht iia ffst o Mah nmbwFlight mreasurements of thu variation of lift with atngle of

citw"1 fiI (lf iefiielait io 0s 18ru that t7iae efetof th tmsach e ifuib. rincidence, for an aircraft withfi er inter nat flow jlet flasp, were
11t "(fcts iif thre rAsnge 0 ube cht07arge of theo wimnodr tnan compared with results deduced trom windlturnnl testis of the
anrer ffecthit The fleyrotunlk comprisonr chne tretween wind tusnel aircrahl itsel. and of a one-seventh scale model of the alicreft
unt liht Ihre flit/otunieofrre eseonpaisungo tie gemer of3 ah missrt The correlation is shown to he rnrsatisfactory for large flap

slirw tre iriliuraiie ntrepeset~nglbsgeoetryof he latdeflection and high values of the fat eriomnlgnuir Thu effects ofi
io. utWring 1irfiflen III great detail in orter to achnoys a satisfactory the wind-tunnel wall corrections, end of some uncertainties in
iolnierlcitioi teairilites aire also given of the type of rrniotrfictuiru the position error correction, were investigateid in order to suggest
whichu kiill", to ill irader ii) win ru unnel (Isla ii orierte ito acie~rve along whame further work could lead Ito imIproyelnentos in the
iigrrecrriirt treitweeri flight unirt rirmufator handling clnaraclritslunic uto
it 111c Maill. and oft the use itt a %imple and plate model tiofihtne orlto
rinveslrgalhnlit affre cift cult drag 0f deotail aunliurfiiation changes

Aiuthor NIS-29265 Avioan% Mercel Dassault Breguisi Aviation. Saint
Cloud IFiencef
COMPARISON OF AERODYNAMIC COEFFICIENTS
OBTAINED0 FROM THEORETICAL CALCULATIONS, WINO

N7.6-2521 Bell Helicillotii Co. Fort Worth. Tax TUNNEL TESTS, AND FLIGHT TESTS DATA REDUCTION
THE ART AND SCIENCE OF NOTARY WING DATA FOR THE ALPHA JET AIRCRAFT [COMPARAISON DES
CORRELATION COEFFICIENTS AERODYNAMIGUES ISBUS 0DES CALCULS
Jan M Dieus Ini AGAFD Flight/Ground Tosting Fee Correlation THEORIQUE6. ESSAIS EN SOUFFIERIE111 ET DEPOUILI.E.
Apr 1976 it Ii rafts For availability see N70-26266 16-091 MENTS OTSSAIS EN VOL EFFECTIJES SUN L'ALPHA

Air overview of tii correlation of helicopter rotor performanrce JET)
arid tridic thile from various tests and analyses was preserntedi Remi Guiuct and Heiat Wrunnenbetgl /ii AGARD Flight/Glound
lloironrliori in irncludead from frcs-flightr full-ricalo tests iii a 40 a Testing Fec Correlation Apr 1976 15 p raef in FRENCH

90 wind lutirnel. uris-fifth smeet# tests in a Transonic Dynamic. For availability see N76.25266 16.09)
"Tonnell. and small scale lasts cit a rotor in at Thosae lest data The techniques used to obtain the aerodyniamic coefficiernts
ale comparedt wit h each other, wher* approoriate, and with for the Alpha lot aircraft by theoretical calculations, results from
usalculatedri uriults Typicaul examrplies illustrate rho satse of t le wincd tunnel tests. and reduction from flight teots data, were
art filr correrlation astil indicate anomalies encountered It is described Comparison of these verious reuiftls was made and
concluded that a procedure rising theoretical analyses to aid in showed. in general, a good corretatraur batweern them.
interp~retation alit evaluation of test results is essential tco Tranrs]. bry Y.J A
rievalupinig a scierncer of correlation Author

NIO-2S294 Royal Aircraft Establishment. Bedford (Englanid).
N70211292" National Aeronautics arid Space Administration. FLIGHT MEASUREMENTS Of THE LONGITUDINAL
Ami e fssearchr Cerrter. Moffell Field. Calif AERODYNAMIC CHARACTERISTICS OF A VECTOPRED
COMPARISON OF MODEL AND FLIGHT TEST DATA FOR THRUST AIRCRAFT IHS-P1127) THROUGHOUT THE
AN AUGMENTOR-WING STOL RESEARCH AIRCRAFT TRANSITION
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C. J. Thorpe and A. A. Woodfield /In AGARD Fliglrt/Ground aerodynamic derivartives inoarrirred in light I*sts are in goad
Testing Fac Correlation Apr 1976 21 p ref. lFor availability agreemenrt withr dais predicted tiram wird tunnel testsn and
see N76-25250 16-091 calculationsa No important Reyrritlns iuntumbr aiffects have been

At low speeds. the aerodynamic force anti moment coefficients found Author
on a vectored thrust let V/STOL aircraft are primarily functions
of thre three variablesa incidence angle, thrust deaflection angleN72 0 awrSddlyAittrLd.Bruilnlnd
artd the ratio of free itrearn to let momentum per unit area PLIGHT/TUNNEL COMPARISON OF THE INSTALLED DRAG
leffective velocity ratio) To obtain err indication of the influence OF WING MOUNTED STORES
of meat, variable and obtain data requiring a minimum of corretlation A J Grundy lIn AGARO Flight/Grouurd Testing Far: Correlationt
fail comparison with model results. quasei-static rron -equilibrium Apr 197a 16 p refs (For availsiritiy srie N76 2528B 18.09)
flight test techniques were developed The principles underlying Installed drags for a rvrrge of stereo moiuntted ott tirea outboard
aerodynanmic lift, dreg arnd plfchirrp mroment measiuraenrits on wing pylon Imid sarin span) of a Hawkeir Siddroley Bniccerreer S.
let V/STOL aircraft are examined Test and antalysis procedures Mkt2 were meassured irr lull scale Iliwht andr ori a 1/1211r scale
used for flight tests oir the Pt 112 P prototype at the RAE are wrird t irneal fuill ririoli Thisi inrirtia coprisiournir irvoirb iiorvoraii

ii described Examples of reaults frornt tirea flight tests are used toillutrat tir varousteattechique~ Auhortypes Of stores includirig a irrniple taink. ia rocket pord anrd twrir)illutrae te vaiou tet tchniuesAutoraide-lby-srde carriage of lIran bombs up to 0118 Mach number
The flight results ware obtainedi usinrg quatila-teady flight texti
techrniques; exresa thrust was derived front triple-axis accolitiotreN76-25297 Hawker Siddeley Aviation Lntd., Kingston upon ote measuremrents and thrust from an altitudes lest facility, angirreThames lingland) ia ozeclbainuigltpp rsueTucriaio

COMMENTS ON SOME WIND TUNNEL AND PLIGHTfia10.1cairtousnleppeIsuoThromrsn
EXPEIENE O TH POT.SUFETSEHVIOR ~THEof incremental drug shrows that agreement iosartisfactory 'Clean'

EXARRIERC AOF ATHE POgaNTBFE BEH A AVIOU FlgtGOuF Y4torea show good agreement but 'dirly Mtores genierally have
S FStaidan ndI VPegro li AARD FlihtGrondlower drag In flight Data oir changes ii lift end piltchinrg oniomanir

Tstn Fe Ctpeorreatind Ap 7 are also preszented Author
Testing~~~~~~ FrCorlto Ap 176 if p IFor availability tee

N76-25286 16-09)
The design background of the Horrier wing is briefly 11176-253011 British Aircraft Corp, Prestoir (Enigland)t Aeriody.reviewed indicating the philosophy of design for controlled buffet ierisbp

penetrationt to achieve high usable lilt Somea wind tunnel COMMENTS ON MATHEMATICAL MODELLING OPtechniques for evaluationr of high rincidence behavior are described EXTERNAL STORE RELEASE TRAJECTORIES INCLUDINGand problems of interpretation are discussed. $onom reculte of COMPARISON WITH PLIGHT DATAflight trials concerned with establishing hItig incidence/Mach G A Cox and K. Carr lit) AGARD Flight/Ground Tatiti Fac~number limits of operation are dliscussed and comments are Correlatiorr Apr. 1976 19 p lFor mysiatilelity sou N76 252166
made on th, difficulties of prediction of flight behavior from 16,09
wind tunnel data on the basis of correlations on the Harrier. The ability to reproduce wind tirniel an] fligtlh store

Author jettison traleotories using a mathematical rsrodellirrg techrnique is
domtnortrtalid A ctorreltlotr is shown belwurii flighti trajectorieus

76.225 Alir Force Flight Dynanmica Left, Wrighiatero end predictions usling mathenmatical modeli; incrorporaturrg dala
AF8. Ohio from (ll matching of winrd tunnel jettisoneo with cornrrrtifiris to
E1PPECTS OP BUFFETING AND OTHER TRANSONIC full scale conditions 12) wind risnirl mneasurementst of installerit
PHENOMENA store loads and store free-arr aetcirodnamic forcies arid rrrnontrert
William E. Lamar /It AGARO Flight/Ground Testing Fec. The potential of the mathematical modelliing tectrtuicitim to rrnuiirlrrc
Correlation Apr. 1970 32 p etae lFrr availahlilily stne N76-25266 wind lustre) anrd flighrt store jettison tningranth is demrronstritted
16-09) Authrii

Buffeting and other tranrsonic phenomeina are viewed in the
context of highly maneuvering fighter aircraft. The fighter combat
problem Its tirat discussed front the viewpoint of thre pilot withN7250 etlaTui(Ily. oinTvoe Dpemphasis ort the efflects of buffeting and stability and control NCOMMENTS ANeWIta D Turin El/talL. dTuire CORELATINproblems which occur during highly nraneurverrng flight The currentCM ENSO WIO UNL/LHTC RLTON
state of knowledge and available data relating to Ifre tolerance AO A XTRNA STRE JETIO TET ONITHRFA10and performance of the pilot in this flight regime is then reviewed SAND 0erus G. Y ccanrl AnIRCHAPTlilhiAG
to sum tip the assesstment of buffeting effects on pilotinrg lgtirudTsngF CreaonAr16 1 Irfcapabilities. Basic transonic flow separation phenomena, structural (Foavilht biriun ste Nri-g52ec Coreaton p 96 Iprrdynramics, and relevant aspects of flight control are viewed from CForparaiablit see shown26 of.0win~uiil lgtltlo othe standpoint of the technologists to provilde understanding of results for sugnifilcant storeso Otta sture airrt F 104 8 and G 91the basic effects Various @spects of bruffeting are reviewed to

arroaftdesgn ad dvelpmen, ad mans f iproing ircaftY Relevant technriques of jettison tests are urlhistratiod Mirreuove
design to reduce buffeting andi fiigtit control problirms. The i olue rormi srme.frtetertcletmtti
situation regarding correlation of ground. wind turneal anti flight of tire jettisoned stores trajectories. oil %uuturort of win urur-trrr
tests is reviewed and the tneed of imrprovemerrts hr such and/or flight tosts Authorri
correlations is noted Gaps in capabilities and needs for research
and development are given ernphassis Author N7S.25303 Asroeparrirle Usirres de Toulouse (Franicre)

ANALYSIS OF THE COMPARISON BETWEEN FLIGHT
TESTS RESULTS AND WIND TUNNEL TESTS PREDICTIONS
FOR SUNGONIC AND SUPERSONIC TRANSPORT AIR.NIS-25299 Sesb-Scauatu. Linkioping (Sweden)l Aero-Space CRAPT (ANALYSE CRITIQUE DNES COMPARAIBONS 01S

Div "REULTATI DR VOL AUX PREVISIONS 0S IOUPP-LURIE
SWEDISH EXPERIENCE ON CORRELATIONS OF PLIGHT POUR DES AVIONS OF TR4ANSPORT SUBSONIOUV. IT
RESULTS WITH GROUND TEST PREDICTIONSSUE ON UI
Svein Teige. Gunrnar Strserrg, end Karl-Erik Stooke /in AGARD C PIaeti J. C Pilcir end J Berdaud dIr AGARD Flight/Ground
Flight/Ground Testing Poo. Coirelation Apir 1976 10 p ref Testing Fec Correlation Apr 1976 23 p reifs fri FRENCHl
(For availability seeo N76-25266 16-09) (For availability see ff76.252a616 09li

Some of the wind tunnel data and flight test data obtained Tire problems of conmparinig uesultsobtainail frorri wurrditiiirrrsi
durirng Itre development work on the SAAB 37 idiggon aicrirft with those derived front actual flight tests were discuss~ed It
are cinompared Thrirs different areas of lesting were selected was, pointed out that correcitions riuijt be made to rurlist these
1ll spin tests. (2) inlet tests end (3) measurements of aerodlynamic results directly, duo to aeinroalestic effects and tire effectl ot
derivatives The merit spurning and recovery characteristics of Reynold's number differences For instinco. high aerodyrnamic
the aircraft ara irr good agreernetrt with those predicted froim loads mnay sitar signrificarrtiy the gerreral aerodyniamric shape of
wind tunirol tests,. one exception being thdl the inverted spin aircraft as compared to thrat of tirea correspondcing scale mrodels.
mode has not been found in flight tests Gerreraliy, this agreemnent corrections must thean be made to tire coefficients mevarured
between uncorrected Intlet scale model teasts end full sicoal is with wind tunnels. makinrg predictions more difficult In addition.
lair, but with a tendency of model flow measurements to be a certain problems arise in tilia measuroemart of aerrodyrrarIiLconservative prediction of the aircraft performance By conrec. coefficients over the trarnsonic regimne Using results obtained
ring the model data for Reynolds nuntber effects and probe with the Airbus end Concorde aircraft, an attempt was made to
srting irafluerires. en almost perfect correlation was achievedt The point out the accuracy that rmsy be expectedt frorr aerooynairerr
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ecoefficieintq derived front wind tuirriuldirrru 111Riiirrrnts arnd thre cut ilpurioit lvui Iriniirtrurtiorir for thn st udy of flight path command
parameiters that eifrict thiit acrcu ircy Tri mlty hy YJ A sysormn Soinmi riinriult vhhw ilia itacki ng perform ance archlaived

Wiit ail ciptinriaiid conitrolI low arid suiitatiiy modified pilot
N70-29267# Adivisory Giioup fori Anir pourci. linin aiici n and Initerfacesr Author

FLIGT UMULTIONGUIANC SYSEMS SIMLA.N76-2S292 Naval Air Development Center. Waimiiiiturr. Pa
TION Air Vehicle Technology Dept
Jin 1976 380 p) refs Prsnirrrted fil the Joint Flight Mach. APPLICATION OF FLIGHT SIMULATION TO DEVELOP,
Poinel/Gliirnc~iie nun Conrtrol Parnel Snirri.. The Hargue. 20.23 TEST, AND EVALUATE THES F-14A AUTOMATIC CARRIER
Oct 1975 LANDING SYSTEM
IAGAIIO CP 198) Copyirigth Avail NTIS HC $10 75 Robert L Forteirbaugh anti James M. Rebel iNATC) Ini AGiARD

Puma iii ateu pirimirtit~l d"11iiiu10 WitIhencrllli tl t i ffligt unirurilatillr Flighit Sirimulatioin/ Guidlnarici Systeims Siul atlion Jun 19170
tirtrrliniuirm Siincific tirplir discusseil uiiincurla it) approach anid 1 3 p roi irI or availability tieo N76-29287 20 09)
blinid liinding. 12) aircraft deusign, arid 13) imilitary operations and In the deveilopmenet of1 a f 1 4A automatlic carrior lending
mrissionis suci us air combat, weapon delivery, end misaion training. system, a minving-base simulator warn utilized to raplaca portions
The geinerationr of notion, visual. arid feel icae arid turbulence of both computerixed syintheisri and flight lamt phases The
models are also discussred For individual utifat. see N75-29288 simulatur proved to be a cost effective teat anid evaluationi fool
through N7B-29315 iii that It wae able to duplicate and predict flight teat results, to

lecithin pilot acceptance as a valid representatioin of the real
Britsh ircrft orp Wa~nnl~irlanrti iliaryairplane, and to provide significant inotruasin arid flexibility in

N76-29280BiihArrftCr.Wro Enln) Mltr the number of parameter combinationa that could be eldimiiied
Aircraft Div b io.Ato
THE GROWING CONTRIBUTION OF FLIGHT SIMULATION b io.Ato
TO AIRCRAFT STABILITY, CONTROL AND GUIDANCE
PROBLEMS N76-29293 Sociale Nationala industriaiit Asrospatiaie. Toulouse
A G Barnles lnn AGARD Flight Slmulaliorn/Guidance Systems (Franc@)l. Dept. dec Etudes do Qualifas do Vol at do Pilotage

* ISirmulationr Jun 1976 13 p islfs iFor availability stur N76-29287 SIMULATION TECHNIOUSS AND METHODIS USED FOR
20-09) THE STUDY AND ADJUSTMENT OF THE AUTOMATIC

Thre changing role anti contributiorn of the reaearch/ LANDING SYSTEM ON THE CONCORDE SUPIRSONIC
development simulator ia discussed. It is a field of activity where TRANSPORT AIRCRAFT [1MOYENI ET METHODEB OR
rapid progress is being madet andi the reasons for ouch progreas SIMULATION UTILISES POUR L'ETUDE ST LA MISR AU
tire consideraed liitiparticular the advaiices which developments POINT OR LATTERRISISAGE AUTOMATIOUE 01 L'AVION
in1 TV based displays have Nioughnt are rioted. Esamplec are OR TRANSPORT SUIPERSONIOUE CONCORDE)
liveir of tlire increasling range of prolemans nlow addressed on Raymrond Dequs and Jean-Louis Boonal. In AGARD Flight
simiulators. anir comai of tirea futurer frendh ear indicated. Author Simulation/ Guidance Systems Simulation Juil. 1978 If p fir

* IFRENCH (For availability seeo N76-29287 20-09)
NIG-29289 Messurscfnurnittitloelkow.Giolrtiri G.lli.fn . Munich Aftar a brief prrasantaticn of flight aimulation lecirniquoti.
lWest Gerirainyl. Human Englineering Dept tile utilization of thia outomnatio landing cyctam of the Concorde,

A METHOD FOR THE GUIDANCE AND CONTROL SYSTEM breakdown conlsequences, anrti performance analysis oare slildivd.
EVALUATION FROM THE OPERATIONAL POINT OF VIEW A critical last of turbulence models is prcesritedt it the effective

anialysia of turbulanceol encountered In flight tests.
If Danrkscfert arid P Hartir /ir ACIAR D FliUhi Siimulatioin/ Trsiifl by 8.13
Quidancet Systemis Simulation Jrii 19711 7 pt (For availability
siea N76-29237 20-091

A niretfiruf in drinictiru foir hiumiani erginrerincJ assessment N76-.93294 Boeing Aeroapace Co., Seattle. Wash.
if avionic forilennuv. tlre mnelthod is brased our the rise of humerid USE OF THK FLIGHT SIMULATOR IN YC114 DESIGN
rirjnrruinreinrg criterian for which exairuirie are giuveni Tire way these Robert E. Spitzer lit AGARD Flight Si mutatiorn/ Guidanrce Syateins
crieria load to evulerrn evaiuutitirn antI syiluiri optirmization if Sinmulationi Juii 1976 14 p refs IFor availabl~ityr see N76-292B7
vlicwnr li examples Author 20-09)

The twfltreligirie USAF/Boeing YC-14 STOL prototype is
N76.929 Car~o ifeunue er Vl. atiia ~racelapproaching tire final stages of fabrication and fassembly. WithiN762920 Cntrl (T~sis in ol.Imioo Fraco)upper-srrrfaca-biowiirg powered lift, arid triplex digital flight conltrolINVESTIGATION OF THE LANDING APPROACHES FOR A syalem. the YC-14 repiesenfa a now generation of transpcont

STOL AIRCRAFT USING A FLIGHT SIMULATOR [ETUDE I Ircraft. Tire piloted flight simulator has served as en Integral
AU SIMULATEUR DU PILo'rAGE D'UN AVION STOL EN tool lin the rdesign process. The flight simulation work fhiat
APPROCHEI supported arid guided YC- 14 development is described Ortganiize-
J P Petit util .r C Rayrii IONEIIA. Mortunic hIn AGARD tion arid features of the digital rniatli modal are discussed Tire
[light Srritir/GriuruiSyliteina Swirrila tion Jun i 1 970 simulation includes pcrwereri lift effectso. engitre blooid for loadinig
15 p) lii FRENCH liNGL~iSl urrirririry (Por aviailability live edge B LC. irrechanlcal rind electrical flight rcontrol synhinis.
N76-29287 20-091 maeiil delivery modes. and a newly developerd wind arid turbrulecrre

Tlii riiflirirrce of int iiruniontiartion iii the irstrtlriihitiiur of mrodel. Thle three rrrisi contributions of tire sinmulator are covered.
live luiiin al ha ndln uit yvecor uerdij fori rluirocy. IiR faref Vwas criteria dlevelopment. control system definition, aund validation of
invrstrirgaitedoi mViiitl veafe r Vairrdus chrips y of TL aniraf wore flying qualities Criteria for enolira-oul STO L aptrroachr are

111HR11101110t~liitiuit estd Vrios tyes f SOL arcrft arediscussed. Control laws wors developed for conventional picutirigrdefiinid try mdiroluatiorr of tfhe engnpina thrnust utatic and dynamic techniques for STOL speed and flight path cointrol Satisfactoryrciinricturruutnrrnu anti iy riniodifivlatni of tfir lift cnrcfficinrrtii. in order flying quoalities ware validated by Boeing. USAF. and NASA pilots
giiive thermi viiiuris fliijlir pitfi mrgineprs antii va ricu.- fliijit pathi for a wide range of flight conditions It as concluded thaet firea

rulbs of chirnrriii Piivril imuI ioul riot units usled to rio fine several
SCOt. nii rra ft. tho taut progra iic rinriuiclinn. fndn Ifril rerirrits obrtbrre flight simulator as air invaluable tool In the design of advairceed

ruenfiiicilinl utedu technology aircraft such as the YC-14 Author

N76-29291 Dourincfr Foricliuiigv- und Vorrruciicarstrult four 1114112929V* Kansas Univ . Lawrerrce.
Lint- unit Riiunrifilirt. Brunslwick (Wrist Goniriruryl trial foci SIMULATION AND BIMIILATOR DEVELOPMENT OF A
Flrrpfuisrrrug SEPARATE SURFACE ATTITUDE COMMAND CONTROL
THE USE OF A FLIGHT SIMULATOR IN THE SYNTHESIS SYSTEM FOR LIGHT AIRCRAFT
AND EVALUATION OF NEW COMMAND CONTROL Jan Roakam Ini AGARD Flight Simulation/Guidance Systenis
CONCEPTS Simulatiorn Jun. 1976 15 p refs Sponsored by NASA (For
R Orikurn. V Adforin. andf Ft Diorire /ir AGAFID Flight availability sea N76-29287 20-09)
Sinuitialino/lGriintrcni Systerms Simiulaitiorn Jin 1976 16 p CSCL 146
refs (Fnnn aivaunrbility airl N76-29287 20-09) A detailed description Is presenuted of the simulation phlioso-

Theiirntrodiuctioin of ufuiinli ijinctruc flighrt control systems as phy arid process used in the development of a Separate Surface
welufll nv w ru heforertical technriqiues iii optimial rcorntrol open new Altitude Command control system ISBAC) for a Beech Modal
warys lii overall dousillir In partircrular. theu developmnrnt oft advanced 99 Airliner. The intent of this system Is to provide conmplete
ucommnrnrd control systerris offurru gretat prormisen A flight srimulatoir three acxes stability iugmnrtruiation at low tioat and wifthout i lie
is utiiril urn i iflesnign trid rid rid a teriraria for expiloratory arid read for syatemn reundrrranicy Tile sytihsm , alithoughr aoine aiu t
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ilia gorirrl aviatori irrarkut. als has ittilitlr~ilits t10 Certain 1militarY The radar landmass simulator is used at all levels ini the
h arplaners as welait un to iniriaturu sutmainrira s AUthUr training of pilots slid radar navigators basic training. conversion

training. conit inuatiotn slid inmprover traritaiii. and navigation
N76-29296 Mnruriniraliticoitt Hoorirkcum -lolirriG in 11 H., Munich urisarcies at highl alird low attit udesa Tits Simul ator has sit
(West Gar utuiyl operational use front its ability to providte radar prediction inapt.
BENEFITS OF FLIGHT SIMULATION WORK FOR THE Thei prirnciple arid organililaion of this typm of niniulator. its
DEFINITION, LAYOUT, AND VERIFICATION WITH HARD- qualities of flexlibility atil accuirucy. and its applications ire
WARE IN THE LOOP. OF THE MRCA FLIG3HT CONTROL iosliberhi. Author
SYVSTE M
W~ Clorurdtklat. CIiirittirt. tutu W Doiry hIt AGARD1 Flight
Sinitiilation/Giiiudanitu Siynteritis Simtulautioii Jutn 1976 20 1) N76.29301 Ecula Nationals Supaireu is do lAs torruticlurs at
lFoi avauilability seri N76 20287 20 091 dve Ilspace. Touloruse lFrartuel

Baied oil thnt dosiinuilloti of ilta tirimmay Fligtlt Cotitil Systaurt SIMULATION OF A VISUAL AID SYSTEM USED FOR THE
itt the MICA tlia initiii Hyrantit luyoiit liaaturotei arir riplainted. PILOTING OF HELICOPTERS IN FORMATION FLYING
Thfliart btuui~t titrfils of vottwitmsltuuynta 41uitritil arutil layout stim

itointuti out vinuf theirt test uiityiqit inor ilii nttatrtul Thu subrutirtuetit J IH Llaruuirn. A J rousaith. M Cliquet I Cettra dElutuilcaitt (lit
lterdwaftri ruybton Intieguattiti work on a Flight Cotutrol Test Hig Reacherche%. Toulouse). and N. nirttert (Contire d Eludes littia

with open loop tesits arrd closed 100, falats combinted with the flechatches. Toulouse) hit AGARO Flight Sinnulatllon/Guidartce

00omputer aitcraft Anilrulatloniti aremtrtontstrated Author Systems Simulation Jun 19703 14 po ltae In FRENCH (For .
N70-929 Ai Foce Figh lat Cnte, Edard AP. ClifReal time 6imulaf Ion of a system uaed to aid tha piloting of

N702927 Ar FrcerlijhtTes Ceter Edard AF. Clifa hnelicopter, petrtittfting itt0 fly litt fotmationt in hazardous weiather
SIMULATION IN SUPPORT Or FLIGHT TEST cutriituona Is prusentod Tits lfeader arranges the navigiation paths.
Richard fR. Hanseon. Chrirltophear J. Nagy. and Paul W Kiretarn ilia craw plots the disattnce and level of the preceding helicopter
lit AGARD Flight Simutiatiorn/Guinlance Systems Simulation Jun with the aid of a radar deitaction system. The simulatioin introduces

1976 28 p (For availability zee N76-29287 20-09) the requirement of a humant pilot who, with the htelp of a
Thle Guiefrutl Purpose Lnuignaering Simulator IOPES) operated nirriromanipuiatot, provides orders of cyclic paths. longitudinal

by the Air Force lreat Cetntelto1 support conventional aircraft and latorai. determining the evolutions of a helicopter crew
and aaronpltaoa vehicle tasting anid develorpmenrtal engineering is stationed at a digital computer Tronti by 8 6
descr ibed. The GPES is a small simulator without mrotioni or
visual systenis for somatic cueing. Two colncurtent real-time
mail-iit-the-iloop simulationts aer providedt by thits system which N76.29302 Forscltungsitrrtltut flir Anfhropotschriik Macklin.

itincludes hybrid and anialog computets This systimn is used In helm (West Germany).
eicrftdeig odfiaton io amiiiartaariort, handling qualities THE INFLUENCE OF VISUAL EXPERIENCE AND DEGREE

investigations, arid accident Inivestigations among other enginreer- MENSTYINZATIONRAFT APPROAHT ACNEDSTNEJDE
rig studies. A simpler but accurate slimulator such as the GPES ETIARC FTPRO HSIN1

lries mrarhy advantages in all aircratt testing environment over Gent Duarist fill AGARO Flight Simulation/'Guidance Systems
more complex systems with ittuiort andr visual cuest. Author Simulation Jun 1970 9 p rafls (For avaliablitty sea N76-29287

20-091
FTse techinical developiment of the visual systemt of a flight

N76-21129111 Naval Air Dnivelopnrrvnt Cetarrir W~arminster. Pa simulatori Is considered Thte basic problem is to dletermitne to
Alir Vehicle Technology Dept what exteit iia tire ternal acetic might be simplified arnd styitzed,
A JOINT PILOT/LANDING OFFPICER SIMULATION PER- while still presenrtintg enough of the required informartion to tlte
FORMED TO DETERMINE AIRCRAFT WAVEI-OFF PERFOR- pilot for the lartdinug approach. Experimtental results which help
MANCE REQUIREMENTS 10) eatablish the humani engineering visual requiremerits tot lthe
Ronald L, Nave Int AGARID FlightI SittrutationIrGuiitlari Systems11 visual simulator beirng developed aite givnst. Author
fim ulatIon Jun. 1976 10 1p rats (Fcu tavailability tiee N76.29287

A combitied ttilcit/iutdirrg slignal officnir sintulation was N70-29303 Royal Aitcraft Establishmenl, Bedflordh l~liglandI.
performed at the Naval Air Developmient Center In order to DIGITALLY GENERATED OUTSIDE WORLD IDIIEPLAY OF

develop requinemertint fo, thea wave-off performanrce of Navel LIGHTING PATTERN USED IN CONJUNCTION WITH AN
aircraft The sinmulator was aluo used to investigate the dynamic AIRCRAFT SIMULATOR
informatiotor between tilie pilot srill latidirig signal officer. Tfrrustilwg Smair/iec ~tm
weight ratio arid wing ioadlttg were Identified as being the most Siuaio0u91712 oe Fj SdailitbilitV see N713-29207

A asofpromneiqieetwave-offelperforhace. Thirs iin featlures are rtscil ofit a digitally generated
Aswae-cifie perforn m anes tofaircrnaft noras develertopn which outside world display along with its uses as part of a flight
spectifiedf trin irim aues cof aircaf niotna eerInt ation othways-offtimuiettoin facility to support researchr prgograms concerned with

funcionof tim irsirie suh tie nle, rtilaton o th wav-of al weather operationts. The pictute presented to tfra pilot lis a
rirtaneuver A mninimrurm tfnisti/wrrigitl ratio or .4 aird a niaximumviwo rfefapac atdunylghsssen titit

ttower approach wingu loadinig of 90 lb/aLl ft mete recommended T~eview is airtolmappracht iaritdt buwy lgthe u sseeof at plig.hlo
hissed on pilot opinion gatlrrrurt lit the sirnulatlitn. lit a separate cs.cittv iio n a esab l rwmmeso
LSO experimnrut It was determined that the lentding signtal officer cothe.sdbc cona o kmititr Thcne bssoof tyalre w mys em beis a ointa

could detect aircraft altitude errors durinttg approach as smnall as tohpe u uixed b tsogenerte The perspcive pficiuytem ais a dpigitaly

O fel at1/4 ile airg. Auhordeveloped television camera itsirng a frame sequential techtnique

N78-29293 Naval Air Tast Center, Patuxent River. Md. which, togethrer with a modified monochrome projector. presens
ON IMPROVING THE FLIGHT FIDELITY OF OPERATIONAL a color display to the pilot. Tire systemr provides a very cost
FLIGHT/WEAPON SYSTEM TRAINERS effective simulfation of low visibility conditions Author
Marie 0. Hewett and H. Thomase Galloway hi AGARO Flight
Slimulation/OGuidance Systenms Sinmulation Jun. 1976 13 p 117111-29304 National Aerospace Lob, Amsterdam lNothrariandsl.
refs Il-on availability aces N76.29287 20-091 DESIGN AND PERFORMANCE OF THE FOUR-DEOREE-OF-

A team approach utilizing thre comtplementary talents and t RIEMOM MOTION SYSTEM OF THE NLR RESEARCH
expertise of Naval teat pilots. flight lest anignrearte, computer FLIGHT SIMULATOR
specialists, and sirriulator specialists from various Naval field W. F Koaverrnans and C. J. Jansoni lir AGARO Flight
activities Is deticribad. The approach is effective itt improving Slrtnuietlon/Guitiance Stistutrts Simiulatimon Jun 1976 li p
the flight fidelity of colltting Operational Flight T rainers and Weapont (For availablilsty a N76-29287 20-091
System Traierivs arid in goildiitg conrtractors it, providing the best Tire notion systerm of ithe NIIL researcih flight sitriouator
flicaitly itosaitte itn norw flighft ailmuietrirs. Results obtainead lit withr freedorri of ntotionr lit hesave. roil, piitcht arid yaw is dluacribeni
aeveral progrtaits tio respoerted. Author To give good inotion L1u1s. srrY110lh opesrationi without any lark,

is required. To this sird elapoiic; hydraulic lacks were developed
ini which stick-3lip pirerriritnia ro err liiminated by inrtrodctritg

N76-29300 Lit Materiat Toeiatloniquo, Trnippes (Francs) nirytrostatic beating iretwerir thre imovinig piston iand rod arid tits
RADAR LANDMASS SIMULATOR fixed cyintderr. resulting lii att acceleratioin tfreasholdt lavot below
Miohel Dechery /hr AGARD Flight Sirnuistiori/Guidtlitce Systems o.011 g A itstrenitatmcat nodrel was pirepared to simrulael and
Sinmulation Jun. 1976 8 p (Far availability see N76-29287 aoily the behravior of the trydraiulic lacks. Results aer given of
20-09) nveasurrureintte ort siitgle lacks and thes comptlete ayetern,
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comprising accelerationr nalve arid throshuld level, dynamic Walltr W Hankins. III in AGARO Flight Slmulallon/Guldance
respoinse andI performance diagramsr Because of the required Sysatemms Simulation Jun 1976 9 p (For availability Soo
oil pressure tar the hydrostatic bearing. special procedures have N76-29287 20-09)
to be followod to start and strip the opeliatiort of the system A CSCL OIC
description in igiven oftilhe principles at the esniety system A computer program developed to fly interactive onst-on-one
applied Author simulatedt air combat maneuvers against human pilots Is described.

The program which is called Adaptive Maneuvering Logic (AM LU.
In being Lived lIn the National Aeronautics arid Space Administration

N76-29305 Cranirtild lrrtr t of ictnorlopy lEritlanidi otl it o (NASA) Langley tResearchi Conter's Differential Maneuvering
Eliectroinic arid Coitrtol lirginutitiig Srimulator. The basic control lo6tc evaluates the relative elates
FEEL FORCE SYSTEM WITH AN INERYIA REFOUCTION of the two aircraft ant Iowact by choosing the beet of seaveral
CAPABILITY elaneinetel nianiutivear. Pilot comm'¶ents and results obtained when

JM Lipiconibu unit D .1 0 Liiaw ciii AG ARD Flight lin0 r:ornilrhier wait tliowrn agairnst combat -qua]llfled fighter pilots
Sinulrioi/IlricurcoSyvtnrims Siiniilatran Jun 1976 1 3 1) mcirdcafate thatii prograrm parformsr reallistic mnaneuvers and offere

rite (For availability %un, N76 29287 20-09) a very coiripatitive stanrdard pilot Author
The designr. Coinstruction., antd test cit a aingle arid twirn atick

feel force System is rtvacribstl Tire eystaems have the usual veriableN7213011M onelDuasAtnuicC..H tngnteal ctharacteristics ot stiffness. dampinil, backlash. Coulomb N5231 M~nelDulsAtoatc o.Hnigo
frictioin arid breakout farce, arid also a variable inertia. So that Besch, Calif.

ANALYSIS OF AIR-TO-AIR MISSILE REQUIREMENTS ANDthe effective inertia can bet increased to mriet than the~ stick WEAPONS SYSTEMS EFFECTIVENESS IN AN AIR-COMBAT
iotte.ta or reduced to a small proportion of the stick inertiaMAEVRN EVIO ETParamneter plane design techriq~ues are applied to a high order MAEVRN ENVmmkn, imponMEanT ýW utoc NC i
miathenmatical modall of tlire system. aruid a dillital cotmputer and 0 LR Flseinght I Sirnuaipodn. en SysW.temstrimlatio JunIli
visual display unit tire used in interactive Inode, to evaluate andAAD ItihSmuaonGdneSytmSilton u.

plott~r lcuu f h paemeeroof li. ystrirforanydesred1976 9 ti (For availability eeo N76-29281 20-09)
plote aidita locu tionsf i tha ometio iia-r The toettfor nyar desofrth A simulation developed to aid in air-to-air missile system
model is than compiared to the performanirce of this syetenn under requIrements analyeia, miuslie Subsystetm design, arid weapon
lost. Author try-tern effectivetness lis described The sit combat analysis (ACA)

simulation welt developed in support of advanced Navy air-to-air
missile programs to offer improved deskign techniques for use

N76-29308 Royal Alirraft Establishment, Bedifordi (England) with highly effective missiles. The ACA simulation brings added
Flight Systenisr Dapt realism rinto the desigrn process by introducing the combat
CIEVELOPMENTS IN THE SIMULATION OP ATMOSPHERIC eniivronmenait as an independent input Into the simulation. The
TURBULENCE comibat environment Is Introduced by using mock combat
0 N. Tomilinsor lit AGARD Flight SIML)Italicin/Guildanue Systems airoraft traiectories Iimrsslo) or manned cockpit sinrulation

.5 Srnualin Jn. 97614 tou Fr aailbilty eo ~a22e7trajectories as initial ciondition, for rmissile firinngs To Iliustiata,
Simlaton u,17 4plt 1 viailit e 7-96 the capability of the ACA simulation, Sample analyse.mu are

20-0u9d1 elsrruainofarrl flit ncuino discussed which derornstrale requirements analysis. subsystem -vrlost rer urdbulenc sismulationofaircrufth suesif it. evaluation declsign, rnrd weapon systenm effectivenress. The preprocessing oft
of ihandinigrf and ridse cjriaitias, arid to thre creation ot a realistic the airoruli hass~le dateamnti thre itititllaiation of the missile
subjective eniviroinment anti repierstrrilative pilot workload A new milirrulation. tire detail Invioived Ili the simulation itself, and the
mrodel of atnmospheric turbulenrce uapab's of gearerating lime. postprrieaeliif of thre simulation dat* to give Intercept perform.
histories which reprorduce ilite esseirtisi cliscreite-guet and oirce. tailure summary. 0tn41 terminral geometry, are described.
nih-oieueitsian features of turbulernce is rtescribeci A prirncipal Author
aim cf the irodel is to reproduce the quality of inlsrinitttitcy'
idenitifivid Iir real atniosphreric turbuisirce from the nrorrGauseierr N76-29310 LTV Aerospace Corp.. Dallas, Tex.
dislributiorre of velocity differerraes~ Qualitatively. into intitteircy AIR COMBAT MANEUVERING TRAINING IN A SIMULA-
appears in a turbuience nenrord as relatively isolated Inn9. clrangar TOR
in1 gust veiocity embedded hri it background of low activity Charies W Mastriur arid Gregory J. ultter (Tactical Air Command,
CoPinperisoti with fligfht rrneaurernmneiri of alirnospiteric lurbulleicei Larngiey APB. Va.)Ilii ALIARD Flight Siinuialiorr/Guldonce
shocws that power spectra, lntririnit turrcy. ainti discreto 11051 contenit Systemrs Si mulationi Jurn 1R76 t0OIp ruts (For availability sea
are14 accuraitely reproduced by the model A paruoatree Iii the N76,29287 20.091
mrodel enables inrternuiterrcy to be contrtolled erxplicitly end The Tactical Air Comrmanid Aerial Combat Engagernent
irattrarit tio a variety at wautiter cuidir,inons arid teitreln Eupert. Simiulatlion (TAC ACES) is an attempt to use a fixed-base visual

rranita in a sirmulatonr have srown accaptairce by pilots. but credible lighter Nimiulator as a trairring device to improve combat skills.
simulation of ftutrbulenicet otnitsI effects requtalr a high rtuality Thire progits in i structured to opitimize the amount of training
(rnotionr y:1tammrThrn nudel existe as a FORTRAN conrinutor with elinuinstioti state of ilia art, such that it wilt enthance the

inorni ir sa iilgehrwr ein tiut flight syllabus. 1101 replace It. Tfre trainter conifigurationrwilse
orginrally conrcernead with tpilot-in-tite-ioop' simiulationi. tirea model devaloped r orm a review of U 5 inidustry sird National Aergrrautles
at tuirbulenrce dtescribned ties relevanice atilltapplication lin other and Spaice Admrirnistrationi (NASA) facilities. Intneructiornal facilities
are as. such as uerlificutrorn trials at ijuloinaltii laninrrig crluip. ware adlded lto pirriilt comrprehensiveiv monitoring of Simrulated
rIentn Author corirbat withr appropriaet coirtlals. Ini addition. a system of

automated grading Is provided., summarrizinig teach student's
N76.293107 Teclinischri Hogeschnool, Onrift (Nethesrlarnds). porformeirce through tire use of at digital, computer -produced
SIMULATION OF PATCHY ATMOSPHERIC TURBULENCE, printout arid finally, to toucth the couirse. a flight training syllabus
BASED ON MEASUREMENTS OF ACTUAL TURBLULENCE was developead for fii simnulator Pilot skills, safety anid potential
G A. J VarrDoMoeadijk Int AGARD Flight Simutation/Guidlaice savingsi are tangible asaets. of course, but the more Subjective
Systerms Simulation Jun~ 1976 14 po refs (For avalaeblirty "se opinions of pilots eant inenrirators era sampled too. Author
N76-26287 20-09)k ~Pilot dissatisfaction, with ifia characteristics of Gaeussian
simulated turbulerice in flight simulation stimulated a eesearctn N76-2931 1 Mc~onrnell Airci aft Co., St Louis, Mo.

prora todeerirr frsrelvat roneusln apetsof ctalAPPLICATION OP MANNED AIR COMBAT SIMULATION
slmosplieric turbulence treaded lIn a realistic turbulence simulatiorn.IN HEDVLP NTO FIHTC TRL UU -
A naodl dmescribling the So-called poetchy characteristics of MENT4 FOR WEAPON DELIVERY
atmnosphieric turbulence as Sensed by the pilot IS developed in J. 6. Burger, R P. Mayor. 3nd David L. Carleton IAFFUL) /In
which Itie degree of petchirness In defined in mathematical terms. AGAnD Flight Sitiluliallon/Guidance Systems Simulation Jun.
Results of actual merasuremnents of patchy chat rectoeriotilea analyzed 1976 20 p rasf (For availability see N75-29287 20-09)
lit a met hod rinhlicaloct by the model are compared to the model (Conitract 11338 15-73-C-3 122)
characteristics. Finally a digital simuulation of real-tinnes patchy Manned arr comrbat asinulations were corndfucted to develop
turbuleince velocities is prresenertd. Author reqiuirements for tactical udvanced aircraft/weapon systemsr In

which precision tracking arid weapon delivery ars optimnized
thronughr flight conitrol system rlenlgn Tire objectives were to (1)
ifeveloi airalytical pilot rmodclei that relate weapon delivery

N76.293081 Nationral Aeronautics and Space Admnriistration. accuracy to tire nmrntlirr iritugiAtei alrc;rntt/ ifielays/ tight/
Laingley Research Curlaer, Langley Station, Va geornietiy uysteiri for air-tvair arird airtin-grountii wouponr delivery
INTEI4ACTIVII! COMPUTERIZED AIR COMBAT OPPONIINT tasks, (2) validate arnd Incorporate these ptiloti rirodes int the
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09 RESEARCH AND SUPPORT FACILITIES (AIR)

Taritnitial Au ria Weaponprr Dohlvury Simur lainon I AVVOS) digjitalI N76-29:316 Ministry of Defence. Londnali (England)
compii~uter ptroramij. ivid 13) urue til TAWDS pioglplo to detlermrine RESEARCH INTO THE TRAINING EFFECTIVENESS OF A
hrow aircraft flirin (rurilities affectnr air-to air gunnriery. arid F1ULL MISSION FLIGHT SýIMULATOR
uIhr-Iti rourrr grrrneriy arnd boibrtijiil wrunpoir doiliurvy effectivenessi Graruiorn Shepherd In AG AlO Flight Simunairie0/ G uidantc a
Tire TAVVDS irotruinri oiratrloRr ri rtirliril srimurrlaioni to tie performerd systeims brirrulatirri Jun 1976 17 1) (For availability see
oir various rclosred luoop wrnnpoir delivery syshtemsg untder tilanuril N76-29287 20-09)
fttckiirgioit conto lot ioivi utirt irlrnit rrvinliatrirp weeoaiot nlivalry Tito truinrinp rnfirrriverruss of flight sntilarlurrtrs is atartimned
acrcuracy Trrickirr11 iirifftrnialicu friotirls. atcqluiredi frount analyticril Air Objectrive rirlsasi'. of niirrnow itarfotmrrtoce is derveloperd tor
pilot1 simurulationsr. airt curiruinr Withr thoise tbtainredrrornt lire use. iii long trim' strrrntrtitlt rairls Inrrrlte rim uils lot a rjnumber
itrrtrirnr Krrtummlirtiorns. aund iro lai: urn Wonmpur' Delivery ( ridD Ok~ 1rf flirght rrmufilrrn 11111iC010a 1111 frtriumirlrty Of din rvmtrg ant ob31ut ive
flight lrust rtrvnrlrpuirrnrr prrrinirrr Thirns irtrrrlts rirrirate liat initirnslr of rrrt frrrrrrjrrir fro tirrrrr~ii~o lnr flighrt titir and n strituctor
rhoi orlicirro11 rre of [in l off n iriririrr arralytical wealion dilrivirty 1vtMnrSS1iir 1trilrrrunu irir1i)1 r1trrlriprln rriljr rrv'itin tricniqirrrirar Au~tlOr
pronurruri n nrrjlit tonnt loll Witl) Inririnid sorrinlatuort strudimes provide*
at very rcost ehlrrofive alrlrrrurhl it uesininulrg. developing. and
uirtumit~il ardvancedau oir (In rf/wopnarr delivery systemir Thre N76-30236# Advisuivc Guiourr lot Aerospace Rlesearcir and
oat~inrnrfonr Of flyingi qulritiesin fori piloted adivancred aircmarft. Develorpmnrrt. Paris (Franrce).
perfourmring sit-lo-g~rountd wuiaupoiirtslivery tasks Ini terills of weapon TECHNICAL EVA LUATION REPORT ON THE FLUID
systemi utleuntrvonrirsii is hlrowr to bei tearjl~ile for ttsiorirrnrrngi DYNAMICS PANEL SYMPOSIUM ON WIND TUNNEL
wl intarrlihlahrlr flight rwintrttl tarfumitrrrtfiiot Author DESIGN AND TESTING TECHNIQUES

0 H Goirthert Atigl 1976 23 1p Held at London, Out 1975
IAGARD.AR-97, AGARD-CP.174. ISBN-92.836-1222-71 Avarl.

N76-29312 Wriwir Synitnbiti, life, Woodland Hulls. L.aidt. Advanceud wind funnel systertia are discusised with unitilidksib
rDEVELOPMENT OF A SYSTEM FOR SCORING SIMULATED ii r rron r iecypri uretfrrgriairra~

BOMBING RUNS trarnsonric wind turrrels Topics CavilledJ Iniclude cryogenic
JS Anisman and F J Hallinga 1651115th Test Group) lIn AGARD opeait ion, adijusatblte wrrtts rlanatltuin susupensionts, atid liruto

Flight Simrrtatron/Guidairnce Systemsr Simnultioln Jan 1976 miratfurinemtiffiurr Authort
19 p ref [For availability Nee N'16-29291 20.09)

A Balrtic Scoring Syasutem tSS) to be Used in evalutuiirr
radlar bomrbirng cetrtrritisr F1Ill arid AUl situ rahf was developed N77.1 1070#1 Advisory Group for Aerospace Research end
Tire ESS correists of en inertial nravigationi system updatetd with Development, Poils iFrenoe).
precisionr ranrga anti rarrga~rnil rmeasuremnrrts to a fiat of 2 to ON THE FLOW QIUALITY NECESSARY FOR THE LARGE

I f4 groun~d tranisporrders placed It rutnso proximity to tire target EUROPEAN I4IGH.REYNOLDSN UMEER TRANSONIC
A pod cott~rravis hr. airtbornie aequipmnrrt intiernal naievgation system WINOTUNNEL LUHRT
and range/riangera-ite intetrogatr)r arid attaches to a stanrdatd J P. Hnariulkur (National Aercl. and Astronautical Rea Intl..
weapon Mtotiot i er thre aircraft While the aircraft nmakes its Amsterdam). P. 0, Pugh (Royal Aircraft Esateb.. Bedford. Engt.),
fitimuilutud) boltibing roil, tire OSS purl contirnually moitonIrs lits W. Loreia-Maysir 1DFVLR, Goettingen. Gsrrrrnyl, G. I. Fossac
ptsitioni srid velocity relativn to tire target. The airnuraft's weapon (ONTHA, Clretillori soot Segrieux, Francal, and 0. Krrechemenn,
roivetvar syalemr sertrts Its relearse pulse to thre weapon stelotio ad. (noyal Aircraft Estelab,, Fainboroughi EngI.) Mar 1976 31 pn

wincli holds lire HISS podt Snrbaequerrtly. the computer predhitta rat

released Dumnb Irmptactr arid othert tuutiremt data Are stared [it HC A03/MP' AOl
tniarirory tot rir1110(irrrrlnrt iirtfol~l when tire rtirlarris returnrs to The Large European High Rteynolds Number Tiansonic
liae, Author Wiridtunnai (LEHiRT) Is meant to provide astindytiamla data at

high Reynolds numbers of high standard in a telativitlyv short
running time (dictated by economica reasons)l Thit implies thrit

N76-9313 Dinit WtkuG n.1j H rindrolvholn (oolthe flow qualify in LEIIAT has to be exoelletnt. Quantitative
NTS-931 Onrnue Wernn rr~b H Frirlrlhsteter i~strequirlements for turbunrleisu level as wall as for piressure

normairty) fluctuatiorra have begin developud in thins report Author
WASi: WEAPON AIMING TRAINING SIMULATOR
INSTALLATION X77-72035 Advisory Grojup- tor Aerosipiocir HIroauacir arrd
Uwe Sichulz /1r AGARD F~light Smrr-11rlrrtion/Guildarce SystermsOaspnrt.Pis(ainl

Simlaion Jiir 97 1 p uravalailty aeN782987RANGE INSTRUMENTATION, WEAPONS SYSTEMS
20-091TETN AN ELTDTCNQ S

fAir minfimlrigt training ityuiteii !irr tlire squaidroln trainlrng ot prilots TESTI. AN7 D 3 E LAEDTCNIUE
ri4 ietrinuti1h tiriryslinrir providesv rinrlustric trarining in grtournd attack Mr 7 2I

Wit 511L1111d AGAtRJA(I-219 Suirpl. AGARI Deirairl-2 1 9-burilrll AvarlWithsrrrrrrnlrrtIrirls. crritriorit. aurd rrorketsn onl a rangue ot In Adivisory (Iruuilp for Anrospcirir Oncrtuirc firl( Dieveoipmenit. Parirm.
tactrical votltnts Withrout tire roatrintiursrrniinrraily imropsed by Fiar~iNT lsifn til
sarfety rnonrsrdernrorrns. sirortage of traininrg armnrnition. lack of FtnuNT.Casfu nji

availability ut i ve firing rairges. set Tire syslteri Ia self-corntainrad N OTI c: Aviiolo iniit)t U S Grrvurr rne tin Ago rnrisH
witrrin a satndartdi irodifiad ntroptairk (WASI-PODI. with the
Abrsoluter Iiurirriuri of rotmecarrical sltid electrical intuerfae s It A inlasaitierni ounplaleirnit fti AGAR0Durr ir 2 1 iu PIasrrtact
ii ovite lr l 11110iiirrnrtrs undiucativirr to fire mpilot of oins disitarnce Tire iwo pnprr t r we ru liteparauf at tiro scnbot of thlu Gulidarrnce

anrd diro(;runil. whrile tire iustl rimportanit lrarairlstals of thin action arid Control(0 Panrr u f0 A OAR -NAT0. Thre rainrim unclarsierfrie
are recorded oartlapin for s~ubsequerrt ploybUack end runslysill on AGAR~ogrirtri cntrairnsl 20 lipript oir wriulior syatunril. tmnitt
tire grouitnd equoipmentt Tire WAS[l is suitable for bssflat Iraining,.n iem.irti iora.rrr ra roiir n
refreisher training. as well as corntinuous realistic tactical treinting. fne.isrilnu li etfclt
A detailed description of thers ystenn Is given including some
aspects comncurruinrg tire futurri apprlicatioirs in tire training for the
cirair tiring arid dog tights. Author

N76-2.9314 Royal Netherlands Alr Pore., Tire Haguie
PROFICIENCY TRAINING OF PILOTS AND CONTROLLERS
PARTICIPATING IN RNLAF MISSIONS BY THE USE OF A
SIMULATOR
J Alwori If, AGARD Flight Srnnulatiorr/Guidanrce Systemns
Siurnrlationr Jun. 1976 4 p (Fort availability see N7f3.29287
20 09)

Simrultaerusra irulrinjir of pilots and imissionr controllers by
couplitng a grornrrr-iased aimrulator with a railer control center
is reported Titue flightr trainringj simulator is briefly dtescribedi Results
of pilt) tra~iningi aud mission contiroller simtulation era gtivent

JM.S.
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20 SPACECRAFT PROPULSION AND POWER

20 SPACECRAFT PROPULSION AND

Inoludies main propuliron i rVsems anid componenrts. e.g..
rocket unginea: and spaceicraft auxiliary power rources For4
related information Bee also 07 Aircraft Propulsion nod
Powar, 28 Propeol/anis indi Fuels. anti 44 Enrergyr Producriuii
and Coniversion

N75-24840# Advisory Group for Aerospace Research and
ij Development. Paris (France).

RADIATION COOUNO OF THRUST NOZZLES
JR. J. Bern1ard ([Parlis Univ.) and J. Ganot CONERA) Mar. 1975
St1 p refs
(1AGARO.AG-184; AGAR Dograph. 164) Avail: NTIS HC $4.75
CSCL 211

Various hest transfers by radiation occur on tire wall of a
propulsion system, and the calculation of such heal tranrsfers in
axlsymmietrical thrust nozzles Is presented. The functions for
exohanges between Isothermal tines on the surface of revolution
or plane cross-sections slightly Inclined to the parallel lines arae
also shown. Numerical results are given In the farm of univnroal
functions of the geometrical parametera for the meridian. The
diagrammatic configurations for fthe most usual type of nozzles,

* ~and the dilrectly usable values of the transfer functions are
quoted. Author

X77-72037 Advisory Group for Aerospace Research arid
Developmrent. Paris (France).
SMALL SOLID PROPELLANT ROCKETS FOR FIELD USE
Ca. 1976 156 p Meeting held at Potz.Wahn. Wenst Germany.
17-19 May 1976

V.IAGARD.CP-194.Suppll Avail Advisory Group for Aerospace
Research and Development. Paris. Fiaince

NATO- Confidential report
NOTICE: Available to U S Government Agancass

The papersarer divided into five seesionrs. requirirmenrts andr
systemns specificationrs. developmeant of emall rccker notors. thrrust
vectoring arid control, highr lerforniantcos) olid pruopllurrts.
qualification, tenting and environimenrtal effects Atithor

12B
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23 CHEMISTRY AND MATERIALS (GENERAL)

N75. 11249 Advisory Group for Aerospace Research and23 CHEMISTRY AND MATERIALS Development. Paris lFrance).
(GEN RAL)OXIDATION AND NOT CORROSION OF COMMERCIALy (GE ERAL)SUPERALLOYS

Inicludesit biochroeristry arnd organic chomirtrity Ir its High Temperature Corrosion of Aerospace Alloys Aug
1975 p 1 17.482 refs (For availability see N76*t11244 02-23)

A sumnaier of information air the oxidation arnd corrosion
N76-11244# Advisory Group for Aerospace Research anti of b2 commercial nickai arrd cobalt base superalloys is presented.
Developmentt, Parils (iarnce). 1 ha cornposition of each aiioy is given. The effects of tiria
HIGH TEMPERATURE CORROSION OIL AEROSPACE conibrrtion of various sulphur-containing fueis and sall spray
ALLOYS arn alloy r-,rtusiotr is examined The tosuits of weight arnaiyses
John F. Stringer (Liverpooi Univ i Aug 1975 607 p refs rand chemiciii analiyses of oxidlized alloys are given Ping-
(AGARlD-AG-200; AGAaoograph.200) Avail: NTIS tomicrogiaphs of noti corrosion on turbine bnlades Iir rslrown
HC $116115 Results of theriralj cycling lasts tire givenrr .1PT

Infornmation contained in various places in the technical
literature. In government and other similar reports, and Information
not ye) published was gathered for Inclusion in a comprehensive 1117111-11250 Adviuory Group for Actrospece Resecech and
publication. Summary Inforinatlot, is presented on oxidation Diveloprnent, Paris (France).
rates, diffusion, reaction kinetics, engineering Information on THE REFRACTORY METALS
practical alloys. end tests under simulated service conditions. In Its High Temperature Corrosion of Aerospace Alloys Aug.
Data air phase diagrams, diffusion information and thermodynaric 1975 p 463-602 refs (For availability see N76* 11244 02 -23)
information are included along with dats on superolloys and The oxidation rates of the refractory metals, tantalum.
refractory metals. For individual titles, see NIO-1 1245 through niobium, molybdenum, and tungsten are examined. The composi-'N76-11250. lion of alloys of these metals Is listed. The resistance of the

alloys to oxidation at dlifferenit temperatures. oxygen Pressures.
N76- 125 Adisoy Grup or Arosace eserch ndand time exposures is given. Weight changes, color changes,

Development. Paris (France). oside cstal thicknesses, airc some mechanical properties of the
BASIC DATA alloys are givenm. The oxirdation resistance of various alloy

rr In ts High Temperatrira Corrosion of Aerospace Alloys Aug combinations Is examined The physicel and chtemical properties
t975 p 1-26 rlef (For availability son N8-i1 1244 02-2391 of molybdates are listed. J.A.T

Data, listed In tabular form for metal oxides and spiriala, In
presented. Specifically covered in the datearer: i1l crystal

4 structure: (2) melting and boiling points; 13) equilibrium pressures
(ATM): (4) mechanical properties; (5) color deecriptions. and (8i
reaction kinetics. Also included is ph~se diagram Information fot
metal-oxygen systems, metal sulphur systems. and systems
Involving oxides, chloride%, and sulphates. J.P.T.

N7C-1124 Advisory Group for Aerospace Research and
Development, Paris (France).
PREDOMINANCE DIAGRAMS
In its High Temperature Corrosion of Aerospace Alloys Aug.
11976 p 27-36 refs (For avalaebility see N76-1 1244 02.23)

A number of predominance phase diagrams which show
thermochemical Information raidting to the stability of phases In

a convenient graphical repremsentation are presented. Solid and
liquid phases are assumed to be ait unit activity. Author

111741-111247 Advisory Group fo, Aerospace Research and
-. , ~.Development. Paris (Fronrta).

CONSTITUTION OF TPIE ATMOSPHERE IN THE GAS
TURBINE
bIj Its High Temperature Corrosion of Aerospace Alloys Aug.
1975 p 37-39 (For sun ilability see N76-11t244 02-23)

A typical marine diurnal fuel was burned in the turbine. The
S03/502 ratio as a function of the fuel-to-err ratio (FAR) Is
shown: the air inlet temperature to thine combustor was assumed
to be 600 F. The equilibrium flame tompereture, as a function
of the FAR, for air inlet temperatures of 400 to 600 F is shown.
The equilibrium composition cit the flame gas. as a function of
the FAR, Is given. Actual annlyses of the turbine exhasust Indicated
that the 503 content was much less than that expected. The
relative distribution of sulphur and sodium among their species

~r. 11w a function of temperature for the gas conditiorrs Is given.
J.R.T

P476-11248 Advisory Group for Aerospace Research end
Developmeont, Paris (France).
VAPOR PR.'SSUHE AND CONDENSATION OF SODIUM
SULIPHATIE
In its High Temperature Corrosion of Aerospace Alloys ref.
Iwor availability see N78-1 1244 02-23)

trhe corrosion deposits, of sodium sulphate that occur art
gas turbine metal alloy Paris were studied. The chem'icalt reactions
occurring during high temperature corrosion are examined, and
results are given for chemical analyzes of vorious alloy specimens
which were exposed to synthetic sen salt conncentratlonb Also
Included are diffusioni data for various alloy combinations end
the methods used to study high tomerirarture corrosion far each
alloy combination. The diffusing elements for different mintallic
oxides are also given. J.R.T.
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24 COMPOSITE MATERIALS

24 COMPOSITE MATERIALS and disadvantages of ti-situ composites via a via synthetic

Includes laminates composites and other advanced structural materials. Author

N76.1 1034# Advisory Group for Aerospace Research and N75-11031 Domes Univ.. Saint Martin d.Hares (France) Iab
Oevolopment, Paris (France). fie lhermodynamncusu et Physico.Chimie Mrstallurgilqums

SPECIALISTS MEETING ON DIRECTIONALLY SOLIDIFIED ORIENTATION SOLIDIFICATION OF SIPHASE COM-
IN-SITU COMPOSITES POSITES: CASE OF MULTI CONSITITUENT SYSTEMS,

E si. Thompson. ad. end P R Sahm. ad Aug 1974 1i 3 p LAMINAR ANDlPOINT DEFECTe HASEt ISOLIDIFICATION
refs Presented atfMof the compsitetare ompsiteStruct aad Mattr ORIENTctE DE COMPOaITE y BIPHASE: CA$ DuEl
Paerl. Washington. D. C. 23-24 Apr 1974 8YSTEMES MULTICONBTITUES, FAUTE5 LAMELLAIREE ET
(AGARD-CP 156) Avail NTIS HC$6 25 JOINTS DIE PHASES)

Directionally solidified in-situ outectlc sltay composites and Francip. Durand In AGARD Specialists Meeting on Oireotlonalll
their use in fabricating aircraft parts wret studied. Data cover Solidified In.Situ Composites Aug. 1974 p 41.55 rto[ In
microetructure, mechanial properties. and high temperature FRENCH (For availablility see N75.11034 02-24)
stabillity. Turbine blade design and fabrication and improvements An evaluation was made of the solidification of biphass
observed in engines constructed from tits composites are composites as a function of constituent alloys. and lrannliar faults

discussed. For individual titles, sac N75-1 1035 through N75- in relation to the structure in point phases. Date are included
11047. on theoretical ideas of equilibrium diagram limitations, solid

composition analysis. and instability of the solid/liquid wall,
N75-11035 General Electric Co. Cincinnati, Ohio. Observations made of different mutual orientations, dllocatlona,
REQUIREMENTS FOR AND CHARACTERISTICS DEMAND. and point orienletion are included. Transi. by E.H.W.
ID OF HIGH TEMPERATURE GAB TURBINE COMPO-
NENTS N76.1103i Michigan "technological Univ., Hoighton Dept
L. P. .iahnke and C. A. Bruch In AGARD Specialists Meeting of Metallurgioal Engineeling.
on Directlionally Solidified In-Situ Composites Aug. 1974 p CRYSTAL GROWTH METHODS FOR THE PRODUCTION
3-12 refs (For availability ses N75.11034 02-24) OF ALIGNED COMPOSITES

Composite structures consisting of high strength fibers or A. Hellowell In AGARD Speoalisls Meeting on Directlonally
plates in ductile matrices with outstanding high temperature Solidified In.Siltu Composites Aug. 1974 p 57.66 refs (For
properties are achievable in directionally solidified outectics. This availability see N75.11034 02-24)
now claov of materials represents a major Innovation in gas Reactions which are suitable for the production of aligned
turbine blade technology The advantages and limitations of the composite materials are listed and their applications briefly
two more promising eulectic systems and the rolationship of considered. The requirements of a growth technique and a
these propcrtles to turbine blade design Is discussed, Innovations product erw outlined as they affect thermal stability end control,
in design and further property Improvements will be required to directionality and perfection of atructure. composition and
successfully exploit these materials in ungine hardware. It is orientation control and problems of contaminatioi. The advantages
conclurled that the payoff offered by this technology fully justifies of various techniques are then discussed in terms of their useful
a major investment of resources to achieve a practiucl system. application to the control of different phase transformations.

Author Author

N78-11036 Toronto Univ. lOritarolo. Dept. of Merlatiurgy aitd N71.11040 TRW. Inc. Cleveland, Ohio.
FORMING USEFUL UIRECTIONALLY SOLIDIFIED COM-

Materials Science. POSITE SHAPES
THE STRUCTURE AND THERMAL STABILITY OF EUTEUTIC J. A. Alexander and L D Graham In AGARD Specialists
ALLOYS Meeting on Direutionally Solidified In-Situ Composites Aug. 1974
G3 C Weatherly hitAGARD Specalilsts Meeting on Directionally p 67-78 (For availability see N75.11034 02.24)
Solidified In-Situ Composites Aug. 1974 p 13-20 refs (For A selective review was conducted of available information
availability see N75-11034 02-24) roliting to the fabrioation of shapes from directionally solidified

The factors that control the as-grown morphology, crystal. conposites. The review is based upon Information contained in
lography and thermal stability of uni-direotionally solidified topenites in governmen con reports. tainadin
eutectic alloys are briefly reviewed. The crystallographic orientation of what was rapoited is augmented by discussions on what

relationships that are usually found In UDG alloys are considered
only in their bearing on the thermal btability problem. the stability might be done to fabricate shapes from directionally solidified
of rod morphologies and the possible coarsening mechanisms In corpualtes Art naterisiurnstudy was made of the mechanical

faulted and perfect arrays of parallel rods are discussed for tire properties of the composites, end the potential for pArforirance
extreme cases of diffusion and Interface-controlled reaotions. improverrent in engira constructed from lhe materials. Author
The coarsening mechanisms in samelhlr outectios are simpler
and are controlled by the faults grown-in during solidification.
Tihe roles of Inmeliar terminations. sub-grains and discontinuous
coarsening at migrating grain boundaries era considered. Finally, N75-111041 Deutsche Forachungs- ind Vsirsuchsanstalt fuer
the problems encountered in phase stebility of carbide reinforced Luft. und Reauinfahrt. Pore (West Germany).
nilkel based suporalloys during Iliat hot tensile deformation. are EUTECTIC PHASE EUUILIBRIA
reviewed. Author E. Blank Ih AGARD Specialists Meeting Diteclionally Solidified

In-Situ Composite, Aug. 1974 p 81.92 refs (For availability
N78-11037 Drexel Univ., Philadelphia. Pa. Dept of Metallurgy one N75-1 1034 02-24)
Engineering. Computational iard exparinnental paths to the determination
THE MECHANICAL METALLURGY OF DIRECTIONALLY of phase diagrams are discussed which are riot In comnlon use
SOLIDIFIED COMPOSITES: STRENGTHENING FUNDA. computer calculation, use of directional solldifluatlon, and use of
MENTALS, TENSILE, CREEP. FATIGUE AND TOUGHNESS diffusion techniques. Computer calculatlon of phase diagrarrs at
PROPERTIES present is confined to ternary systems. Although calculated phase
Alan Lawley In AGARD Specialists Meeting on Dhirictionally boundaries often agree well with experimental values, the influence
Solidified In-Situ Composites Aug. 1974 p 2 1-33 refs Sponsorod of the metallic solution models on the uclculated results Is not
by the Navy (For availability ace N75-11034 02-24) well understood Generally. thermochemicel data of the limiting

A fundamental basis for the Interpretation and prediction of binary systems era sufficient for the caloulation of the ternary
the mechanical behavior of in-situ composites is developed by diagram. Ternary phases cannot be predicted a priori. Usually.
coniderling possible strengthuning mechanisms and associated they are limited to lines of specific stolchuometry. To lower costs
models. Experinental property data and structural observations computation should be carried out by a few specialists. -
are than discussed In light of these mechanisms The general Experimentally, the influence of all alloying elements on the shape
features of tensile, creep, fatigue, and impact loading are of the liquidus and solidus surfaces may be allowed ior by a
characterized and behavior interpreted fronm the viewpoint of direclional solidification technique. Soma diffusion techniques
structure. Where possible, observed and predicted response of appropriate to solid state reactions are elucidated. Author
in-situ composites are compared. as is tho behavior of comparable
synthetic composites. The various structure-nmeohanical property N76-11042l National Aeronautics and Space Administration.
correlations allow for e rationalization of the major advantages Lewis Research Center, Cleveland. Ohio.
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24 COMPOSITE MATERIALS1-

V.,,DIRECTIONALLY SOLIDIFIED COMPOSITE SYSTEMS will need to be overcome before they are used in heavily-cooled
UNDER EVALUATION blades Author
Richrard L Ashbrook In AGARD Specialists Meeting on
Directionally Solidified ft -Situ Composites Aug. 1974 to93. 115 N75-11047 Advisory Group for Aerospacit Research and
refs (For availability usee N75.1 11034 02-24) Development. Parls iF'rence).

Various types of high temperature in-situ composites were MEETING SUMMARY AND OUTLOOK
reviewed srid attompts were made to determine which ones E. R Thompson, P Srrhm, and M. C. Flemings In its Specialists
offer the most potential for future development Some of the Mieeting Directionally Solidified In-Situ ComposIties Aug. 1974
systemns that Were Investigated acoording to the ductility of the p 165-166 (For availasbility so. N75-1 1034 02-24)
component phases were cartegorized Thre categories range tromn A sunimaryi is moads of the accomplishments, conclusions,
ductile-ductle to brittlle-rinttla Examples in each category are end problem areas encountered in the study of composites used
considered with apecial emphasis on systtenms which laok attractive in turbine blade construction The systems conaidered include
for tise in gee turbine enginies Data also Itouch or, irricroructitl~ur. the following families (1l Co.Cr7C3. 121 Co-TaC. (3) Ni/ NI3AI-TaC.
mecacinical properties, arid process probilems Author 141 Ni3AI. N13Cb EH W

N75,11043 Pratt and Whitney Aircraft, tast Hartford, Coon N75-13034# Advisory Group for Aerospace Research and
Materials Engineering and Posesetuft Lab. Developmentl, Parils (France)
THERMAL STANILITY OF DIRECTIONALLY-BOLIDIFIED AVIONIC SIADOME MATERIALS
COMPOBITER AI. H Cairy. ad. (Play Radar Eel.) Oct 1974 243 po trite
M. Gel) /it AGAND Specialists Meeting air Directionally Siolidified (AGAItD-AR-715 Avail NTIS HC $7.50

In-Stu CmpostesAug 974 11.124retI~o avalebiilyThu electrical. necancrartel. anid thermal properties of nmateriels
InSeeu Compsite A03 g 19412-24)4es(Faviablt are discussed tor the wall. core, finish. and coating for radomes,

Micoristructural and miechanical properly stability uinder These properties are presented for the following composite
static and cyclic temperature exposure are two Important materials. polyesters, epoxy resins, polymidee, silicone resins,

*requirements for turbine airfoil materials in advarnced gat turbine iaid pheinolic resirs. r.o.s
engines. Under thermal cycling conditions, significant miciost rue.
tural instability and mechanical property degradation was observed
itt a nunmber of TaC.rolpforood alloys, while the delta -reinforced NS 17 dioyGopfrArsaeRsac n
alloys have exhibited greater stability The physical and chemicai Development, Perle (Franoe).
properties of the eutectic promoting microstructural Irstability TECHNICAL EVALUATION REPORT ON AGARD SPECIAL.
and the fasting vvrlebles defining thre severity of the thernmalIS MENGO DRCTNAL SLDFED NIU
cycle are discussed Author CMOIE

E. Ri. Thompson lUtrited Aircraft Corp.. East Hartford, Coon.)
NISB11044 Liverpool Univ. (England). Dept. of Metallurgy Dec. 19AR74 Avil pTSH 32antd Materlals Science. (GH.R7lAal TSH 32

OXIDTIO, HT-CORO*ON ND POTETIO OFProceedings from this conference are reported as held to
ODIDACTION.LL SOTLCODROION ANDI PR LOTETON O review the state of the art, Identify gape and dlifficutltieis Itn present
JohISrECiOnALLY SOLIDI3IED EUpeciaits C AingoYSivllnI knowledge and progress, and Indicate approaches and goals for

JohnSirnge /n GAN SpciaistsMeeingon Drec~onllyfuture efforts. The present state of developments ait in-situj
Solidified lit-Situ Composites Aug 1974 p 13 1.140 refs (For composites is evaluated, and several recomritindatrons concern-
evailablity &am N75- 11034 02-24) log directions of work considered necessary in this tepidly

The high temiperature oxidation and corcoaloti behmvior of developing new field are presented. Increasing the temperature
directionaily solidified eutectic alloys are diecussed In general o ubn ne a narrf a ubn nie rmsst
terms, arid scuinue simple mnodiels are presented of possible a ubn ne a narrf a ubn nie rmsst
affects. iliustrationu of these effects in real situations are Improve engine purformance arid economiy, Dirertcionally solidified

eutectic alloys give Indication of achieving high temperatureshown Author strengths far exceeding thoss of the beet current superalloys
Author

N75- 11045 Office National d'Etudide st do Recoirerchee
Aersptoieilles, Paris (France). N75-236 ,U# Advisory Giroup for Aerospace Research end
PROSPECT OF r)IRECTIONALLY SOLIDIFIED EUTECTIC Devolor'isnt. Paris (Franca)
SUPE NALLOYS Srt%;IALISTS MEETING ON FAILURE MODES OF COM-
Herve Hibring In AGARD Specialists Meeting on Diroctionally POBITE MATERIALS WITH ORG0ANIC MATRICES AND
Solidified In-Situ Composierm Aug. 11974 p 141-IRS refit 1I THEIR CONSEQUENCES ON DESBIGN
FRENCH: ENGLISH Suirmnary (For avirleloility siea N75.t11034 Man. 1975 16l2 p refs In ENGLISH; partiy in FRENCH Presented
02-2 4)

An evaluation was made of the pcssibilities ofsered bytr ati o 39th Meeting of the Situct snti Mater Panel, Munich.
utilization of imore Iully developed high temperature DS corn- 13.19 Oct. 1974
posites am aircraft blade materials. Two families of these (AGAID-CP-163) Avail NTIS HC 56.215
materials are ernphrasizend. namely: the lameolatr iiitermetaliic Thu aerospace indusatry's coinvtait cearch for structurai
eutectics of the N13AI-Ni3Nb type recently broadened to the niriterials which otlasr advantages cut high strength. low denrsity.
quaternary composition systems Co/Ni3Ai.Ni3Nb with Cr high fatigue endcuirianc arid adaptability to thie intended funuction.
edditions, and the CUTAC family of rnuiticomponomi fibiri iq reported. Trhe undrerstariding of the faiiure rnecisnrisrr of sri
composites whose complex superelloy matrices are reinforcrid isuitropic irnateriel like a martat, wherern fracture Is eseantilaly a
by irisitu aligned moanocarbaido whiskers. When compared to tihe sirirla Irereirictar piobiern. i$ Still a rhitticult elubinrt. but the
beat prebent day supnirelicys, both these famnilies show an cuturnlitative analysis of tire failure of anisotropic composites, where
Impnortarnt gain in operational termperatures. Weak points, many parainetere are involved. becomnes Infinitely more conmplex
particularly noticeable In corns of those new materiels. such as Thue conference proceedings contains the test of twelve papers
lack of ductility poor corrosion resistance, end thermal cycling givin at the AGAFID Spvcialists Meeting organiizetd to consider
probierirs should be improved. Author the probileni. The latest developments in tlie sturdy of failure of

composite materials is coolsinord in these papers Iniciuded are
N75- 11040 National Gas Turbine Establishmniti. Pyaratock anaiyses of tirea failure nundes ot these materials unit presentationr
(Enigland). Materials Science Dept of methods to predict such failures Included also sin metthodol
COMPONENT DESIGN WITH DIRECTIONALLY SOLIDIFIED ogy arid equipmernt for studying failures of composite materials,

iiCOMPOSITES miethods of toiling composites to detect Incipienf failures, and
M. G Cockcroft and P H. Cowley In AGARD Specialists suggestioiia of design criteria for the LIsa of comiposires In order
Meeting on Direc-tionally Solidified In-Situ Composites Aug. 1974 t civ eeiedsg rcdr o itcursan
po 157-162 refs (For avasilability see N75- 11034 02-24) components constructed of fibeu-rerinforcisi composite mauteirialsn

Directiunaiiy solidified eutectic materials (in situ comnposites) For individual titles, see N75-23699 thnroughl N75-23710
are examined In general terms from the point of view of their
use inI turbine biades fiot aoer gee turbines. The special characteris-
tics that must be taken into account lit the design of blades aire N75-23889 Nottingham Univ (Engisindi. Dept of Miinchrsoucai
outlined iarid attention Is dorwn to areas where fur-ther information Engineering.
is required. It is concluded that the materials might readily be PR4EDICTION OF STATIC AND PATIGUE DAMAGE AND

Jused for urncooatd or lightly cooled btades but prodiuction problems CRACK PROPAGATION IN COMPOSITE MATERIALS
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M J. Owen and P T Bishop Iic AGARD Specialists Meeting Failure Modes of Comsporsite Mater With Ortganic Matrices anti
on Fatimar Modes of Composite Motor With Organiic Matrices Their Conouirsntueiic on Designi Mar 11976 20 p) riris Ili
and Their Consequences on Design Mar 1975 12 p rofs FRENCH (Fot availability %tea N75-23698 16 241
(For availability see N75i.23898 115-241 Tile use ofl tritheirraticil tfrinorre. toi study pilastic propeirties.

I> Finite eleimeint sitres% ainalysis wes used to predict the stresses utn it clituria. stirll ant netropir yieldi III Ilann coimp~osites was
around a hole Ili finite width plates fabricated front various rexamntedl 7 f anal by E H W
glass-fiber reinfocrced plnastics The results were used tro piedlict
the initiation of danrage at horles un der stat ic a rid fatigue N5273 Drerek iib-.Fiehcuae Woloading anid showed that they act as almost hilly effective effress Germanyr)erWiki ninH rittcsi~irr Ws
concentrators This apvroach leaves a riumrrer ofii rrrnrrtarr einry

prolersuriiclvrtFirtl. ocaurreniteral ter aprirstoPRACTICAL FINITE ELEMENT METHOD OF FAILURE
be a suibstarntial adverse sior Ofatil Secncrdly. Ili tire life range PREDICTION FOR COMPOSITE MATERIAL STRUCTURES
fromrn 1.1300 to 1 milliont cycles tire fatigue cuiver is nearly straight I. Hente aunt S Ruth It, AGA RD Siscrrarl lsth Mooting onn
end attempts to extrapolate to long tives leand to the prediction Faeiure Codsequce oof Crrponl Mater. 7 Wi1 Or 1ri Mefr~it (Frr
of iaro saft stress amplitudie ait finite lives- Thirdly. tite ohNet of Thelbiir y C tneuirss N rt - e3ign Mar 2 1 97 1pr~(u
trenavarrse fiber damrage is oiften art urnaccjeptably Severe criterion.aililt eN736B124

Pei iaywork air two of the anP mtaterials hasl shown that A dimensiouniing piocredrlie fot anitiorropic litructirres with the
size Affect% can be represented throrugh a fracture toughness same resources already timed to calculate arid oreasure isotropic

apprachandtheproblems o xrplto ologlvsadarcue seaie 1oaalbemaso ucito n
daaetoletairce cart be dloalt with by means of a creack growith measuirements are the faititor element ovethod and thin strain stall

oo 1) ae n sitreas Intensity factor range Atithor technirque Tire niecesnsarv Inrput data fot the finite elumrrrr sIethuit

layers, charactaillett by tile elastic coirstanti, arid fitian angle. iii
N75.370 Wasirrtr~ Uni.. t Lnla.Mc.the whole laminate The output of the used fintrel element program
N75-2700 ashigtonUniv. St oul Mo.aire u sh tresseus imeachrainei tr ofilmpe whles specimnst rhoanFAILURE CRITERIA TO FRACTURE MODE ANALYSIS OF aete~ree t ahlrtr fft iou ritaai n
COMPSITELAMIAT&Sstructure These ettesees are corrpared iii a fatilure uriteria with

Mode ofComosit Meal ith rgaic atrces ridTher coparsonof c~cuutin ate tsts of aeveral differetit specimensm.

CnoluosaDeinMr1951preit (For availability tising the procedure describned. are presented Author

Quantitative understainding oft the Iraroamtets which control iFrance)
cromposite fraciture is imperative to tirt implemoiriation of fall INFLUENCE OF FABRICATION PARAMETERG ON THE
safe desingn and anspectiorn of critical toad treeing vtruturiotirs. RUPTURE OF GLASS FIBER REINFORCED PLASTICS
For Isotropic mraterials. fracture is essentially conitrolled by a IINFLUENCE DES PARAMETRES DE FABRICATION SUR
slirglo parameter, a U.lb the 1t11Are tuuglinerss or the stress internsity LA RUPTURE DES PLASTIQUES REINFORCES PAR DES
factor. This ott. ditmensiorral nature leads itself to exe~iiniaerttl FIBRES 0E VERREJ
cluentificetloir However, Irir aritiotropic cormposites there are at J Pabiot cit AGARD 61tcaclalits Meeting oir Faiiure Modes of
least seven ptairrary conrtroltinrg parameters. ItI crack length; (2) Coirpijelle Mater. With Organic Matricesi and Their Cronvaltencimce
crack otrientatiorn with resetrct to materiel axsi of anisottropy. (3)1 on Design Mar. 1975 t11 p riels lit FRENCH (Fur availabhility
nature of applied combinied Stresses, W4 lamination geomentry. usea N75-23698 15-24)
(5) deformational and strength responses of the conmstituent amnine, A qiualitative arrd cqirntrative atralysis was to ads of tile
16) three kinematically admissible mades of crack aetensiorn arid crarcostiopilc rmature merchanisms Ini glass fitber epoxy compttosites
(7) crack trajectory. Because of this large numobet of parameters, Mas~uiemetits were imade of rupture cturorsctnlstrcri udririe tensile~rf experimental quantificationi by systematic permuitation of lhe end bending stress in tIle* othot topic direction.
parameters must be realistically viewed as intractable This paper Trantre. by E1.H.W.
presents en analytical method at reducinig these paramreters fromi
seven to two arid farriafras expelrtimetatrl observations which lend
support to the theoretical nrodrtl Author N75-23705 Techniache Univ., Berlin (Woot Germany).

STRESS AND STRENGTH ANALYSIS OF REINFORCED
PLASTIC WITH HOLES, CIONSEQUENCES ON 0E5IGN

N75.23701 Deutsche Forschiangs. urid Vrreilsucriastalt four J. Wiedemann. H. Grnes. and M. Glahn In AGARD Specialists
Luff. und Raumfeirrt. Stuttgart lWest Germnary) Meeting on Failure Modes of Composite Moter. With Organic
AN EXPERIMENTAL STUDY TO DETERMINE FAILURE Matrices end Their Conseqilences art Design Mar. 1975 it p
ENVELOPE OF COMPOSITE MATERIALS WITH TUBULAR refs IFor availability asea N75-23698 16-24)
SPECIMENS UNDER COMBINED LOADS AND COMPAR. Composites with cutouts %trainr distributions In biasial
ISON BETWEEN SEVERAL CLASSICAL CRITERIA reinforced speclimens ýwera measured and calcuiated according
U Huettet. H Sciralling. and H Kituss Ini AGARD Specialists to the elastic theory. The tarngerntial stress at thre edge was
Meeting on, Failure Modes of Corrposite Muter Witfi Organic: comrpared with the orthotnopic strength of the material. Thus
Matr ces and Their Consrrrttierres ol Dresigni Mar 1975h 11 It failure position andi ulttimate toad could be estimated. To improve
refs foar availability sea N75-2309S I15.24) strength. various possib~ltlatle aer proposed- around ioles, the

For conventional isotropic itratarials failure hrypotheses are woven reinforcement can be widened without cutting fibers,
known. whirhr yield compsratiurr failure Stresses ton corrbined medium sited holes can tine reinsforced by patches, large cutouts
load conditions. Stich failkire hypoilthinss may be dearnibcd in should be shaped in a neutializing way and stiffened by
threecdimensimonat failure envelopes, troth. axparimentofally and ravings. If patches are eppied. failure occurs at the hole or in
analytically For fihier-rermlorced conmposites. withr the ceaiantd front of the patch or by delenrinating Patches with alliptic"lF'leyeiwise ortirotropy of ulistical and mechanical propterties. at shape prove edvantageous for unidirectional loading accordingnumber of analytical etiproachee to failure hypotheses are knrownr to thcoretical end empirical investigations In cote of blaiclt
to order to determnite threse failure eitvelopes of fiber rerinforceri lading. a round selutralinirig patch can be recommrjnded. With
rnatifrriall espeNMIrtsntally. a testitilg eluiprrrernt WAS sat rip Using respect to this cvesa calculations were mede for it.otropic and
tubular Specimens it woet tuisslitl to Find alit the critical failure orthatroplo materials. Also shear stiffness and stress of the
limits under ig&mriral irrurlene stress Thais report rdescribues tire adhesive are considered. Author
installations reqluired. the testing schtedule, manufacturing arid
structural design of tire specimntrrs as welt as the resuilts foutind N75-22706 Royal Aircraft Ekitublisirment. Feinborough (Englaind).
by ealsirelve seittes of estoraimerirs. Tttese results are comrparedi Strengths end Fracture Section,
withi theoretical values of failure hypothosen available. Aurthor' RCUEBHVORADRSDA TEGHO

CARBON FIBRE COMPOSITEIS SUNIJECTED TO IMPACT
N75-23702 truititut Sirperleur cles Matsrriaull at do io Constructiorr LOADS
Mecanique, Saint.Outin (Frarnce) Lain do Rhooloilti G. ontry lit AGARD Specialists Meeting on Familure Models of
INELASTIC BEHAVIOUR OF COMPOSITES IPLABTIC Composite Mater With Organic Matrices and Their Consequences
PREDICTION BY LIMIT ANALYSIS)I[ETUDES CRITIQUES on Design Mar. 1975 12 p mref (For availability see N75-23098
DE DIVERS CRITERES DE PLASTICITE APPLICABLES AUX 15-24)
MATERIAUX COMPOSITIES1 Carbon fiber reinforced plastic ICFRP) has properties such
D Lanizerhy and T Vilirt irt AGARD Specialists Meetring ort as high specific strength arid stiffness which are attractive for
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aerospace applications However, it can be susceptible to impact
damage at relatively low incident energies Brittle fibers in a N75-23710 McDonnelli-Douglas Astronautics Co. Huntington

brittle matrix can bbsorb appreciable smounit of energy only by Boach, Calif
fracture processes This paper describes a variety of such fracture CONSIDERATION OF FAILURE MODES IN THE DESIGN
processes by which CFRP laminates can fail under impact OF COMPrOSicvITE ST ARUCURSpeilssMeigo alr
conditions Which failure mode occurs in a particular situation 1.o.dGes l Cmoite MotAr. SpWitOralist Matrings end Their
isdiscussed In termnt of material properties, component geometryMoeofCmoieMtrWthOanc arceadThr

and the kind of loading Of particular Interest to the designer Cosee une N on29 16.24) 97 4 es Fr viablt
are residual strengths and stiflnessesn other impact end typical seN52681-4

-s are illustrated for CFIP laminates subjected to dropwoight lContracts NOD0l 9-72.C-022 1. NOf 9-73-C0405)
and bail gun Impact. from subcritical energies up to complete Pertinent equations are presented for predicting, from thin

j) penetration. Material moditicatioins, airmed at minimrirrng certain properties of constituents and composite microstructurri. the

types of impact dasmage are described arrd exanmples given. such strength of unridirectionali composites asubjecteid to tensile

as hybrid composites and moidified fiber arrangements. which compressive. and shear loading in the fiber and transvrerse
shw rois o iprve Ipat esstnc.Author directions, the aleter being normal to tho fiber axis. Influence of

showproise f iproed ipac resstace.fiber and matrix properties, voids, and ineffective or unbonded
fibers on the strength and failure modes of compoithes aer

N75-23707 iIT Research Inst., Chicago. Ill. Stress Analysis discussed. Typical examrples are given on the application of results
Section. to the design of composite laminates and structures inciuding

OPTICAL MEITHODS FOR TESTING COMPOSITE MATERI- sensitivity of properties of multilaoyer. multidlrectional compositesl
AL$ to the aforementioned failure modes; reshaping of cutout
i. M. Daniel In AGARD Specialists Meeting on Failure Modes shapes in composite plaites to minfi-its the dependence of the
of Composite Meter. With Organic Matrices end Their Conses. piate's strength on a given material strength pararmeter; use of
quenies& on Design Mar. 1975 20 p refs (For availability see hybrid multiphisasa composites to improve strength properties and
N75-23698 15.24) performance; and use of composite -reinforced moteis far buckling

Optical stress analysis techniques and their application to critical applications and others Author
the studly of deformation and fracture of composite materiasi
aer described arnd discussed. These include photoelastic coatings. N76-17~212# Advisory Group for Aerospace Research and
moire grids, holographic interlatometry and liquid crystals
Photoolastic coatings are used to determine full -field surface strain Deveiopment. Paris lFrance).
distributions, strain concentrations around creacks and other FAILURE MODES OF COMPOSITE MATERIALS WITH
discontinuities, and initiation, mode and propagation of fracture. ORGANIC MATRICES AND THEIR CONSEQUENCES ON
Moire techniques yield fuil-fieid displacement and strain distribu. DESIGN
tions. They have been applied to the detection ot crack propagation 0. C. Leornand (Soc. Nefi Ind. Asiospetiosl. Lea Mureauxl Oct.
and Its associated failure modes, the determination of strain 1975 a p
concentrations and the study of the interiaminer sheer edge effect. (AGARD-AR-86i Avail NTIS
The sensitivity of the method can be greatly enhanced by using Theoretical and etporiiienlal data on fracture mechanisms
fringe multiplication technIqu~es. Htoiographic Interforometry Is most of uOmPositlt materilas with organic matrices are reported srong
suitable for determining oul-of-plsne dleformationsi. It is particulaily With practical avoidanceo mrethodn for designers. Datte cover the
usefui In the study of fissure of plaites, modes and amplitudes following areas- propagation of cracks in composites. behavior

of vbraion an falur mces esuiingin ut~f~panedefrmsof ply reinforced fabric,. and behavior of assaembly~plies. lemperra.
lions, such as delaminations The high suenstivity of liquid crystalstueadesgefetadtsteip ntreiodiusd
to heet and their property of emitting visihia radiation make Author
them suitabla for detecting local deismninatlons and fatigue
fractures, All these techniques have different advantages and N76-19236# Advisory Group for Aerospace Research end
liniitations. The selection of any one or more of these depends Development. Paris Prnce1101).
on each particular application. Author 0ESIGN Oll S1TRUCTURES IN COMPOSITO MATERIALS

INASIC DATA AND INTERDISCIPLINARY ACTION)
NIN-23704 Commissariat a Illinergie Atomnique, Toulouse Jon 1975 23 p rats
(Francs). iAGARD-R-639. ISHN-9. 835-0152-7) Avaii. NTiS
POSSIBLE UTILIZATION OF ELECTRON SCAN Mi- HC $3.50
CROSCOPE FOR THE STUDY OF COMPOSITE MATERIALS Quality control in the manufacturing of composite mnateriasi
WITH ORGANIC MATRIX IPOSSIII81LIT11ES1 D'UTILISATION for use in aircraft atruictures Is discussed. Also discussed aue
DU MICROSCOPE ELECTRONIQUE A SALAYGE POUR Interdiscipiinary approaches far nmaterials end deosign enginaess
L'ETUDE DES MATERIAUX COMPOSITES A MATRICE in the development of advanced comiposites For individual litlies.
ORGANIQUE) see N76-192315 through N76t.19237
J. Auyunet and J. Rouchon In AGARO Specialists Meeting on
Failiure Modes of Composite Mater. With Organic Matrices an N76-t9236 British Aircraft Carp., Warton lEngland).
Their Consequences on Desigir Mar. 1975 6 p refs Iii GENERATION OF COMPOSITE MATERIAL DATA FOR
FRENCH (For avaiiabiiity see N75-23598 15-24) DESIGN

The use of a scanning electron microscope to study rupture I C Taig fit AGARD Design of Striicl. irr Cuniposite Mator
If, metal matixs composites was discussed. Partic~ular attention (Basic Data snd lrrtordlicipiinary Action) Jaii 1976 p) 1.7
was gjiven to evaluating thie quality of composite Impregnation (For availability sea NIS-19235 10.24)
utnder vacuum und fiber-motric Interfaces. Trhe possibility of Quality control iii the manufacturing of fiber conmposites
qualitative examining fiber corrosion In aged composites wab [laminates) used in aircraft construction is dliscuessed Speifoiically
discussed along with surface damaeg. Transi. by E.H W considered is the availability of technical information on the

mechanical and thermal prroperties of laminates The availability
of this inrfonrmation is presented lit tabular form A rating scale

N75-23709 Meassersh mitt -0osikow G in b.H . Ottobrunir (West (letteredt A to El serves as. a key to the tables anid indlicates
Gernmany). 0ither extensive techirical iirfoiniatioir1 lin. irittet Al or mnrinirrul

DESIGN OF COMPOSITE STRUCTURE WITH RESPECT TO technuicial Infoirmiation, lie., letite El EXjOaSirr of laminiiates to

AVOID CRACK PROPAGATION tho manufaructurnirg environmenit Ic g humidity. solvenitel is also
K Brunsche Ini AGARO Specialists Mbetini) ort Failure Modes contsirleied It is pri)poseni tiatr thu buurrlemsniliu requtuiremrrei that
of Composite Mater. With Organic Matrices and Their Conte. every primary comnposilte hiae its own developmnernt lirograinii rnn
nuances on Design Mar 1975 9 p ref (For availability sari ho elimninated if coinponients aris built [it ntanclardilect way% fromn
N75-23698 16-241 a finite famil11Y Of iaYUPS irairrg 1roVinuivi1Y nlRtVOlDPer Ntruuctiiril

Within the rmanifoald of conupoalte structures developed, rotary elemenits J HIl
wings rer the best known components Several types of comrposite
rolorbiadee hava bean developed, tasted, end produced. The N76-19237 Grummnnir Aerospacei Corp . Bethpagir. N.Y
experierice with fatigue tesling many GFP, CFP end mixed modulus COMPOSITE MATERIALS DESIGN FROM A MATE RIALS
coupons arrd full scale blade suctionts is used to mak, some AND DESIGN PERSPECTIVE
design recorrmnendation how crack propagation might be avoided A August. R Hadcock. arid S Dastlir hI AGAIID Desrlugr of
Respect is given to both influence of fabrication and Influence Struct in Cruimposite Mater ilirsuc Data arid Innterdisciplinary
of environment. For soriie cases deformation limits up to which Actroni Jan. 1976 p 9.19 refs. Wor availability see N713.192313
no damnage propagation occurs are given. Author 10-24)
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The aerospace industry in the United States has made
significant strides in the development of advanced composite
technology, for primary as well as for secondary structural
applications This technology has advanced to the point whete
the teasibility of using these molteials is no longer questioned
Unfortunately. applicartions which can reap the benefits ot the
technology have not developed as fast as they should, since
improvements in technical ( know-how) education, and experience
are required in a niurmiber of aroea One such armS is tili interface
between the designI engineer and the malterlals engineer. The
signific•nicine of the design enuinesFring/mollteriele engineering
interface in the development of advanced structures is examined.
To achieve a smooth-working design/materials interface.
long-term emphasis in three specific areas is suggested: (1l
education (an ltia industrial level and also book to the colleges
and universitlle). 12) interdisciplinary development of advanced
composites. and (3) development of composites tlat standards

Author

N7@.23367# Advisory Group for Asrospeui Research and
Development, Parisl (France)
FATIGUE IN COMPOSITE MATERIALS
K L. Raifenider (Vii. Polytechnic Inst and ,State Unlv) Feb
1976 28 p refs
(,AARD-RM-38) Ayail. NTIS HC $4.00

A general overview of tftigue ,•it Uunpnrilet ntaterials is
presented from thi stantlciiit ut himu cii•itrecieritrlluic iud
*concepts. especially in the contest of fatiguie thaviO,' of mrotl
familialr mitlinls Author
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25 INORGANIC AND PHYSICAL CHEMISTRY

25 INORGANIC AND PHYSICAL
CHEMISTRY

Includes churrilcal onslypiis, oil . hromatography. combustion
theory. electrochemistry. Stif photochemistry For totlted
informrnatiom see 11150 77 Ttnermrodytiainics and StatisticalI

N76-1I8262# Ailvisury Giou I i wnIii Amot i,tuico Rosuic aiO n d ni
Dovulupmnuit. raro (Fraticnsl

KINETIC ENERGY OF TURNULINCE IN FLAMES
K. N C. Stay 1975 2 1 1 rats Rapt train AGARD Cantf
Proc 164. Anal arid Numerical Methods tot Invest of Flow
Pllais with Chom Attentionrs, earipsially relateid to Coinrbiit .May

WIARD-CP.¶84.Papar-lI*2l Avail NTIS HC 5350
rho axial eqluations ofl turbulent. chemically reacting flow

were usad, togather with an ordei of matgnuitudea analysis, to
1' ~dative ain approximate form of it.e imnbalancre kinetic energy

balaince equation for promniied. twodlhinearsiondl, turbulent Hlamas

at low Mach number and high I'layruoltis numiber Plausible clotureI, hypothesis% wera then introducaed, inn order to obtain ant aquation
which radijass t0 a familiar formn of thre turbulence kinnetic
energy equation. ]in tiles vass of ttunrtrctliig flow of cunstant
danitaly Additional terms, relatedi tot haul relents. ant- mamss
transiport, become Imuportant in turbulent flanures Expneriirtotlly

obniervad efftats of turbulernce on a variety nof turbulent tuane

configurationrs are diennusiect in taints of this nrquiiliot Authrnir
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26 MEALLI MATE IALSDEiGIN OF ALUMINUM ALLOYS FOR HIG0H TOUGHNESS
26 MET LLICMATE IALSAND HIGH FATIGUE STRENGTH

Includes physical, chemical, and metchanicaci properties J G, Kaufmnii In AGARD Specialists Meeting orn Alloy Designi
of metals. e.g., corrosion,. and metallurgy for Fatigue andI Fracture Plesistance Jan 1976 26 p iefs

IFor availability srea N73 19288 10-28)
Flirt bWow coirciptii snipiloyari in designing fracture- resistant

N7#.17226# Advieory Group for Aerospace Research anid fitiliiiiiiill111Yii aill) 10viWgld. arid specific 4koamples of the
Development. Paris (France) aipp licat ion ut I liii m conceptis are preseirted in detail The
MANUAL ON FATIGUE OF STRUCTURES. VOLUME 2: ioporlairce ofi coirleloalioui of strenigtth anti stroscorrosion
CAUSES AND PREVENTION OF STRUCTURAl, DAMAGE. ririitairen Iii additiioni to tougfirrsis arid fatigue strength It
CHAPTER 4: FRETTING: CORROSION DAMAGE IN iiiiphaiiieid. andl it ii. iolintoir out tliat mnoml successful applications
ALUMINIUM ALLOYS ot alloy iftiiittui~liil icinuun have been iii the areas ot toughness
William 0G Serrois Nov. 1975 59 P reat in l hiii cr ioiiir smalice. with little ciommrercial success
IAGAND.MAN.9.Vol.2) Avail- NTIS HC 60.00i h ra ffttu The roles of interlaces end of various

The question of damage due to fatigue, frotting, corrosion. sas sttd typas of partIclets in Initiating and propagating crecks
and atreaa corrosion is discussed In detail. The causes of failure Is airtiiedai h tp eesryt oto h u

are outfinsed, along with the characteristics of electrochemical spacing of Irnsoluble constituents and prowepialos as well as the
corrosion. Prevention of end protection against stress corrosion Oreani morphologly aer discussed Outstianding easmples of the
and @leot rochernicel corrosion were intvestigated For Individual applicationi of miciostructural conrrtol art alumiinunm alloys 2048,
titlles, see N78-17227 through N76-1722111 2124. 24`119. 7050 and 7475. and the specific approaches to

their development as well as dots illustrating the commercial

Development, Paris jFrencel. available in the toughness regime. while 7050 provides the best
OUTLINE OF THE CAUSES OF FAILURE combination of strength. toughness end streass-corrosion rslteelateno

In Its Menus) on Fatigue of Struct.. Vol. 2. Chapter 6 Nov. of the commiercial alloys. Author
11976 p 1.25 (For eveilebility see N76- 17226 05-26)

The causes of felure are discussed; these include surface N78.11271 Royal Aitrcrft Establisthment. Feinborough (England).
damage and low temperature brittleness. Remedies against wear, Materials Dept"seiura. galling and fretting are presented along with the effects ME'TALLURGICAL ASPECTS OF FATIGUE AND FRACTURE
of fatigue. ailoying elerments, httieettiristment and eDsing on low IN TITANIUM ALLOYS
temperature brittleness. M.J.S C A Stubbinglon Iii AGAND Specrialists Meeting on Alloy

Design for Fatigue find Fracture Resistance Jain. 19763 19 p
N76-1t23t$ Advisory Group for Aerospace Research and iasf (For availability onea N76-111268 t0O26)
Developrient, Paris ifirence). The basic features ot oiphe-baet titanium alloys which result
ELUCTROCHI4MICAL CORROSION in p)roperty enisotropy are the elastic and plastic anlelropy of
In ita Manuel on Fatigue of Struct.. Vol 2. Chapter 8 Nov the hexsagonai alpha phase. and the sensitivity of their microstruc.
1975 p 25.50 WFar availablitfy aee N76.17225 06-26) lure% tn thatimomerhtanic *I prouessint~. Mechanisms of fatigue

The theory of chemical corrosion was investigated in detail crinek initiatiorn and microstructuisi requirements for resistance
along with actual corrosion, protection against corrosion, end tor initietion are discussed. The effect of crystallography on fatigue
action against corrosion 11111119. crack growth is described, and the apparent conflict in miciositruc

total requiremrents for resistance to fatigue crack inritiationr and
N 76-17229 Advisory Group for Aerospace Research and resIstance to fatigue crack growth Is Indicated. It Is concluded
Development, Paris (France), iliat iii future work, microlitructure end texture should be

NT1ES CORROSION OF ALUMINUM ALLOYS cjonsidered simultaneously Iin tolatron to fatigue properties, iether
In itsVi Manual ont Fatigue of Struct.. Vol. 2, Chapter S Nov. lien separately, as has largely been the case@ hitherto This
1575 p 50071 refs Paor availability see N76-17226 05-25) relationships between mlicrastructure. ninastiltial content end

Intergranulur corrosion and stress corrosion aracking were toughnoss ir titaniurm alloys lte discussed, andI the importance
btudied along with cracking mechanisms In alumlnurn alloys end of crystal ioyrap~hy is hirghlighted Itlle suggesteid that optimiration
data and aests reslating to thos* alloys Progress In stress corrosion arnd control of micrustrurture. Interstitial content, end texture
tasting is reported, and ways of preventting stresas corrosion will be repuired for maximum toughness. and fur mnaximum
crocking are included M.J.S. resistance to stress corrosion arid sustained ioad cracking Iit

alpha-bets alloys It is aivo suggested that the approach o tilia
N76-19261fi Advisory Group for Aerospace Research and txueprmtrcudete et adniei yha
Development. Paris (Francis)e ttreatineit. or to control it and take advantage of thre tough
SPECIALISTS MEETING ON ALLOY DESIGN FOR FATIGUE cirientatrori Masimum dirsctioinal tougirriess will be otilitired
AND FRACTURE RESISTANCE by a comrbirnation of ricretortucirirai uiitirnizatior arid textural
Jan 11976 1701 p refs lit ENGLISH partly in FRENCH Presented toughreninig Author
at 40th Meeting of Struct and Motor Patnel. Brussels, 13. tg
Apti 1975 N 97 okelitrainlCr.Tosn ab ai
(AGARD. CIP 105. ISRN-92-835-0t 51 91 Avart NTiS S7tneCetrCirr6-oiv1i Ja~ ai
HC N7.527 7o5wl Intuniratintrr

The conforsreict crinnitering tire miocrostructure of aarospsce THE EFFECTS OF MICROSTRUCTURE ON THE FATIGUE

alosarid the sassociated effects oil fatigue anti fracture resistance AND FRACTURE OF COMMERCIAL TITANIUM ALLOYS
is reported Aluminrumr. titanium, anti ferrous alloys weres N E Patonr. J C Williams. J C Chasnuiuf. antd A W Thomprison
connictirted For indilvidiual titles. seeo NL7Er19269 through fIn AGARlD Specialists Meeting on Alloy Design ltr Fatigue
N7111 192.14 arid Fracture Resistance Jan 1976 14 p aelit (For availability[ sees N76-19268 M0261

The metallurgy, of commercial alpha , beta tit1anium alloysN76-19269 McMaster Lilriv, H -amiltonr (Ontatial Dept. of permits a great variety of ntrcrostructures to be obtained
Metailurgy Stitl Materials Science Equivalent strength levels can trepuently be obtairredIl i a given
BASIC MICROSTRUCTURAL ASPECTS OF ALUMINUM alloy with several different mic oat ruct ures, mnaking it possibbla
ALLOYS AND THEIR INFLUENCE ON FRACTURE BEHAV- to optuimum properties other than atrairgth and mrodulus by
IOUR rmanipulatiorn of microtruSLCture The effect is discusser. of
J 0 Erribury lIi ACIARD Specialists Meeting on Alloy Design microstructure ott fatigue and fracture behavior of two commercial
for Fatigue arit Fracture Resistance Jan 1975 13 p rafs Ti alloys. Ti.SAI.41V end Tir6AI-2Sn-4Zr5Mcr Emphasis .% placed
spoiisurerl in tarat ijy Nail Hall Council arid Defence Heal. Board on fatigue crack growth rate land corrosion fatiguie) properties.
(For availability see N76-`19268 10 281 arid on fracture toughness. Tile Infiuurtrce of rriclostructufe oir

Factors which ileterroirrr the scale and dfistributiorr of secondary properties such an stroes corrusioir cracking is included
tprecipitate trarliciea iii alumintrum alloys and their effects on yield where appropriate In order to illustratle principles important to
strength are disciirhred Tire influence of cosine intermetallics oin alloy design concepts. reference is matte to work oii itia effects
fracture. aidn inisfginnular fracture are Aanlyzud in terms of %train of rnectostructure anid minor element additions 1H suit 0) to
haerdenring F 0 IS single-phase model Ti atloys Auithoir

N7E 19270 Auiirrrcnum Co of Ariereica. Alcoa Center Ps N7S.19273 California Ujniv . IlarkaiuV Lawrence Bnrikelay Labr
Engineering Properties arid Testing Div Irrorganic Materials Research Div
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FUNDAMENTAL CONSIDERATIONS IN THE DESIGN OF engineers. designers, and users. The cost of corrosion should be
FERROUS ALLOYS fltatamined by looking at a complete life cycle of a total system.
Victor F Zackisy fir AIIAHD Spuroialisigt Meeting on Alloy Doirruir Aircraft are subject to practically every type of corrosion
fori FistiOLI arid 1`rai1turrr ROKiN14irCs Jim 1976 20 1p in

t
, pilting. iirtertilrnular, fatigue, ltfetre-scot roaion cracking, crevice.

Spoinsored iii port by ERDA. ONHM. AFML arid Armiy Mater aidir bacterial. omrnititilement. fretting. galvanic, etc Easy access for
Muchi Ras Ceniter (rot availabiiity aote N76. 19268 10-28) in situ inspectionn should be a prime factor in airoralt design.

Ilia slatirsints of defect structure arid in rcnorhiruciirr ir Y.J A
uiitiatjlug at ierpth steals thrt infliusnce the plurre %rainieliactrriurr
ware Litudied with urirphorirs ur tire rrumenrillrng Inirire fit heak N76-33334 Techrrrsche Hogeschrcol. Delft lNotheririndul

ý:ltiiilreiturn Tie ustnirrtioiring tsrnrpmraurrrh etlari,.. arid ilira liictunil CORROSION THEORY AND PRACTICE
igrrntrrphii of uquenrchred arid temnpured sisal. tirie dismissed along W A Schrultza /ir ACIARD The Theory. Sigrnificanrce and Prevernt

with curbo froni (ril ii tNe alloys F 0 S cit Corrosion irr Aircraft Sep. 197* 19I p ret,. ((For avuilatirlityo
sup N76 33332 24 26)

N 76. 19274 A dvrisory (3r urnp Iot Aerosrnrire Ritsrearrh ind A rr:irinbsr of basric cncorreptsa arid definitiiions reluird to cor rosioin
Davelupnirint. Pairs (Franrc*). were lus reiwd, such o iiietailic corrosion, electrolytic
MECHANICAL PARAMETERS (FATIGUE AND TOUGH. coriusion. electrochemioal reaction. electrode rieoctioni- The
NEGRI OF CERITAIN VERY HIGH STRENGTH STEEALALLOVS ihermodynairrcal concept of the equilibrium electrode potential
ICARACTERIUTIQUEB D13EMIPLOI (FATIGUE ET TENACITE) was then Introduced and applied to tire various types of alanutrode
0E GUELQUES ACIERS A TRES HAUTE RESISTANCEI reactioins that could occur between metal and environment. The
P Rurtbbe anti C. Amainlag Irr Its Specialists Meeting on Alloy krinetic concepta of polairitation and oaerpotentlal are treated anid
Design tor Fatigue anti Fracture Resistance Jon 1976 9 11 applied to the study of the rate of the ieactions that are irnvolved
ruts Ini FRENCH4 (For anueilaliltity sea W?6.192116 10-26) in corrosion processes. This lis followed by at discussion tif the

lnviematigatlis wore carried out on the following subjects mixed potential theory of electrochemical corrosion tar a
roaltiit to rirtriln steel alloys commonly used lii aircraft structures tromogeneous metal. Some aspects of the types of corrosion
it ) study of the initiation of fatigue cracks, (2) erndurarnce that can occur when a metal consists of diflaerent phases, a
clnerarturletces cunter tension/cotrupression iGoodman diagram), ruombitretiort of different mettals is used, ot a metal structure 1i.
M)i determnoiriilori of thet critical constritint intensity factor. and iraposed to an itihomaognsous environment or to stresses. are
141 grirphe of crack propagatiorn spstio r'he totlitwing specific presented, those include pitting coriobion, crevice cororosioin,
Kirteels waie lInvestigaterd 35NCD10. iSCDV6. and Z25NKDV intrgraitular tiartesian. sreass corrosion cracking. or corrosion
8.4. Tire results tray be usied to rank tire various materials fin fatigue. Y.J.A.
relatiorn to their tirtendrerd use and also provide quanrtitativa

rconditions Author Engineering
ECONOMICS OF CORROSION

144211011 AdiuV iupfr nooouFltrreiurbsiff aR W I. Steahls lip AGARD The Theory, Significance, and Prevent.
UDevelopmelint, Paris (France) Strricltnrr andi Mleranirai, Paerifcoroso litAicrl Sep. i97a 3 p, (For availtability usee

REIW O DANE O DRMETALLURGICAL N76-33332 24.28)
FARCTO TC NQ E I UO ENNATO Tire urrcartainties11 related to the prroblems of defining the

COUNTIES tml uibb, f autuslo to mlitay airraftdue toilacmet
P Sloif Atne negyRs tsa. unrllirrilairrl lank of manipulable information were described. Varioust Informed

Va, ol ,1 Uhlf'vi uretl ndrirrvnntigu* btillion pmi vealr Some general conoidarirtions which should serve
tin tedecrbe fr hulbiualot f itmui rnt ickooi orityn as a riasecurablo basis for mptoving the understanding of not
fo aplctin nhi,;-ntgrty iglysttmhdauroriuanirr onty corrosion economics but the genrical problem of maintenance

anti recorinrrridetiurro irdereisilevant to tire preparatitoll of Itre
forthcomring specialists wiastiing oil Advanrcedi labliit.111Atr
Techniques in 1 owdar MerelltrUry arid ithier Ecorromiric iripliua N7111133336 Navel Aircraft Materials Lab., Fleetiands (England).
irons. Atuthort CORROSION IN AIRFRAMES111, POWER PLANTS AND

ASSOCIATED AIRCRAFT EQUIPMENT
N76-333# Aylsu Goup(at eropac Resarc sld EJ. Hemmereley /ii AGARO The Theory. Significanice and

Development Padvisor F rouan rArspccss)char Prevent of Corrosion in Aircraft Sep. 1978 16 p refs (For

T~u HEOY, IONItCACE ND PEVETIO OFavailability see N78-33332 24.28)
CORTHORION SGIN IAC AIRCRAFTTIN O A review ofl orrioslour problinms in airrfrenes, power plants.
SCORRSO I97 AIRCpRAFTs reetf saetue s . arird airciaft eq~uipmient primnarily found onl naval arid other aircraft

Sell197 15 p o f Prvened s dlecureVors%.operating in inaine envirorniment% was presented Tlire foltowinig
Wrightr-Patterson AF6. Ohio. 6-7 Oct 1978. Delft. Netitertaunri. factors affecting thu pirotblem wantr firt diSCscussd- exposure
I1112 Oct 1978. Lisbont. 14. 15 Ourt. 1978 6 speciaul rnaturer of marine enrvironmentr). Initial ntairdarda Ichoice
A(iAMI3.LS.84) Avail NTIS HG S675 of rueturials, tirotoirili aird lrInspctioin techrniqures. mtaintenarnce).

Tlire rirgificarice. itrrtriicatiotrrr airc eciroirmicsi of itia varlonurifidsko noneii iawrrrelirerteiies rdrsr)
types of corrosion In aircraft were discussed, its weli as the fobc fIfrain(uwo nivrcegos rdlsr)

tireata anti prniventive nmeasuresi fur this product life oycle. designi, rcouroirris (originhi coat and operating cost). awarenress of the
materiai soiection. conistruction, manintentance end repair, inspection prututrm [training of iriursi. Spoclfic corrtsion problems ericouri-

and test. The titrese lis placed or, the need for- greaster applicatiorn toeder In the foilovvinrg aircraft comnpolnents were then described.
of kownpreentie mthos. geatr vsibiityof he poblmairfiarne structures ieiurrtinum,. irragnealuni, ferrous, titanium

efpknowd pventive ringedctions. gribeater visibiit al thpronsferri, alioyll. paint protective 1va~tomes. geomiretric coilnsirtsrations, and

knowlruedg aignrsriidehnlgy a uat itiandivda b letto nrotca trN7se33 ofe tieuse of temporary or supplemrentary preservantives). enrginies.
knowedg arr talrnoogyFor ndiidua tilesassN76.33finrd aircraft equipment. Some norrrtento; on corrosion mnonitoring

through N78-33340. werie islo given. Y.J.A.

1176.33333 Protnisel IN E I. Slilver Spiiir, Md. N76-33337 Messuruchirlitt.Hoolkow.5l1ohnri G nr.b H.. Munich
INTRODUCTION: A SURVEY OF THE PROBLEM (West Germany). Aircraft? Div.
N E. Promieal /if AGARD Thes Theory, Significance and Prevent. CORROSION PREVENTION TECHNIQUES, MAINTENANCE
of Corrosion in Aircraft Sep. 1976 5 p IFoir availability see AND ROPAIR

N7S333 2428tKarl 0. Sippei lit AGAND The Theory, Signrificance and Prevent.
The oveirtal situation arid perspective of the coiroision proiblems of Corrosion in Aircraft Sep 11176 18 p rools (For availability

in arrcralt was reviewed A striking paradox Is that, deaspite see N76-33332 24-28)
extensuive research and knotwtedgje in tirea fleig ofi coirrosiorn arid Possibilities which exist to Increase the corrosion resistance

tIrectical irigasures to comhat It. aircraft corrosion damage is of aircraft istructures. mainly involving alunminunm alloys, ware
still[ being extierierced that annually is coating many millions ot describedf Material selectiori and Its treatment, application of
doliars.a well as Indirect pendlties such as aborted mrissiorn&. suitable surface protections, antd appropriate proceduras duting
docreaed aircraft trsage factor. and even, orncasslio-illy. safety assembly woei consiodored. Other materials, such as titanium
hazards to aircraft and personnel. It appears thai there does not and steel are also taken Into consideration Special attention is
exist art adequate transfer of technotogy between scientists, drawn to Ihnoeii prohiurms which arise during assembly end result
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from incompatibility of protective coatings with structural materials at the 42d Meeting of the AGARD Struct. and Moter, Panel,
or fasteners. Furthermore, a short description of a procedure Ottawa. Carn., 4.9 Apr. 1976
used to determine inspection Intervals by taking corrosive Influence IAGARD-CP.200, ISSN-92-835-01 71-3) Avail: NTIS
into account was given. As our roson -preventive coatings on HC At l/MF A011
surfaces and fasteners are easily damaged, simple and inespoinsv The technological and economic achievements of powder
repair methods obtain great significance In practice. Therefore. metallurgyI techniques are considered. The production of powders,
methods in common practice In todiVys aircraft maintenance to the stateoaf-theaon of techniques for consolidation of titanilum
repair corrosion -preventive coatings are described. Author and superalloy powders to near net shapoi4 plifesicopment of

improved materiasi qualities, and cost reduction ard arilphasixod.
For individuai titles, see N77.15153 through N77-15178

N76-3333S Societe Nationale Industrielle Aerospatiale. Suariesna
(Francal. Lab Central.
CORROUIONi STUDY AND DETECTION
M. Brunin, G. Sertour, and C. Bossud In AGARD The Theory, N77-11535# Air Force Materials Lob.. Wright- Patterson AFB,
Significance and Prevent. of Corrosion in Aircraft Sep. ¶9*6 Ohio.
IS p reft, lFor availability sea N70-33332 24-25) TRENDS IN THE APPLICATION OF ADVANCED POWDER

Two lInes of approach to the study of corrosion phenomena MTLUG NTEARSAEIDSR
artexaamined In parallel: corrosion reproduction and accelerated 0. P. Paterson Ir AGARID Advan, Fabric. Tech, in Powder
lasts, arid detertnintstion of corrosion rates. il) Accierated Met. and Their Econ. Implications Nov. 1976 9 p(o rmr
Corrosion Tests. Various types; of lest have been developed for document see N77.¶15152 0*28)pI~rprmr
the reproduction and acceleration of natural phenomena. such Avail: NTIS HC Al l/MF A01
as salit spray, continuous and alternating Immersion. and climatic A variety of jet propulsion and airframe comnponents were
cycle tests, together with exposure to marine and tropical examined Iii terms of coat factors. It is shown that the dominant
environmental conditions. The developmentt and utliliratitin of these factor In Increasing costs Is metal reonial& or machining. Powder
tests by a series of sexmples is demonstrated (2) Measurement metallurgy, a proposed as a means of reducing~ the costs of
of Corrosion Rates. The rate of corrosion is obviously a valuable machining engine and aircraft components, Hot isostatIc pressing.
tool for forecasting damage resulting from this phenomenon, rotating electrode process, press and tinter. arnd extrusion are
and its measurement is therefore )imply Justified. Methods used JMS
In this context, in particular the use of potentiostatic curves end among the processes discussed. . .
measurement of Impedlangs at low fre-quencies, are described.
The application of these methods to the tasting of anodizing-is
Illustrated. In the context of %ntres corrosion creanking, the study
of the kinetics of crack propagation likewise represents a powerful
method of Investigation and forecasting. Author

11177-1S1114# Commissariat a l'Energia Atomique, Grenoble
(France), 

YPRODUCTION OF POWDERS PROM TITANIUM ALLOY
BY VACUUM FUSION CENTRIFUGATION (PRODUCTION

M763339 hioStae mv Coumus.Dep. f MtaluricDE0 POUDRES D'ALUAGEE DE TITANR1111 PAR FUSION-
Engineer hiitngUn. oubu.Det o etluria CENTRIFUGATION 8OU1.1841DE3111

DUSINI~c lIN COROSIN PEVENIONJacques Decours, Jacques Deviliard, and Gerard Sainfort In
R W. tashe InAGAR TheTheoy, Sgnifcanc andProvril.Implications Nov. 1976 ¶13 p In FRENCH orpiaydcmnof Corrosion in Aircraft Sep. 1976 26 p refs (For availability see N77-1 5152 06-26 Io rmrydcmn

see N78-33332 24-26)Aal USHCAliM 0Approaches that mavy be used In aircraft design to prevent Av procesNT Is prsete Al r labicain podrso nor minimlize, in general, corrosion were discussed. Theta include: TA6processois presenated for faurioncantrinugatpowdr ofde TAectiond
lil simrple preventive ideas, such as avoiding chlorides, high TAomb0alloyst elabo aratedb usIon centribeugwtho une elacityosurface srriassus, hydrogen In inetals, etc.. (2) point of view that bobrmn.AZpaau sdecie ihacpct o
aircraft must be designed on the basis of cycic loading or fatigue,inutalpocinofmalowe.Terprisofheodr
13) the life cycle costse (capital and maintairancal must be kept thus fashioned are discussed. Large pieces of metal have been
asi low as possible without compromising safety, reliability, or worked by frit and spinning at temperatures between 850 and

avaiabiity 14 coproisemustbe rad bewee th us of11100 C. The structurai and mechanical properties of the products
high strength, light weighrt. heterogeneous material systems and ithcodsteaeom rdbfrendfteran by~a tratmn.
the chemicial or mechanical instability of all engineering materials,.rnl.b N
with resulting problems of accelerated corrosion duo to Intimate
juxtaposition. Applicationis were made to the 03.1 program and
to various ailoys. Y.JA

N7S.3~4 Adisrry rou flt Arrosaceflneerlr ndW77.16165# Nuclear Metals, Inc.. West Concord, Mass,
NDevelopet Padvris Groncel. tArsaeAsac n PRODUCTION OF TITANIUM POWDER BY THE ROTATING
PRevelomntIO PaNDs (FacOe) TO ORSO NAR ELECTRODE PROCESS
PRAFETIO ATUCURD COSIAL OF CRRAPNHY I Gerald Friedman In AGARO Advan. Fabric. Tech, in Powder
CRiT lvn ITheryU9 SigIficane Gand PreetHfCrosoYnArrt Met. and Their Econ. Implications Nov. 1976 5 p (For pnrimary
Sep 1076 4o phoy rignficaFor andiait sreeat of .33 24roin 261icrf document see N77-15152 06-26)

Aep biligrph with absracs (Foa ailblity wta r N7r3r3ft c2rrosio Avail. NTIS HC Al 11/HMF AD I
wAs presented.phe folwing absreacs wearin covred hir htecrafcorsn The titanium alloy powder mods by the rotating electrodewas resnte. Te fllowng rea wee cvere. hgh emprs.process consists of cioselyi-sited. high purity spherical particleslure corrosion, erosion and cavitation, manufacturing processes, within the range of 50-HOO miecrometers. Although earlier REP

non-destructive testing arid Inspection, failure analysis, fracture, powders had bean produced by a technique employing afatigue, arid stress corrosion cracking, wear. gitneral arid galvanictugenchotisaneofotmntonwslmntd
corrobion. osfolistlon, localizeid corrosion, coatings, surface finish, tunsten athodofprthis sormodfica naimtions whc wakuseo tianiumtd
arid plating, power goenrmtinn. fuess and combustion, materials cathd*s nete a ~suto r c nssumodifiati nnonsuwih mable useofdttaiu
selection, testing. and evaluation. Author cahds nete osmbeo oiosmbe Author

N77-11511512fil Advisory Group for Aerospace Research and
Deveiopment. Paris (Franc@). N77-1E1164 Laybold-i-ersout Cm b.H , Hanau/Main (West
ADVANCED FABRICATION TECHNIQUES IN POWDER Germany).
METALLURGYV AND THEIR ECONOMIC IMPLICATIONS PRODUCTION OF HIGH PURITY METAL POWDER BY
Nov. 1976 240 p refs In ENGLISH partly In FRENCH Presented RLECTRON BE1AM TECHNIOIUE
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H. Stephen In AGARD Advain. Fabric. Tech. in Powder Mot Equipment which makes the hot isoststic pressing process
0and Their Econ. Implications Nov. 1910 a p lFor primary an economical and viable Industrial process Is now well developed.

document see N77-t1512 08-26) Hot and cold louding procets% systems are competed at a
Avai: NIIS H At /MF 01Iprodiution rate tr'. one cycle per eight tour day. Other comparisorrs

Manufacturing of metal powders. especially of titanium and of the !wo sy~toms include equipment typt... equipment costs.
nickel -super -allays of highest purity irr the most at~onar. alos wsi arid the effect of materiel processed. Author

9 Is discussed. The powder can be uf 100% spherrical chaps and
of 60O 800 micron diamreter and of flake clae of 20 -400 macli
or a mixture of both. High purity is achieved by processing In
high vacuum, malting with ithe programmed electron beamn and
atoll-lung with a water-cooled totalting dick This allows rod, ctlon
of hydrogen from TI-elovsr anrd reduction of C. 02, H2 aod N2

frmNi-suipcr-alloys and avolds conlirninaltiort f the ornital powder
from the environment, this heat aource and the atomliaing systemt. N77-16160# Conaway Pressure Systems, Ing., Columbus, Ohio.

ii Author NOTES ON BOME ECONOMIC ASPECTS OF Hip I
R. M, Conaway In AGARD Advent. Fabric. Tech, in Powder
Met, and 'rheir Eoon. Implications Nov. 1975 5 P (Fur primary
dlooumeat ass N77-15152 06-2B)
Avail: NTIS AII/MF A0l

Two airoas of Interest Involving hot loostatic processing are
addresesd. Some of the considerations Involved Ill the concept
of operation with respect to preheat ate presented. Additionally,
aom, of the results of as study Intended to give Indications of
floor-to-floor processling coset are briefly prevented Author

N77-1515S7# Atomic Energy Flceecich Establishment, Harwell
(England). Chemistry Div.
TITANIUM POWDER PRODUCTION SV THE HARWELIL
CENTRIFUGAL SHOT CASTING PROCESS
P. W. Sutcliffe end P. H. Morton (Imperial Metal Ind. l(yrtoch).
Ltd., Birmingham. Engl.) In AGARD Advan Fabric. Tech. in
Powder Met. end Their Econ. Implications Nov. 1978 4 p
refs lFor primary document sees N77-15152 05-28)N?.lS WglIanladCoLt.Hefrdsgad.
Aveil: NTIS HC At I/MF A01N?1G6#Wgl (er)alC.Ld. eeod(nln)

The centrifugal shot casting (CSC) process, which ham NICKEL SUPIRALLOY POWDER PRODUCTION AND
particular eslevence to the production of titanium alloy powders FABRICATION TO TURBINME DISCS

I I brefl decried.Theproes Ison@of eveal entifualC. H. Symondi and F. A Thtompson fIr AGANtD Advan. Fabric.
atomrization techniques being developed throughout the world Ta4h pn rPfwder prim arndocmn Thei Econ .mlclon 82 v 08-2 0
which Incorporative the mechanism of disintegration of molten Avil NTI re C Alo primary AouetseN715 20-8
titanium into discrete droplets. The melting ofa Iltianium alloyAvi:NI HC l MFM

elecrod an th eumeqentatomuston s I taec iec inOne aera of application hag received moreo attention then
elecrod an th suseqentstomzaton s I taes lac Inany other, this being turbine disks where the requirament Is not

the CSC process Is Ililustreted. In addition. calculationa of thefothuliaeIhghem rtrerisncbtfropmie
time taken for pure titanium dieplets of $0.500 micrometers mo tehnicalporties at ini redah temperature s Thesacebteo om~o

diametsedurito solidifincflight Tre dpreentdeascel af thee dpsaname. components lend themselves Idealiy to manufacture by the powder
tersvrd duri tengtr m iiatind Thes deenene of themIetgsenvironment route since nearly all the advantages of powders ovor conventional
ter upons ther ntre edpesdeof.ainr e Anuir hor routest can be ulillied, An integratud powder production and

Is cnsiered Auhorcompaction plant was Installed simed at thei commerciolication
of this type of component. Work on the forging of disks from
hot leostatlosily pressed iHIPI billet Is revliewed along with
I~ Indloarione of the potenfiael for other techniques applicable to

teproduction of powder disks. iLe. Pireforms plus forging, direct
Hill to shape. Isothermal forging, thernroplastic processing.

NT77.116111# Allmanno Svenska Elektrisks A. El.. RobertaficorAtir
I Swederil.
PERFORMANCE AND ECONOMICS OF HIP EQUIPMENt
IN INDUSTRIAL USES
Hens T. Larker In AGAMO Advaio. Fabrin. Tech, in Powder
Mot, and Their Scan Implications Nov 1978 8 p [For primary
document sce N77* 15102 06-26)
Avail: NTiS HC Al t/MF A0l

Hot Ilostatic primming (IPI I' is on established procas# within
sorns segrments of Industry arid ample experience ham been
gained front the use of ASEA QUINTUSIFII HIP eqtuipmeant in N77-15102# Pratt artd Whitney Aircraft, t'act Hlartford, Conn.
production, both cold ioaded for cemented carbide products arid MANUFACTURE OF LOW COST P/M ASTROLOGY
hot loaded for high speed tool siteal. A design for the Insuiation TURBINE DISKS
system of HIP furnaces Invented about ton Veers ago iard then Dennis J. Evans Ini AGARD Advan. Fabric. Tech It, Powder
further developed has proven to give high reliability arnd low Mot. end Their Econ. Impiications Nov. 1976 8 p (For prirtary
ronitrterrsnce cast. Examples of HIP processing costs for a cold docunment see N77-15152 05-26)
loaded unit and a hot loaded pressing line are given lTre calculated Avail: NTIS HC Al l/MF A01
costs ranging from some tens of cents to about a dollar per kg The use of powder nietailurgy to produce components from
masterial beiing treated should citable a rapidly increasing use of difficult -to -forge alloys was demonstrated. Howevir, am the costs
the HIP process. Author of raw materials, labor, and processaing increase rapidly, the

ctimulus for continued powder processing developmrent shifts from
performance to that of raw material cotnservation and cost
reduction. It was the object of this program to denmonstrate the
reproducibility of the product obtained from the forging of annular
Preforms uoi~g a carbon modified Astrology powdor and to

W77.15159# Atlodave Engineers. Ing. Erie, Pit esteblish production procasses and specifications relevant to thlti
PROCESS AND ECONOMIC CONSIDERATIONS FOR poroduct. The technrical approach taken was to procure hot
PRODUCTION SCALE HOT IBOSTATI C PRESSING EQUIP. icoelatically praised low carbon Astrology forging preform. from
MINT two powder sources. Ones source utilized high pressure consolida.
Charles W. Smith, Jr. It AGAIID Advan. Fabric. Tech, In tion, the other low Preasmure contolidatiori. Tneto as-HIP'ed
Powder Met, end their Econ. Implications Nov. 1978 7 p Preforms were hammer forged Subsequent mechanical propertyj For primary document see N771111152 06-20) evaluation verified the quelity of these components and a disk
Avail: NT16 HC Al 1/MF A0l for engine qualification was made available for testinrg. Author
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N17161S163ji Avco Lycoming Div.. Stratford, Conn. Materials An inrtensive effort in powder metallurgy was initiated forand Process Technology Labs. Re.9 when the powder metallurgy approach emerged as:aADVANCEMENTS IN NUPERALLOY POWDER PRIODUC- viable technology through the comrbined development of powde
TION AND CONSOLIOArION production and hot isostatir prressing The status of this effort IsLouis J, Fledler /it AGARD Arcvan. Fabric. Techr. In Powder reiwddn h eo ietin r rd~tdI hc odr
Met. and Their Econ. Implications Nov 197(1 9 p (For primary metallurgy Rona 95 is likely to make tire moat slgnlflcant
document see N4771161152 06-26) contributions Author
Avail: NTIS HC Al I/MF A01

A program was initiated to reduce ilia coo! of fabricating
supereiloy turbine erngire components throughr the Ltitiiastlori end
improrvemenrt at powder metallurgical rrclirriques. To date.
investigations were conducted air borth 1powder production anrd
powder consolldbtion. Specifically, it was deniroritrateri that the
coat of powder production could be significanttly reduced at the . N77?115147f Moreorn. und Trtrblinon*Lilon Muninohen G.mn.b.H.expense of small property changes through the use of virtlit (West Germany).
moatrialit and powder raven during melting, oifrilnmizlng Inert INVESTIGATIONS FOR MANUFACTURING TURBINE
handling, and the use of coarser mesh fractions. Relative to DISCS OF NIEIASE EUPIRALLOYS BY POWDERI METAL-

uetoproduce nerntshaped parts by dietHIP obyW. Sets. H. Huf.f, Track, M. Srendils. F. Schubert, and Wminter plus HIP !ochnlrtuas. The verification of these processes Spyta In AGARb Advan. Faboric. Tech. in Powder Met. andto currently In progress through the fabrication and evaluation Their Econ. Implicatioins Nov. 1076 19 p (For pirimary documentof a full scale turbine dish with an Integral stub shah. Author as N77-15162 06-26)
Avail: NTIS8 HC A11 It/M F AOlI

The potential advantages &tising from powder nretallurglcat
production of turbine disks using different processinrg methods
are discussed Reseaich work included the following production
methods: I1l powder compressed by hot extrusion. dishk shaping

N77-19164# Pratt and Whitney Aircraft, Watt Palm Beech, by forging In a conventional forging press; (2) Argon-stomnised
Fie. Guyernment Products Div. powder compressed by hot isoostati praising (HIP), disk shaping

ISOFRGIG OFPOWER ETALURG SUPRALOYSby forging In a coniventiotnal forging press: and (31, Aigon-stomnizedISOFORGADVANCDFTURWDER ENINEAPPLICATIONSALO powder, compression and simultaneous disk Msitping by HIP.
M, M. Allen In AGARD Advan, Fabric. Tech, in Powder Met. h Inleeofdfrntsp sdicsdeg HP
and Their Econ. Implications Nov. 1976 15 p (For primary paramleters, foiging parameters and heat treatmunta on microstruc.
document &see N77-115162 06.26) lure and results of tensile tests (fromn FIT up to 600 Ch. creep
Avail; NTIS HC AlI I/MP A01 rupture test 1650 C and 730 QI. and low cYale fatilitir1 tests

The atoisig frgin prces isa ho di isthemal(teat bars &t PIT sitd 600 C and &punned disks at HTI Parameters
Tehiue usedtorn ftorgicg process corIusahtloirn Tisothrocal were found for HIP In combination with thermomechanical post

utiize te spepleti beavor mpate toadancd upealoy treatment whtichr producre a microatruoturb In which the oravious
utlasthruhe sprir psiocn bend/ior Imontrled forgivnge sparametrs particle grain boundaries are nol densely covered by carbides

throgh rio prcesing nd/r cnlrlle foringpormetrs.This rnicrottruciturrit leads to mrechanical and techniological
This lichrilquo Is currently being used in the production of all1 properties which appraar to to be adequate for tire use of theseof the turbine disks and many of the compressor disks used itt PH-rrrterials for turbine disks. Authorthe 1`100 engine orograrn. The Galtorifing technique has allowedproduction Of a dilverse array of precision forged nat and riear
net shape auperalioy components. Because the process uses hot
dies and relatively low forming rates, 1W, response of the
asosGtorized workplace to aubuequent heat treatment is
remamrkably uniformi. Finally the Gotoricrng proosis offer@ strong

applications whioh urse expensive raw mnaterials, require nissimumI N771E1SU*B Societe Nationals d'Etude at die Coirstruition do
irraterial properties, or require complex coimponent configuration. Moteurs d'Aviatloir, Corbaill lFraca)

Atithor INFLUENCE ON THE MECHANICAL PROPERTIES OFVARIOUS PROCESSING PARAMNtERS APPLIED TO
NICKERL EASE SUPENALLOYS POWDERS
Pierre Lescop. Michel Marty. and Andre Welder In AGAIID
Advan. Fabric Tech In Powder Met. and Thilir Econ Implications
Nov. 1976 111 p lIn FRENCH; ENGLISH summaiV (Fur primary

1477.151S16# Homnogeneous Metatls. Inc., Herkimer, N. Y. documeirt see N71-15152 00-201
MENTAL POWDER PRODUCTION BY VACUUM ATOMIZA. Avail: NTIS HC Al1/MF AOl
TION Thu ciararctoristIL6 of nirkolibusa alloys, fabricated fronr
J. M. Wentzoti fIn AGARD Adyan. Fabric. Tocir. ii, Powder prealioyed powders. are Infiuenced by eachr of tire successive
Met. and Their Econ. lmplicstions Nov, 1976 6 P) (For primary operations. The effect of the nraln parameters aire shown, such
document see N177115152 05-26) as: i1) powder atomization process (rtatoive electrode, argon
Availl NTIS HC Al l/MF AOI Wtorr1i1atin), (21 powder yranulometry, J3) curbon content oi

The potential energy for atomiusticir can be stored within the alloy, 14) riensitication mode lextrusiori. conventional iosotatIQ
the molten metal, which increaset the efficiency. Also. the rilgher compacting, fast leostatic compacting, pseudo -isoetatit, unlasilal
tap densities of vacuum -stom 12ad powders. as coirpared with compression), and (6) tharmal treatments and forging conditionrs
argorrsttcmizad powders, Is a distinct advantage. Alloy powders according to the temperature range considered for tiae application.
based an Ni, Co., Fe, Cii, AL. and rnisich metal were made 'The structures and the mechanical properties Iterraloi, creep.
successfully by this prorcess. Powder mretaliurgy will play a low cycle fatigue) are examined on ailoys Imbricated at labors-
olgnificent role hrt this era of corrservationr ard cost reduction, tory scaie (IN 100. Astroioyi and on Industrial products or various
: nd v "cuurrr stomrnastion lirtsahown thrat tire uinconrventional origin(RatHerr 95. Astroloy low carbon). Author
approach may offer the most practical uolutions to sonre of our

currant problems. Author

NI7-1EISS# Natiornal Aeronautical Establishiment. Ottawa
N77.SlSff enerl Eectic C.. incnnat, Oio.CONTROL OF GRAIN STRUCTURE DURING SUPERALLOY

OENE 9S POWDER METALLURGY OPPORTUNITIES FOR POWDER PROCESSING
G"AS TUREMINE APPLICATIONS W. Wallace. J-.P A. Immisarigeon. J. M. Trunoutir, and B. 1). t,
David B. Arnold Itr AGARD Adven. Fabric. Tech. irr Powder Powell In AGAHO Adven, Fabric. Tech. in Powder Met. ain
Met, and Their Ecoon. Implications Nov. 1976 8 p (For prirmnary Their Econ. Irnplications Nov. 11976 13 P refs iFor prtimary
document see N7 1-15152 00-261 document sea N77.t15152 06.25)
Avail. NTIS HC All /MF A01 Availl NTIS HC Atl/MF AOl
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Factors which influenice the control of Virgin structure dul if; R. F. Vaughan. P. A Blenkinsup. and P H4 Morton /it AGARO
hot isostatic pressing of nickel-boos supoiralloy powder@ are ~ Adven. Fabric Tech. In Powider Mal and Their Ecoir Implicationsr
examined. The ganrme piecipitate can be timed to control graiin Nov 197ff 7 p rate (For primary document see N77-16162
structure below the gaimma solvus. white carbide precir ,taori 06-25)
on grain arid particle boundaries controls the structure at higher Avail: NYIS HIC Al l/MF A01
temperstmote Carbon and sulphur are the ninn Interstitiali$ on Ti.BAI.4V shot was obtained from two sources, the centritugal
particle boundaries Flow proptijeruss fracture behavior. and shot casting process and the Imatmig electrode procesus. The
tecrystallizatrcrr during hat forgiing depend on temlutisraura. chemistry and size distribution of lthe two types of shot war*
strain. stiain rare, and Initial grain xtructuis of the compact. The compared prior to an evaluation of the consolidated products
affects of thavec forging variables on final tricrostructura are Atloy shot billets wars produc~ed by trot ecostatic pressing (HIP)

uisrrrirsl.Authoir and tire mechanical properties of at-HIP anid as-HIP
forged/rolted material were compared. The iwo types of shiot
behaved in a sinmilar mianrner and ganera~iy produced microstruc-
turns, tensile and fracture toughness properties similar to cast

/~arnd wrought malarial. However, the low cycle fatigue behavior
of the consolidated material was inferior to that obterved In the
conventional product. Internal fhigu origins were found to he
associated with defects In the shot and In general the dtegree
of scatter wee higher and fatigue strengths were lower thatn in

N77-1161 70 Canadian Westinahouse Co.. Ltd., Hamilton conventional material of a similar stction slte. Author
(Ontario), Turbine end Generator Div.
POWDER FABRICATION OF 11101111111111INFORCED SUPER-
ALLOY TURNE" AI LADES
P J. Mattel, G. Vandrunen, and M. J. Hakim In AGARD Advan.
Fibiric. Tech. in Powder Met. arid Their Eicon. Implications Nov.
1978 f1 dp raft (For primary document seet N77.f65 88 N77l67# Msechttoko.oh mbHOto

brunri (West Gerntanyl. Central Lab.
Avail NilS HC All/Nh r AOl SOME COMMENTS ON THE MECHANICAlI, PROPERTIES

A powder metallurgy process was developed to produce OP HIP TITANIUM
sriperalloy mastrix-thoriated tungsten riompoelte shapes. The Wolfgaing Keinath In AGAR0 Advani. Fabric. Tech. In Powder
continuous deposition of hafniumn Oci. J ..id hafnirum nitride Met. and ?Trqir Coon. Implicationsb Nov. 1970 12 po (For primary
diffusion barriers on tungsten wire by chemical vapor deposition document see N77.16162 06i.28i
wae demonstrated. Coated fibers were combined with matn i IAvail: NTIS HC Al 1/MF AWl
allay tape to produce composite plies. The plies cr-i be stacked, The mechanicai properties of NIP titanium TiAIGV4 produced
outgassed and consolidated by hot isosletic p~ressing .,*ei..runder different conditions ate discussed arid the factors which
ar possibly net composite shapes. Author influence tile fetittue vwluirs iris irwanitigatad. Author

N77.10171# Centre do Racherchae Metaliurgiqites. Liege Nri7-16174# General Electric ro., Evendale, Ohio,
(Belegium). HOT IGOSTATIC PRESSING OF TI.SAI-4V POWDER
HION-STRENGTH POWDIR-METALLURGY COBALT-BEASK FORGING PREFORMS
ALLOYS FOR USII UP TO 650 010 C R. E. Peebles /it ACIAPI) Advan. Fabric. Tech, in Powder Met.
J. M. Drapier. P. Viatou*. 0. Couteiouradis, and L. Habraken In end Their Econ impilications Nov. 1976 8 p raft (For primary
AGARD Adven. Fabric. Tool,, in Powder Met. and Their Econt. docurnrnt sea N77-15152 06-20)
Implications Norv. 1978 14 p refs (For primary document seu Avail: NTIS HC Al 1/MF AOl
N77-15152 06.281 Date are presinted cconcernirtg puwder cheractori~sticii, hot
Avail NTIS NC Al1I/ MF AOl isostatic pressing (HIP) pararristric studies. producing and lorging

The possibility of obtaining high strength levels at Intermeriaste HIP preforms. and the determination of many mechanical
temperatures fin experimental cobelt-base alloys prepared by properties from forginrjs asi well so so-HIP mraterial. The results
powsder metallurgy IP/Mi techniquies was investigated. The first of the mechanical property testirng ure corimpared to those of
pait of the work concerned P/M grades irortairlirg iii wt.%)l the conivenrtional cast and wrought apprrooi tie well as to each
10 to l5%Ni, 201Cr 10%Mo and up to 1.0%C. strorigt~raned othesr. The ouonoritilit of forging powder preformrs, end of using
mainly by solid solution effects arid pruripiltetion of carbides. tie rbiioy in thera s-consolidatetd (by ItlF'l are discussed 3s well
The second part dealt with P/M gruiler centts ing liii wt.%) as currant problemrs Author
lS%Cr, 3 to 5%Mo, 6%Ti and less than 0.1%C ..rcnigtheneci by
solid solution affects arid precipitation of the ordered fIIIc
gamma.Co3T i ntarrretalic compound. Proaiioyed powders siting

it lost than 600 microns were propbsed by N2 satonrl~tion and,
for some of the Ti-containing grades, by the rotating electrode
process After consolidation by trot extrusion of canined pow-
daers the alloys were fiot worked by reliing or swinging and
subjected to a final uging treatment. Ultimaet teirsile strengths N77.15175# Air Force Materials Lob., Wright. Pattersoin AFS.
up to 1960 MN/sq. en at room temperature and 1350 MN/sq. Ohio.
in at 650 C (1.200 F) were obtuinqcl in the garnnia.Co3TI WELDASILITY OF HfOT ISOSTATICALLY PRESSED FRE.
strengthened alloys. Relationships betiveen microstructures anid ALLOYED TITANIUM SAI-4V POWDERS
mechanical properties are discussed Ini terms of the powder ft. F. Goiseridoifer, L. P. Clark. and M. A. Greenfield Ini AGAIIO
characteristics, and the extrusion arid subaqUreirt hot working Adveri. Fshric. Tech in Powder Mar and Their Finn Implirations
and aging conditions. Author Nov. 1976 Ii p refs (For primary rdocumienrt ioo N77- 15 152

00-6) 8
Avail- NTIS HC Al1/MF~ AWl

The prestlayed TI GAI.4V powder shapres Irvestigated included
nIEP spherical powder and N/DHI rregular powder. Both typest
were evaluated afier three different tiie-temperibture-preesuret
HIP conmbinations. In addition, a fourth HIP cycle above the
beta transus was conducted with spliericri powder only. WeldinU

N77461~72# Iniperiail Metal Industrhis (Kynrochl Ltd.. Sirmingaran, was coniducted on easconrpected malerial using the bead-un-plate
I(Englanrd). gos tungsten arc techniuque withr fuil penetration and constant
COMPARATIVE EVALUATION OP FORGED Ti-GAI-40 BARt weld parametelrs Weldnirrnte were evalueted by bend, tensile.
MADE FROM SHOT PRODUCED By THE RIP AND (.8C and tuughrriss testing lit conjuriotiori with adliographtic arid
PROCESSES itiutallcgraphitr techniquenn Author
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N77. 1m176# Grumman Aerospace Corp., Bethpage. N Y..-
Advanced Materials and Processes Development.
FdfAN.NET POWDER METALLURGY AIRFRAME ITRUC-
TURES
R. H. Witt In AGARO Adven. Fabric. Tech. in Powder Me,.
an'd Their Econ. Implicatlonis Nov. 19768B p iefts (For primary
document sne N77-16152 06-26)
AvAil NTIS HC Al I/MF A0l

The use of powder metallurgjy for the reduction or minimization
Of tihe acquisition cost or titanium alloy airframe parts in discuased
The rea!Llilsi Of studies recjeictlrg the following pro~cesses are
prenaented 11 ) cold isrjstatic t'ressing Lind sinteringu to produce h
high density prefoirms for subsequent hot forgirig to fuii-dansity.
nttur-nest ishapes, (2) hot pressing of shapes, and (3) Not Isoatatic
pressing to fuil-dentilty. nuar-net shapes in a one-sts., operation.
The primary ltitnium alloys Investigated were Tl.BAI.4V and
Ti-BAi-6V.25n. Advantages, disadvantages, technological and
economic considerations are summarlied for each approach and
potential future airframe applications tins presented. Author

N77.11E177#i Atomic Energy Research Eatatlisarment, Harwell

PODRPODCIN PART I Final Gummary
P. W. Sutchiff e In AGARD Advan Fabric. Tech. in Powder
Met, and Their Ccon. Impiications Nov. 1976 4 p (For primary
document see 1,77-1516f2 06.2e)
Avail: INTI S H C AI l/ MF AOl1

Methods for producing titanium alloy and nickel altoy powders

are briefy reviewed. 0. M. L.

N77.l1517# Air Force Mateiiial Lab., Wright -Patterson AFB.

POWDER CONSOLIDATION, PART 2 Final Summary

Larry P. Clark In AGARD Advan. Fabric. Tech, In Powder Met.
and Their Econ. implicationsa Nov. 1976 6 p (For primary
document see N77-15152 05-25)

Avail N7IS HC Ali/Mr A0l
The state-of-the-art for powder Consolidation and easOL .iated

processing techniques Is discussed. The sequence from the

the finai products is foilowed, Coticlusions are drawn as to the
state-of-the-art of powder consolidration into unabie shapes and
recommendations aer made for future activities. Author
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27 N NMET LLIC MATE IALSadditional experimentation is riuggested to fully evaluate the limits
-. N NME ALLC M TERALSof the theory Author

Includes physical. chemical. arnd mechanical properties of
plasticsi, elastomors, lubricants, polymersi. textiles, adhesives.
and ceramic materitals.

N77-18192# Advisory Group for Aerospace Research arid
Development, Paris (Franje).
MECHANICAL PROPERTIES OF CERAMICS FOR HIGH
TEMPERATURE APPLICATIONS
Dec 19715 61 p Presented at the 43d meeting of tint Struct
arid Mater Panel of AGARD, Patio, Oct. 1970
[AGiAIID.14*61: ISSN*92*836*1232-5) Avail: NTIS
HC A04/MF AO`1

Analytical techniques for the deterrrinatiorn of localized
stresses tard strains and the application of fracture mechanics,
proof testing. arnd life prediction techniques to ceramics are
discussed. H-igh temperature creep properties and design aspects
of caermic materials are also considered For Individual titles.
see N77-161183 through N77.i18185.

N77.l16183# Karlsruhe Univ. (West Germany).
CREEP OF CERAMIC MATERIALS FOR aA6 TURBINE
APPLICATIONS
Fritz Thuemmier and Georg Grathwohl In AGARD Macohý
Properties of Ceram. for High Tamp AppI. Dec. 1976 p 1.26
refs (For primary document see N77-18 182 07-27)
Avail: NTIS H-C A04/MF AOl

The creep properties of silicon nitride and silicon carbide
are important with respoct to their possible Application In gal

* turbines. General aspects of creep Including common and unusual
creep mechanisms are discussed along withr testing procedures

* and evaluations. The creep of differenit types of S13N4. Sialons.
end of SIC is reviewed and compered. consIderitig the Important
influences of purity. microistructure, end environment. Peletlonsv
of creep to fatigue end to the delayed fracture phenomenon aer
mentioned Open questions and future roesearch requirements are
discussed. Author

* .N77-15114# Durham Univ. (England). Dept. of Engineering
Science.
FRACTURE MECHANICS OF HIGH TEMPERATURE
CERAMICS
P M Braiden lir AGARD Mech. Properties of Ceram. tor High
Temp Appi Dec 1976 p 27-39 refs (For primary document
see N77-16182 07-27)
Avail NTIS HC A04/MF AOl

The general concepts of fracture mechanics as applied to
ceramics are discussed. The experimental techniques nrecessary
fbr accurate mreasurement of fracture mechanics parameters rer
dnrscribsd gaome apprOariesl to the characterization of tire
fracture properties of sonse engineering cerannIcs are discussed
with particular attention to slow strain rate tests Author

N77-16186# National Bureau of Standards. Washington, D C.
Inst for Materials Rtesearch
NEW DESIGN TECHNIQUES FOR BRITTLE MATERIALS
S M Wiedaerhorn. N. J. Tighe. and A 0 Evans (Rlockwell interit..
Thoiiaand Oaks. Calif.) lIt AGARD Mach Properties of Corm
for High Toemp Appi. Dec. 1976 p 41-5$ rets IFor primary

clocuniont sas N77-16162 07 27)
Avail NTIS HC A04/MF A0l

Methods of design fur Improving thu reliaiality of cearmics in
structural applicationi are described Based on the science of
fracture mechanics. these methods provide a ratiorral basis for
estimating the lifetime of structural cromponents that are
subjeicted to applied loads Date obtained by standard strengttr
or fracture mechranics techrniques are u.01e11 to dovelop design
Jiagrams from which comrponrent perforrmance Is evaluated. Three
types of diagrams are described, depending ott whether tire criticat
flaw size in a componernt is estimated by nondestructive evaluation.
proof testing, or statisticai evaluation rhu vnlidityv of the theory
was tested exapien Iinrally. arnd. on the whole agreemenrt
between theory and experiment is satisfactory However.
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28 PROPELLANTS AND FUELS

28 PROPELLANTS AND FUELS Avail: C~~~ repace Hy AothMF A0d1t a

i hn dlung; ro nde airroafat.uegsiter. reated inormdi tir n seoae constituent of composite double best solid propellanitu to prevent
mmd and~ng;andSiroaftfuas~ Fr rlate inormaionseeproblems caused by hydrogen chloride in the combustion gates.

also 07l Aircraft Propurlsionr and Power. 20 Spacecraf ropi io Cyclic nitramincis are aubstituted and tested. Fribrication mach.
and Power, and 44 Energle Productionartrrr Conrversionr. niquas arnd properties of the propellants ara discussed. A H

N77-111lS0# Contre do Recharches du Bouchat, Vert do Petit

N76-19295# Advisory Group [or Aerospac~e Ressorci and (France)
Development. Paris (France) NEW PROPELLANTS FOR TACTICAL WE~APONS: SILANIES
FUTURE FUELS FOR AVIATION IPROPERGOL8 NOUVEAUX POUR ENGINS TACTIQUIES:

II Pinkul [Pinks[ I lirving, Conisuiltant. Fairview Park. Ohioi LEE SILILANtli
Jan 1976 41 p G. Doriath In AGARD Smail Solid Propellant Rocket% for Field
IAGAID-AR-93. iSBIN.92-83E-t2Ol -41 Avail NTIS Use Sep .978 7 p In FRI!NCH (For primary document sea
HC $4 00 N77*l111U5 02-28)

IrThe fuel suppiy outlook withirr the NATO nations is considered Avail: NTIS HC AOS/MF AOI
Hydrocarbon fuels, alternate fuels as well as apecificutivnrilchanges The fabrication process Is described for composite propellants

ltfuels and changes In aircraft design and operation are discussed. using silicon as a binder, ammorniumn proihlorate as an oxidant,
Rocammade iIon forfutre pogrmit re nclued. Authrarid aluminum a. the reducing agent. The mechanical properties
Reconreriaion fo fuureproram ar inlucerl Auhorof vilanmes are discussed and applied to baillistic weapons.

Trenal, by A.H.
N77-111 18# Advisory Group for Aerospace Research and
Development, Paris (France). N77*111i~l9# Centre de Recherche& du Boualhet, Vert de Petit
SMALL SOLID PROPELLANT ROCKETS FOR FIELD UBE IWrsncal.
Sep. 1970 113 p refs Proceedings hold at 47th Meeting of STRONG IMPACT PROPELLANTS OF LITTLE SPECIFIC
the AGARO Propulsion and Enerigetica Panel. Lirnder Hoehe, ATTENUATION FOR RIADIOEBICTRIC WAVES [PRO-
Germany. AvailMayNTI76PERGOLES A PORTE IMPULSION SPECIPIQUE ATTINUANT
HC A08/MF A01 0. Prigent In AGARD Small Solid Propellant Rockets for Field

Technological problems are discussed for propulsion systems Use Sep. 1976 7 p refs In FRENCH (For primary document
of advenced small rocket motors for antitank, anti-aircraft, and see N77-11 185 02-28)
light irtiliery rockets The nalme and shook lffects of these weaponls Avail. NTIS HC Aol/MF A01
are explored. For Individual titles, asee N7 7.11186 throughr Temperature rise caused by post combustion provokes an
N77-11196. irncreese in electromagnetic waves. Composite propellarnts were

studied to determine lits effect of anti-attenuarint addItives on
N77.t11 10# Service Technique do l'Asronautique, Paris (France). impact and combustion rate. Transl. by A. H.
Sectiont Armaments Missiles.
MILITARY ROCKET AIRCRAFTt INH4ERENT CONSTRAINTS N77-11192# Cranfleld Inst of Technology lNrglandl.
AND THEIR USES [LEV ROaUETTES D'AVIATIONi THE MEASUREMENT OF IGNITER HElAT FLUX IN EOLID
CONTRAINTUES INHERENTEE A LSIUR UTILISATION) PROPELLANT ROCKET MOTORS
Clouds Sengolosen In AGARD Small Solid Propellant Rlockets I E. Smith and K. IM. Slddiqui /it AGARD Small Solid Propellant
for Field Use Sep. 1976 7 p In FRENCH IFur primary documentmn Rockats for Field Uvce Sep. 1976 13 p refs (For primary
see N77.f11185 02-291 rlocinrrient see N77-111185 02-281
Avail: NTIS HC AOl/MF A01 Avail NTIS HC AOO/MF A01

The capabilities end disadvantages of aircraft launrchedi. Using platinum thin film gouges. the temporal and axial
self-propelled rockets are discussed. Traren by A H. distributlirn Of heat flux was measiured from two different types

of Igniter compositions itnd two different Igniter geometries. The
N77-1 1 187# Advisory Group for Aeruspate Research arid parameters used were different igniter messes, tube lengths, end
Development, Paris (France). norrole throat diameters The size distribution of the particulate
SPECIFICATIONS OF THE PROPULSION SYSTEMS FOR rrrattmrr arising frain combustioin of pyrotechnic niaterials was
ANTI-TANK ROCKETS ISPECIFICATIONS DES SYSTEMS irrvestigated. Whereer radiation plays art Insignificant pert In the
DE PROPULSION DEB ROOUETTEU AfiTIf.CHAR1111 total h~at transfer process, the 'point' host flux due to particulate
Alain Fourniar lin Its Small Solid Propellant Rockets for Flild theat trarnsfer was found to be en Important mode of heat transport
Use Sep 1976 4 p In FRF.NCH#IFor primary document smmt during igniter action. Author
N77-11185 02-28)
Avaif. NTIS HC Aol/Mr A01 N77-11 193# Ballistic Research Labs.. Aberdeen Praving Ground,

An elevated operating presasure with a temnperature coefrfirc'iet Md.
acceptable for full-time use: high aonbrr.tlor, speled; aurd a AN INTERIOR BALLISTICS MODEL FOR A SPINNING
enrnsibll~lty to eroaive combustion are inquired for propulsion ROCKET MOTOR
systems of future anti-tonl. type, Bingle-ttaige rockets. Carl W Nelson let AGARD Small Solid Propellant Rockets for

Trenal by A H Field Use Sep 1976 6 p refs (For primary document asee
N77-11185 02-281

N77I1111111# Dyinamir Nobel A.G.. Cologne (West Ournianyl Avail NTIS HC AOtl/MF A01
DEVELOPMENT OF A SMALL SOLID PROPELLANT ROCKET A computer modiil was developed for the spinning motor
MOTOR FOR FLEXIBLE RANGE REQUIREMENTS usesd eir an artillery projectile. Lunrpad parameter equations for
Welter Helinut Diesinger Ir AVARD Small Solid Propellant uonservation of mess and energy ere solved numerically. Gas
Rockets for Field Use Sep 1976 13 p, rats (For primary properties were studied mixing the input from two different
document see N77-1 1 185 02-28) propellant grains. Gall dynamic effects due to the swiriing of
Avail. NTIS I-C AO6/MF AOI gases through a single central nozzle weire invectigated. A formula

Ballistic properties of the coirventional German light artileisiy for rardial burning raiese was derived. Author
rocket LAR I are described. The ratio of minimurm to macrmrirr
range nmust be smnaller to moet military raqluriements in second N77.1 11014# birrtiltu fuear Cttgmis tier Traib- ond Explosivatoffe.
generation uV!rtatirr. A solid propellant rocker motor having two Pfinztai (West Germainy)
propulsive charges and two independrent throat periods Of eqUal DETERMINING THE SHELFLIFE OF SOLID PROPELLANTS
thrust levels is propoased. The charges see ignited in sequence F Volk In AGARO Small Soiid Propellant Rockets for Field
by aln electronic lmiing circuit at a predetermined time of delay Use Sep 1976 17 p refs (For primary document osa N77-1 1186
for optimum thrum~ for rraximum ranger A H 02-28)

Avail NTIS HC AOe/MF AOl
N77-11159# Inatitut fuer Chemie deir Treib- und Explosivetoiffe. Whiie stored at various temperatures batihoen 65 C and
Pfinuita (West Germany). ti0 C. several double base propelilants with the same composition,
HIGH ENERGY COMPOSITE DOUBLE BASE SOLID differirng only in the stablulIcer. were aegd artificially to the onset
PROPELLANTS of atirocatalytic decomposition. A correlation between the
W. Kloohn In AGAIID Smeall Solid Propellant Rockets for Field toinporature aerd the storage period was established for the results
Use Sep. 191B. 14 p (For primary document see N77-1 1166t obtained met the respective temperatures. The continuing aging
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of the pbopellent gives rise to stabiii~ar reaction products which
earr characteuistic of the respective aging condition. These reaction
pjroduicts may be used as a criterion for different stages of aginu
within the shelf life of solid propellants. Author

N 77. 11126# Technological Lab. ltVO-TNO, Ililowiik (Nether.
lands). Rocket Section.
SIMPLE DETERMINAIION OF THE MECH4ANICAL BIHAV-
10O1 OF DOUBLE BASE ROCKET PROPELLANTS UNDER
HIGH LOADING RATES
P. J. Greidanus In AGAI4D Small Solid Propellant Rocket& for
Field Use Sep. 1978 14 p roef (For primary document see
N77-1 1166 02-28)
Mail: NTIS HC ADoa/Hf A01

Two methods ale discussed and evaluated for determining
the mechanical behavior of double base rocket propellants. Uniaxial
impact compression by an Instrumented drop weight apparatus
has advantages over tensile loading. Ultrasonic equipment Is used
to determine elastic properties and lovalize detects In propelient
grains. Author

N77-11 I liSS# Institut Franco-Allemanid tde Rcherches, St. Lotuis
(France).
IMPULSIVE NOISE MEASUREMENT METHODS AND
PHYSIOLOGICAL EFFECTS IMITI400ES DI MESURE DES
ORUIT8 IMPULSIF@ AT EFFETE PHVSIOLOGIQUEBI >
A. Dancer and M. Froboarse In AGARD Small Solid Propellant
Rockets for Field Use Sep. 1976 7 p rats In FRENCH (For
primary document see N77-1 I105 02-28)

Aval: TISHCAOS/MF AfA
Exposure to comptex Impulse noise eccompanying the tiring

of standard armaments resulta In headecha, Intense earache,
and a sensation of deatneas and may cause lesions to the Inner
and middle ear, Commercial pressure transducers were evaluated
to determine reliability and used In determining precise measure.
mania of the pressure pulses. Trarisl. by A.H.
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3t typical components are shown. The need for lull scale testing31 ENGINEERING (GENERAL) to establish Fretting charecterletics Is stressed since there era
Includes vacuLIm technology: control engineering; no representstivs smell specimen tests which duplicate the fretting

display enginaering; and nryogenics mechanism and the paramaters controlling it Author

N75-22492# National Aeronautics and Space Administration
Lewis Research Center. Cleveland. Ohio

N75.224"7# Advisory Group for Aerospace Research and FRETTING IN AIRCRAFT TURBINE ENGINES
Develotiment. Panei (France) Robert L. Johnson and Robert C Bill In AGARO Specialists
SPECIALISTS MEETING ON FRETTING IN AIRCRAFT Meeting onr Fretting in Aircraft Systems Jan. 1976 17 p refs
SYSTEMS Prepared in cooperation with Army Air Mobility R and D Lab.
Jan. 1975 229 p rats In ENGLISH. partly in FRSNC-I Pri-santed Cleveland (For availability see N76-22407 14.31)
at 39th Meeting of the Struct arid Mai ;ý 'n,. I. Munlch. The problems created by fretting in turbine engines are
6-12 Oct 1974 discussed the erass of greatest wear identified with the Fan.
(AGARD.CP-101) Avail. NTIS HC $7.51) compressor, and turbine blade isouithirgs being the most critical

The effects of fretting and wear on tht, .,n.0iptr: oft aircraft items. Various methods for reduting or eliminating fretting in a
structumse and engines are examined VarrO.Jc conr, .n curface, turbine engine are described. Vacuum deposition of coatings by
era categotized In terms of their role in the m!ntoenanco of sputtering and ion prlating are recommended as an econowic
flight profile and stiuclUtal integrity along with several typicul method of applying thin films to inhibit fretting. Author
fretting situations. The occurrence of fretting on the fan.
compressor, and turbine blades of let engines as examined to N7S-22493 Societe National* d'Etudes at do Construction do
include the affects on splines, rolling elements, bearing races, Moteurs Aeronutliques. Corbeil (France).
and secondary sealing elements of face type seals. The sequence COMMINT ON WEAR OF NON-LUBRICATED PIECES IN
of events which constitute the Fretting mechanism is analyred TURNOMACHINES [COMMENT RIDUINE L'UGUNE DES
For individual titles, see N75,22488 through N75-22503. PIECES NON LUIJRIFIESS DANS LIS TURSOMACIHINES]

J. Thiery slid R. Spinet In AGARD Specialists Meeting on
N7.22,145 Missouri Univ., Columbia. Colt of Engineering. Fretting In Aircraft Systems Jan. 1974 14 p In FRENCH;
FRETTING OF AIRCRAFT CONTROL SURFACES ENGLISH summary (For availability see N75-22487 14-31)
David W. Hoeppner In AGARD Specialists Meeting of Fretting The parts of a turbojet engine which may be damaged byin Aircraft Systems Jan. 197b 9 p Sponsored in part by fretting are identified. Fretting wear is Invastigated on en alternate
ONR (For availability eao N75.22487 14,31) friction test rig, up to high temperatures. for various solid mtarerilsThe occurrence of fretting and fretting fatigue in aircraft and a number of anti-wear skins. From the results obtained,
structuros and components Is discussed The terminology and behavior principles for nieteriale and skins are derived and used
general conditions which produce fretting are defined The two as guidelines to solve the main want problems encountered.
major elements of the fretting process are identified as; (1) relative Autor
displacement between surfaces in contact and (2) a normal load
acting upon the eurfanee. The conditions which lead to an o cn
acceleration of fretting and wear are analyzed. Illustratlions of N7g.i240e Rolls-Royce. Ltd., Lavesdan (England). Small
fretting fatigue and damage to representative aircrtelo components
ere provided. Author THE INFLUENCE OF FRETTING ON FATIGUE

W J Harris iO AGARO Specialists Meeting of Fretting in
Alrcralt Systems Jan. 1975 12 p refs (For availability see

N75-224"9 Messarr.chmitt-Boelkow.Blohm G.m bH. Munich N75-22487 14.31)
(West Germany). The fretting fatigue phenomena for various metals are
FRETTING OF STRUCTURIS FOR MODERN VG FIGHT. discussed. Methods for reducing fretting in aluminum alloys are
ERS described. The use of epoxy resin matric films for fretting reduction
Volker Vortein and Peter .. Seibert IH AGARD Specialists Is recommended. The use ot tungsten carbide-cobalt coats to
Meeting on Fretting In Aircraft Systems Jan. 1975 15 p rets reduce fretting of titanium alloys is proposed, The results of
(For availability use N75-22487 14-31) tests conducted with various types of fretting reduction coatings

The fretting phenonmunon of structures for fighter aircraft are analyzed. Author
and practical countermeasures to reduce fretting are discussed.
Fietting problems caused by wing pivots are examined. The layout N75-224U5 Nottingham Univ. (England). Dept. of Metallurgy
and design of the pivot lugs and bearings to avoid fretting are and Materials Science.
shown. A description of a wing carrV.through box flt fretting PHYSICS AND METALLURGY OF FRETTING
reduction is included. Author R B. Waterhouse hI AGARD Speciallsts Mesting on Fretting

in Aircroh Systems Jan. 1975 17 p refu Sponsored by Min.
N75-22490 Westlnd Helicopters. Ltd. Yeovil (England) of Del. and SO. Ret. Council (For availability see N75.22417
FRETTING IN HELICOPTERS 14-31)
J. R. Lee In AGARD Specialists Meeting on Fretting in Aircraft Fretting corrosion arid fretting fatigue are concerned with
Systems Jan. 1975 10 p (Fur avalltbllity see N75-22487 the oscillatory tangential relativn movement of two contacting
14-311 surfcoet. In nany contacts movement occurs over only part of

The fretting problem in helicopters which is created by the the contact and fatigue cracks are fiequantly observed originating
high frequency of alternrting loads is discussed. Examples are in the boundary between the slip and non-slip regions Tempera-
given of some of the more common cases of fretting The most ture rises in the contact zone can lead to ta moelectric effects
serioul effect of fretting is stated to be reduction in fatigue between dissimilar inetals but these are leour Important than
strength. Methods for alleviating fretting by clamping pressure metallurgical effects. particularly in hoet-trestable materials.
to prevent relative movement, improved lubrication, soft low Work.hardened and age-hardened alloys are piarticulairy suscep-
strength interlayers. and hard wear resistant coatings are proposed. tibie to fretting danrage. The volume of material affected by the
The author stares that in many cases the only method for stress system Is of importance In fretting fatigue. Author
oliminating or reducing fretting Is to redesign the component.

Author N75.2249N Mtlamirititut TNO. Apeldoorni (Notherlandsi.
SURFACE DIITREIS OF COPPER ALLOY4 IN CONTACT

N75-22491 United Aircraft Coip.. Stratford, Conn. Sikorlky WITH STEEL UNDER FRETTING CONDITIONS
Aircraft. A Begelingei and A W. J. DeGew In AGARD Specialists
FRETTING FATIGUE IN TITANIUM HEUCOPTER COMPO- Meeting on Fretting in Aircraft Systems Jan 1975 10 p refs
NENTS (For availability use N75.22487 14.31)
M. J Seikind In AGARD Specialists Meeting on Fretting in Study of the fretting behavior of copper alloys against steel
Aircraft Systems Jan 1975 6 p refs IFor availability see showed that, in tire presence of a liquid lubricant. the waem
N75-22407 14-31) process in purely adhesive by nature. Taste. performed under r

An analysis of the effects of fretting on the fatigue strength conditions of continuous lubrriceted sliding, show that such tests
of titanium components used in helicopter@ lit proserntud. Methods may be usedJ to provide a first tough estimate of the behaevior

for reducing the effeets of fretting conllst of cold working of of maleriels under conditions of lubricated fretting. provided that
contact surfaces, silver plating, solid lubricants, and sacriliciel the rate of energy production under lllidlng conditions equals
metallic liners Electron micrographa of main fracture surface for that tinder fretting conditions. In the absunce of a lubricant thel
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31 ENGINEERING (GENERAL)

"praocess Is detsrmnined exclusively by the formation and subsequent N76-22601 Fiat S.p.A., Turin 1italy)
behavior of oxides on thfr steel surface. Now, tests performed SELF.LUBRICATING POLYMERS
under conditions of continuous sliding give no indication whatever Alfredo Frerncechini In AGARD Specialists Meeting on Fretting
of the behavior of rtoaeriaels under fretting conditions. Author ii Aircraft Systems Jan. 1975 17 p refs (For availability sese

N75.22487 14-31!
N75,2249? Dow Corning G m. b. H., Munich iWest Germany) Some polymetr, elther of the thermoplastic or the thermoset
"LUBRICATION UNDER EXTREME PRESIURE [LA LUBRIIFI- ting type, are quite suitable as selflubricating materiala Such

CATION EXTREME.PREBSION I bearings are useful whenever lubrictilori is impossible or
Paul Deyber and Maurice Godat In AGARD Specialists Meeting impractical for temperature, weight, corrosion or other limitas

toi Fretting in Aircraft Systems Jati. 1975 13 p reft In tions. The most commonly used plastics in this field are the
FRENCH (For availability see N75-22487 14-31) polytetrifluoroethylane, the polysmides, the polyacetals arid the

.: It. Hydiodynamic simtioi•. film formation. and film ehinoatiloti phenolics. these have been lomnd recently by a family of heat
were studied during mixed lubrication undat extreme pressure resistant materials, the polyimides The significant mnteritl

Limits and hycdrodynamic range were established for lubrication properties in trlbology, in absence of lubrication, are the friction
of the solid specimen studied. The gradual build up of a solid coefficient and the wear rate; to these are connected I In a
lubricating ldyer resulting from an additive reaction with steol more or less direct way - other physico.meachnical propenries:
was described. Finally, the competition between the formation thermal conductivity, hardness, and thermal expansion. With regard
of a film by reaction produtls from the chemical oil additives to running conditions the prominent parametera ire temperature,
and the wear we. observed. Trenal, by E.H.W. load and sliding velocity; If they become more severe conventional

polymers fail, and one must resort to mote special lied materials,

N)6.22491 Ferapaslast Polytechnic Inst . Troy. NY. Mochanicst like PTFE sintered with bronze and lead, or members of a relatively

DIv. new group of polymers- the polyimidci Author
i ODESIGN OF PIVOTS FOR MINIMUM FRETI~rNG

M B Peterson and F. F. Ling In AGAND Specialists Meeting N7B.22102 Air Force Materials Lab., Wright.-Patterson AFS.
on Fretting In Alicrahf Systems= Jan 1975 22 p refs (For Ohio.
avaitsblllty see N76.22487 14.31) FRETTING WEAR BEHAVIOR OF A POLYBILOXANE

An analytical and experimental Investigetion has been BONDED SOLID LUBRICANT
conducted on the fretting of pivots. A telst rig was met up which R. J Senaing and S. D. McConnell In AGARD Specialists
allowed fretting studies to be conducted under s wide range of Meeting on Fretting in Airoraft Sysltems Jan. 1975 6 p refa
conditions of frequeincy. load. amplitude, temperature, time. (For availability iee N75 22487 14.31)
materials and geometries. It was found that roiling contacts The development and characteristics of a polysiloxane bonded
performed much more satisfactorily than sliding contaots because solid lubricant are dlicussed. The application of the lubricant to
of limited microolip. Dynamic loads, gross sliding, arid changing titanium engine cornnreseor units to reduce fretting is descrilbed,
of the cointact area increase fretting substantially. Open contact The chemical properties of the lubticant are analyzed. The test
gomrlieirs are lesa damage prone than mote restrictive ones equipment arid the methrod for conducting fretting tests are
Materiatl like tool steel$ and carbide% are affective over a wide reported. Author
range of conditions when the mlrorlip Is limited. Designs are
biend on those contacts which give microsllps lee• than N75,22503 Chevron Resasrch Co. Richmond, Cal(f.
00004 In. and pressures lis than 220.000 pal since these N C ResearhICo IchiCa lf.
parforned satisfactorily under long term tests. Since. microslips FRETTING WEAR OF SITRL IN LUBRICATING OILS oin
can bu uclculatted for any given rrmaterials and designs research Douglas Godfrey /ta AGARD Specialist Meeting on Fretting In
is needed to determine microalip damage Itmits of various Aircraft Systems Jan 1975 7 p roe (For availability see
materials. In studying freltirg, it is Importent to clearly understand Fretting we8 r 7 xperiment were onducted to determine the
the motions arird the nature of thi. damage processes AuthorFrtigwaexrmnswrecnuedodtrieth

properties of mineral oil which inhibit or promote weer. The
apperatus used caused a steal bearing bell to vibrate in contact

• N75.22499 Hydtomoca~niqu a t Fiottament. Andreoux (Francs=). with ai steel block. Large wear scats and alpha Fe203 wereCentre Stephfnois de Relcherches Mocariquies roduced in a few minutes with unlubrileated speolmens. In the
NEW POSSIBILITIES OFFERED BY SURFACI TREATMINT prosenioe of one drop of medivinal white oil or a commerciol
IN CONTRAST TO CONTACT CORROSION INOUVELLES lubricant, very eantll wear scars were produced in one hour.
POSSIBILITIES OFFIRTKA PAN LIE TRAITIMINTS DE Oxidation of the oils increased wear slightly. The addltion of
SURFACE DAN$ LA LUTTE CONTRE LA CORROSION DE tetrelln hydtoperolide also Increaled wear, The greatest wear
CONTACT•0 el was produced with a mixture of oxidized oil and fine alpha
A Gonin. A. Barger, and J J Caubet In AGARD Spacialiste Fs2O3 powder. Author
Meeting on Fretting in Airortaft Systints Jan 1976 16 p rafs
presence of one drop of medicinal while oil or a commercial N7I.303S9# Advisory Group for Aarotipaco Resoarch and
lubricant, very small wear scars were produced In one hour D evelopm ent. P aris (Francs)
Oxidation of the oile increased weat slightly The addition ofOviper, ai Fare"•L: •ld~tlo ofthegilamor=,H wl~~t ~llgtlyThellddtto oiANALYTICAL AND NUMERICAL METHODS FOR INVESTI.
tetralln hydroperoxide selr, Increasel| wear. The greatest wear AATIONCAL AND WI1 H ICAL REINS,"was producedwt itr foiie in i aOO FLOW FIELD WITH CHEMICAL REACTIONS,
wes0 ptodedw ihamxueooiddilnder fieAlphar EPECIALl.Y RELATED TO COMBUSTIONP=203 powder. Author E IMay 1975 324 p refs In ENGLISH and FRENCH Conrf reld

at Liege. 1.2 Apr. 1974

N75.2200$ National Aeronautics end Spece Administration. (AGARDCP.1641 Avail NTIS HC 59.25
Lewis Research Center. Cleveland, Ohio Various methods used to study flows with chemical reactiont"EFFECT OF VARIOUS MATERIAL PROPERTIES ON THE 8and combustion are discussed. Major topic aresm covered include'

ADHESIVE STAGE OF FRETTlING clesical integratlon methods used to solve problems of Itatnine
Donald H. Buckley /In AGARD Specialists Meeting on Fretting in turbulent (mean flow) combustion; caiculatlon nrethods used
in Aircraft Systems Jan. 1975 19 p reft (For availability sea to study turbulent flames, and methods epplicable to combustota
N75.22487 14.31) arid their operation and to the analysis of pollutant formation

Various properties of metals and alloys hiove been studied For individual titles, see N75,30360 through N75-30375
with respect to their affect on the Initial stage of the fretting
process, namely adhesion. Crystallographic orientation, crystsal N75.303S0 Imperial Coil of Sience rand Technology, London
structure, interfacial binding energies of dissimiilar metal, (England).
segregation of alloy constituents and the nature and otruriture NUMERICAL COMPUTATION OF PRACTICAL COMBUS.
of surface films have all bean found to influence adhesion. High TION CHAMBER FLOWS
atomic density, low surface energy grain orlentation@ aehibit lower D B. Spalding In AGARD Anal and Numerical Methods for
adhesion than other orientation%. Hexagonal metals in general Invest of Flow Fields with Chain. Reactions. Especially Related
mannlfest leos adhesive wear than cubic metal. Knowledge of to Conitbujt. May 1975 24 p raft (For evallahility stee N75-30359
interfacial surface binding energies can assist in predicting 21-31)
tdhealve transfer and wear Selective surface segregation of alloy Numerical procedures for predicting combustion chamber
constituents can accomplish both a reduction in adhesion and flows include mathe•antical models of physical processes, and
improved surface oxidation characteristics. Equivalent surface computer programs for solving the resulting differential equations
coveraiges of various adsorbed species indicate that sanme are The mathematical models for turbulence, radiation, chaminloal
markedly more effective in inhibiting adhesion than others kinetics, and two.phase effects are briefly reviewed along with

Author the fields of applicability of the computer programs PASS, EASI,
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STABL and TRIC. all oif which employ the SIMPLE algorithm F A Williami /if AGARD Ainal. and Numerical Methods for
The ways in which the computer programs and the ma~thematical Invest of Flow Fields with Chain Retactionsl, Especially ftelatild
models can be used for practical purposes ar0 illustrated by to Combust May 1975 25 p (For availability see N76-30359
steady flame spread in a duct. the oxisymmetrical combustor. 21-31)
unsteady flanin spread iii a duct, the inclined rocket exhaust. The structure and motion of a lamianar flame in a shoar
the annular-combustor sector. end the reaction region of ef flow is considered The attain rate Is established as a key
chemical laser It as argued that the main current needs var for turbulent-flow factor influencing flame structure It is concluded
testing and exploitation of the numerical prediction procedures that premixed turbulent fllams seldom ate composed of an
which recent research has made available Author ensemble of sheared. premised, lamninar flame%, while turbulent

diffusion flamnes often aer composed of a collection of laminar
N76-30361 1echnische Hoctruchulo. Aachren (West Germanyl diffusiomn flame* A statistical description of premixad turbuleirt
THEORETICAL ANALYSIS OF NONECUILIBRIUM H4YDRO. flame structure is ouitlined for turbulence of low intensity The
GEN AIR REACTIONS 11E1TWEEN TURBULENT SUPER.111 uu of coupling functions is discussed for describing the structure
SONIC COAXIAL STREAMS of turbulent diffusion flamnes that consist of a statistical collection
H. Roertilen In AGAND Anal. end Numerical Methods for oif laminlar diffusion flamest for which the flame-sheaf opproxima-

Invest. of Flow Fielda with Chaem. Reactions, Especially Related lion Is applicable. It Is shown how to obtain In a simple manner
taCombust. May 1975 10p alef(For availability see N76-30359 the average local volumetric production rate of nitric oxide iii

* 21.311the turbulent diffusion flame, requiring as input only the local
An analytical study Is made of the free turbulent mixing probability density function for the inert, evaluated At an inert

end combustion taking place In the mixing layer between a concentration which ctorrsponds to the flame-shoot position
cold supersonic central hydrogen let and a preheated supersonic Author
coaxial air stream Finite difference approglimations are, developed N75-30366 Southampton Univ Rangland).
that uncouple the govetning equations by local linearliation KINETIC ENERGY OF TURBULENCE IN FLAMIS
techniques together with iterative methods. Eddy viscosity models K N C Bray lIn AGARD Anal and Numerical Methods for
are used to describe the turbulent transport processes. Models Invest of Flow Fields with Chemn. Reactions, Especially Related
are Investigated for the prediction of the combustion process: to Combust May 1975 20p pai rf. Iorvailabilitysea N75-30359
(1l local chemical equilibrium and (2) steady state kinetics. 21-31)
Experimental investigations of the studied hyrirogeneirt flame are The exact equaetiotns of turbulent. reacting flow are used.
carried out. The numerical predictions are compared with the togethini with an order of magnitude airalysis. to derive an
experimental results Author approximate form of the turbulence kinetic energy balance

equafiorn for premised. two-dlimensional. turbulent flames at low

N70-30352 Sociote Generale do Constructions Elecrinquas at Mach tiurrber and high Reynolds numbei Plausiblea lcours
Mocaniques Alithtoin, Grenoble (France). hypothse ate then Introduced. in order to obtain err equation

t TE SMULllO OFTURULECE N IREPESSEa which reduces to a familiar form of the turbulence kinetic
MODEL (A SIMULATION OF L TURB ULENCE IN IANRI SI eneIrgy equation. iii the case of nonreacting flow of constanti
LEG MOOELIIIS PITULA) density Additional termsr. related to heat release and mass
J. P. Hirffenue In AGARO Anal. and Numerical Methoda for transport, bocome imiportant In turbulent flameis Exponerimetally
Invest. of Flow Fields with Chem. Reactions, Especially Related observed effects of turbulence on a variety of turbulent flame
to Comnbust. May 1975 14 p trefs In FRENCH: ENGLISH coinfiguiations are diticussed in tarom of this equation Author
summary (For availability see N75.30359 21-31)

Mathematical models of turbulent flow are examirned. It Is N7111-0366 Aerospacef Research Lotba , Wright- Patterson AFB.
shown that partial diffarantial equations are not sufficient to Ohio.
solve the problem of detetmining turbulent flow cha&ractaeristIics A NUMERICAL SPECTROSCOPIC TECHNIQUE FOR
in two parameter models A model based on these findings Is ANALYZING COMBUSTOR FLOWFIELD8
proposed for constant density flows and for flows with density Michael E. Near hi AGARD Anal. and Nurmerical Menthods for
differences, in which the force of gravity carl modify the Invest of Flow Fields with Chaint Reactions. Especially Related
tuirbulence. Author to Combust May 1975 22 po rets (Firt availability see N75-.30369

21-31)
N75-30363 Office National d'Eludes at do Rechercirsa A computer prograiri which calculates the ultraviolet emission
Astospatlales. Paris (Francs) and absorption spectra of OH i; presenrtedt for use iir conjunctionr
NUMERICAL ANALYSIS OF THE INFLAMMATION PHAIE with inumerical piograrris wtri,(h predict combuslto flow field
IN A TURBULENT MIXING BOUNDARY IAYER (ANALYSE properties Spatial distributions of OH4 inumber density arid
NUMRIOIUSl 01 LA PHASE DINFLAMMATION DAN$ UNE temperarnurr. resoulting fronm arralytical flow field calculations. are
COUCHE Of MELANGE TURSULENlIN used au input data for calculatinig the absolute rintensities of the
Otto Louchter In AGANtO Anal. and Numerical Methods for spootru Oh particular interest is the ability to calculate the shapes,
Invest of Flow Fieilds with Chrnt Reactionis, Especially Related af thea irteirsity envelopets associated with the low resolution
to Combust. May 1975 29 p refs In FFRENCH, ENGLISH alit settings of a given spectromneter. CompadrisnsM1 are made
summary (For availability see N75-30350 21.31) with actual spectral data obtalined with various degrees of spectral

A numerical description is given of the inflammation process resolution Thy computer program is also ubod to generate
in the turbulent mixiing region between a tual let Imixture of grarphical inversion techniques for analyxing experimeintal spectre
H42 and AR) and an external air stream, the two fluids being at An ursampie is given in which aria such graphical technique is
tha some temperature and of the same density. The initial usedI to obutain average temperatures and number densrities along
conditions at the confluence are characterized by the velocity the arxis of err axisyninmelnic duct corrlainrrg a Supersonic diffusion
ratio and tinea initial boundary layer thicknesses The description flame Anothar example is presented to demonstrate the mianner
of the fields of mean quantities and second order correlations is in which a second inversion technique can be used to obtain
performed by means of balance equations constructed from the radial profiles of tsnirparstura arid OHl nurmber density troint radial
general conservation theoremrrs Simplifyitng assutiipliona are acarnning of art sarsymiratric combustor flow field Two cases
introducod for the chemical kinetics, accounting for the particulair involving thrernmodynamic noneqnrilibnium are also discussed, One
behaviour of the hydrogeon-oxygon cheIn reaction in the region of which involves a trot vibrrationral boird arid the otlher air electronic
of short ignition deaiy The number oft equations doscribing the nonectuilibrium Author
chemical productiorn and the effects of turbulence on it may
thus be considerably reduced The numerical solutions have N75-30367 Office National d'Eludes at do Recherche%
revealed that the slowing effects of the turbulence are little Aerospatlales. Pads (Franc~e)
affected by the inita conditions but depend essoentially on the ANALYTICAL METHOD FOR PREDICTING CHEMICAL.
behtaviour of the kninetics in the mixing layer, whenever the REACTION RATES IN THE PRESENCE OF IN.
reduction of the inflammation length In the presence of boundary HOMOGENEOUS TURBULENCE (APPLICATION TO
layers Is due mainly to the distortion of the mean velocity field TURBULENT COMBUSTIONI (METHODS ANALYTICUE OE
A sinriple criterion for the inflammability of lets is established PIRVISION DES TAUX Of REACTION CHIMIQUE RN
taking Into account these results Author PRESENCE D'UNE TURBULENCE NON HOMOGENE

JAPPLICATION A LA COMBUSTION TUROULENTEII]
N75-303#4 California Univ., La Jolla. Dept of Applied Roland tiorghi In AGARO Anal and Num~erical Methods fop
Mecharrics and Engineering Sciences Invest of Flow Field.s with Chesm. Reactions. Especially Related
A REVIEW OP SOME THEORETICAL CONSIDERATIONS to Corinbust May 1975 26 p rafs In FRENCHA. ENGLISH

OF TURBULENT FLAME STRUCTURE summary (For availability see N75-30J59 21-31)
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A theoretical approach to the reciprocal influence between Adequate prediction techniqlues for supersonic, miming,
turbulence and chemical reactions Is preeented. The approach is reacting flows are of greet Importance in the dtrtign and
based on a conventional method for studying turbulence in performance analysis of supersonic combustion remiet iscramlorl
inhorrio'jeneous. nonreactive flows, where the fluctuation evolution engines Analytical programs for parallel Injection flow fields with
is followed and calculated by the evolution of their moments of chemical reaction end turbulent mixinig are now Available for
order two. A quantitative calculation of the Influence of turbulence both single end multiple-let flows The application of those analysse
on reaction rates Is obtalined by adding numerical calculation to to simple flow geometries IsI discussed. and comparitions also
anelytical analysls Author ere mdask with data on the more compiex catse of nrultiple-iet.

reacting flows. A review is given of Langley investigations of
M75-30355 California Univ .Lo Jolla. Dept of Applied parallel injection flow fields. Among these are single-let studies
Mechanics enld Engineering Scionces of nonrsecting. Iturbulent miming 1142 In air and H42 in N2), and
STUDIES RELATED TO TURBULENT FLOWS INVOLVING of reacting turbulent miming 1142 in air) with both single and
FAST CHEMICAL REACTIONS multiple jets. Implications of the results of the studies for scramnjet
Pael A. Libby In AGARD Anal anti Numerical Methods for fuel Injector design are discussed. Author
Invest. of Fliow Fielde with Chem. Reactions. tEspecilaly ReltefedN7 032 epsUiv tay. ntoferdamc

to~mbut. ay197 I~ realoreeiibiltyee~i3059TURBULENT BOUNDARY LAVER IN HYBRID PRO-
21 .311 PLAT1CMUTOTurbulent flows Involving chemical reactions in the simnplest PLA NT MonMiI USTIO nal n ueia ehd o net
chemical system, fuel-orildlier resulting in a single product aer N. Mlor Flds win A CAem An e.acdtueical. Msethodsy fRInelatedtinvestigated The conditione of the flow are assumed to be such Cofbs Mlay Fild 2it phin refs(Fons.vaipebiallty selae d to335
thet at a molecuiar level the reactions are infinitlysi fast In this ~ bs a 052 l Fraalblt e 7-05

limiingces th proertes f te tubulncedetrmin I ie xtet . 21-311limiingcasetheproertis o th turulece dterinke th exentHybrid propeliant combustion models (solid fuel and liquidof chemical reaotion. The phrysical picture of the chemical aspects oxidicerl are reviewed. The general equations for turbulent
of the flow which reaults from the assumption of fost chemistry boundery layer combustion, together with the interface boundary
and the experimerntal evidence to support this picture aeconditions, are written Combustion theories end working formiula
emnphasized. The mathematical consequences appropriate for the for solid fuel regrission rates assume different orders of magnitude
canie of highly dilute reectionis Is than developed: It is shown for the characteriistic rime ration of the relevant processes (I o.
that the crux of the problem of describing analyftically the mean fuel vapoririation, gas-phase chemical reactions, end oxidizer
composition field resides In knowledge of rather detailed properties diffusion) Illis shown thai tite modemls based an i titif a characteristic
ot a synthetic scaler quantity whose behavior can be related to time for diffusion and chemicai reaction explain the exiperimentally
that ofla passive easear In turbulent flaws, for example. temperature observed regression rate dependence on both mass flux and
or the concentration of helium In helium-air mixtures. In particular.cobsinpstr.Ahr
It is shown that If at each point in the flow In questioin thecmutinpeur.Aho
probmibilityr density function of a synthetic scaelr quantity as known,
then the meain composition end the mean rate of creation of N7111-0373 Deutsche Forutalungs. und Versuchsanstalt fuer
each speties is determined The results of calculations of a Luft. und Naumfohrt, Port (West Germany)
two-dimenisionral miking layor with fuel in one stream and with BOMB PROBLEMS AND ASPECT$ IN COMBUST0OR
oxidiaei in the second stream are given. The results show the MODELLING
expected finite reaction aurre. Author F Buttrop In AGARD Anal and Numerical Methods for Invest

of Flow Fields with Cfhem. Reactions. Especially Related to
lIrN75332Lbctlo .fctamqed C.N.N S.. Meudon Combust May 1975 6 p (For availability see N715-30350
wrncBe2) Lbnaor 'eotsmqsd 21-31)
OIUASI.ECOUILIBRIUM METHOD FOR STUDY OF RELAXED Development of a theoretical combustor model that predicts
FLOW [METHOOE 0E QUASIBOGUIUNRE POUR LEITUDI COand NO emissions and Is applicable to Industrial burners as

018 1COUIMETIS ELAIIIIIIIwell as gas turbines is described Fiimlors consideied include
DES hmm ICULMnT AGREIAna.adE ueiclMthd o determinetion of the amount of NO formead in the flame front.

I"I ruhofmlonield wit A CAem Anal.iand , Numericall M elthods selection of the correct rate constant for the reantion which
nt. Cofbs Flow 1ields wit Chm oleacion FEspCiall fENLISHd controls NO formation; the temprpatsure drop caused by radiation:

to Cmbua Ma 197 17p ra, i' FRNCH ENGISHand the effect of the initial armount of railnalo on the NO
summary lFar availability aee N71%.30359 2`1-31) omtinS

A quasi -equ iliboriu metlhod which computes the evolution freinJMS
of a steady one dimensional relaxed flow is presented along
with flow conservation equations written for a mulitiraction M75-30374 Sheffield Univ lErI19lerId) Dept of Chemical
systern Numericel resuits are given for mixtures of H-1-2 and Engineering and Fuel Tschnr gy.
H-1-12-04.2. Other topics considered include integration stability. MEASUREMENT IN TURIIII. .ANT FLOWS WITH CHEMICAL
mass flow rare determination, and transonic sons Author REACTION

Ný A Chigier In AGARD Pnal arid Numerical Methods for
Invest of Flow Fields with Cherm. Reactions, Especially Related

N75-30370 Messerschmitt-Boelktow-Blohm G mb H. Munich tonut a 98ipr~r o viaiiyse17.05
(West Germany) Spae Div 21.31)
CALCULATION OF THE EFFECT OF AFTERIEURNING IN Measurements In turbuleirt flows are corrsidered particularly
EXTERNAL SUPERSONIC FLOW BY MEANS OF A METHOD for their relevance to the prediction of flo~w9 with combustion.
OF CHARACTERISTICS WITH HEAT ADDITION AND The relative accuracy of Instruments used for the nirreburement
MIXING LAYER ANALYSISII of velocity, temperature, ges. and solid concentrations Is discussed
P Mittelbech In AGARD Anal and Numericel Methods for and examples are given of changes in the magniturdes of flonre
lnvrrat of Flow Fields with Chain Reactionis, Especially Relaeted properties as measuring techniques have Improved The require.
to Combuat May 1975 16 p rats (For availability see N15-30359 ment of varying the time period for avoerginy according to the
21-311 local conditions Is stressed and It Is shown that, under certain

A method is described foi the calculation of the effect of conditions, the averaging procedure can conceal the physical
afotrburning In supersonic flow n the vicinity of a base body on nature of the phenomena that Is being measured. The disturbance
the pressure distribution along this body The basis tor it Is a to the flow arid the errors introdiuced by using water-cooled
method of characteristics, where the host addition ist prescribed, pilot tubes for velocity. cuotion pyrometers for temperature, and
Information on the distributiorr of heat sources is gained by an relatively large water-cooled auction probes fat particle and gas
analysis of the turbulent ieac'ting miming layer applying the asnpfysls are discussed. 1t is argued that future measurements InI
PatatnkarfSpolding boundary layer program. Examples mshowing flames should be rmade with laser probes and that all measaure-
the usefulness of this approach are given. Author rrents should be made optically, without the introduction of

physical probes. Developmrents in laser anomometry and laser
NIS230371e National Aeronautics and Space Administration. Ruman spectroscopy are reviewed. Examples are given of
Langley Research Center. Langley Station. Va. m~easurement by laser probes of velocity In flames with swirl
SUPERSONIC MIXING AND COMEUSTION IN PARALLEL end of temperature end specie concentration Ini turbulent diffusion
INJECTION PILOW FIELDS flames. The Imiportant role of accurate measuremrent in the
John S. Evans and Griffin V. Anderson In AGARD Anal. end formulation end testinmg of analytical and numerical prediction
Numerical Methods fur Invest of Flow Fields with Chesm. theories is stressed Author
Reactions. Especrialy Related to Combust. May 1975 S p
rats (For availability see N75-303539 21-311 N79-30375 Technische Hogeaschool. Deift [Netheriandal. Dept
CSCL 200 of Mechanical Engineering
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501111OME MEAUSURFMSNT& AND NUMERICAL CALCULA. to the morn s•parficial ares of the c€om.a, At above threshold
TION$ ON TURBULENT DIFFUSION FLAMEIS ol4 levels, damage Is observed to the entire thickness, And some
Th. T. A. Piauw In AGARD Anal, and Numerical Methods for changed in the anterior chamber are observed, Y.J.A.
Invest. of Flow Field with Chem Reactions, Especially Related
to Combust. May 1175 11 p rafe (For availability see N75-30359
21.31) NW7611311 Letterman Army Inst. of Research, San Franc•:co,

Moesurements and the result of calculations are prseanted Calif Non.lodizing Radiation Div
for the combustion flow field in a conical furnace, constructed OCULAR FFE11 rlCTS OF RADIATION: RETINA
so that boundary layer approximations are valid. Two typos of Edwin S. leatrice In AGARD laser HIazsrds and Safety In the
flames are observed, an attached and a lifted flame. Measure. MiR. Environ. Aug. 1975 4 p refs lFor availability see N76-11306
mnits of temperature. velocity, and the mass fractions of N2. 02.311
02. CH4. artd NO are obtained for the radial profiles at different A discussion of threohold levels associated with injuries to
distances alorg the cone It is shown that the measured the primtes retina from eSposure to visible and nesr infrared
conrisritration of NO is sensitive to the flame type Author laber radiation was given. It is explained that, white the ritina

Is subdivided into ten identifiable layers, the absorption site of
the visible and near Infrared Iaaer sources Is limited to the melaninNT . 11llOiBl Advisory Group for Aerospace Rsslearch arid granules of the retinal pigment epithelium. The mechanism ofDevelopment, Paris (France). injury at the above threshold exposed site Is thermal. The andpoint

LASER HAZARDS AND SAPETY IN THE MILITARY for the determination of threshold levels can be subdivided into
ENVIRONMENT three areas: grossly observable retinal opacity level, light
Aug. 1975 105 p raft Conf. held at Germany, 22-23 Sep. microscopic cellular alteration at the distal photoreceptor ard
11975, The Netherlands, 26-20 Sep. 1975. end Norway. 1-2 Oct. pigment spithelial level, and suboellular change at the magnific.-
1915; sponsored by the Aerospace Mediocl Panel and the lion power of the electron microscopic level. Y.J.A.
Consultant and Exchange Panel of AGARD
{AGARD-LB-791 Avail: NTIS HC 31.50 N7611.1311 Royal Air Pores Inat, of Avidtion Modicine,

A review of the theory, principles, and applications of laser Famborough (Englandi.
systems was presented, with speclil emphasis on associated DETIRMINATiON OF SAFE EXPOSURE LEVILS: ENERGY

poeable accidental injuries, safety precautions and codes, CORRELATES OF OCAULAR DAMAGEI
protective devices. For individual lilies, see N76-11307 through R. G. Bodand In AGAND Laser Hazards and Safety in the
N78-11315. Mil. Environ. Aug. 1975 6 Ip refa iFor availability se N76-1 1306

N176.11307 Western Ontario Univ,. London. Dept. of 02-31)
Physics. Three techniques were used to define practical but safe crileria
PROPERTIES OF ELECTROMAGNETIC RADIATION for use with laser systems. These are: Inspection of the eye by
J. Win. McGowan In AGARD Laster Hazards and Safety in optical means (ophthalmoscopyl, fluoresecein angiography, and
the MI. Environ. Aug. 1975 9 p rets (For avealability seo microscopy flight and electron). The detection of damage is aN76.11306 02.31) form of quantel response and the determination of the three.

The basic principles dealing with electromagnetic radiation hold level is normally based on ithe energy or power which will

word discussed, particularly is they reltes to the development result in a given probability of damsge being detected. The energy
of the Laser and insofar as life processes are affected by light. correlates of damage depend on wavelength, pulse width or
It was pointed out that, although the electromagnetic spectrum exposure time, repetition rate, tissue type end pigmentation, and
extends over more than thirty orders of magnitude, that portion ocular quality. This cnmplex relationship necessarily limits
of it now dominated by the Laser onlv Includes four. It Is through experimental research to laser systems of special Interest end
this range that all fife processes are affected by light and, in so the Interpolation of date to formulate overall sale exposure
particular. the eye can easily be damaged by it. Author levels Is necessary. Author

NT1-113011 Western Ontario Unlv. London. Dept. of NM7.11313 Army Environmental Hygiene Agonoy, Aberdeen
Physics, Proving Ground, Md, Laser-Microwave Div.
LAg|RS DERIVATION OF SAFtYY CODES, II USA EXPERIENCE
J. Wm. McGowan fi AGARD Laser Hasards and Safety in David H, SlIney In AGARD Laser Hazards end Safety in the
the Mil Environ. Aug. J975 12 11 rias For availability see MRl, Environ. Aug. 11975 13 p rofe (Fop availability see
N76-1 1306 02.311 N76-11306 02-31)

Principles and properties of the loner were discussed in some A review of the problems encountered in setting safely
detail together with a description of the various types of lasers standards and the complementary loser system classification and
and their applications Author field safety controls since 1965 was presented Originally. only

two or three limits wars provided. However, times 1972. a sliding
N74.11300 Army Environmental Hygiene Agenicy, Aberdeen scale of limits varying with exposure duration, wavelength, and

Proving Ground, Md. Laser Microwave Div. PRF hive been in use. ar now standardized throughout the

INITRUMINTATION AND MIASURIMENT OF LAIER USA. and ere described in the paper. Author

RADIATION NTG-11314 Royal Air Force Inst of Aviation Medicine,
David H. Silney In AGARD Laser Hazards and Safety in the nTS-t (Engoal c fi
Mil. Environ. Aug. 1975 9 p rats (For availability see N76.11306 DFRIVATION OF 5APnTn COOK&i 21 UK EXPERIENCE
02.31) DRIVATIOrlnd OPt SGAFEYCD E. U Ke Haad n aeXPERiENCte

New laser instruments and measurement techniques evolved M. 0 aorland hgr AQAR1 Laser Hazards a nd Safety In the
during the past decade were reviewed. The measurements of 02-31)
primary Interest in the evaluation of laser hazards ire: output A review of laser safety codes in use in the United Kingdom
energy or power, pulse duration, boam profile and divergence, since 1969 was presented. The initial codes were based on
and pulse repetition frequency (PRF). The most useful types of limited experimental data and so tended to be over-cautious.
detectors end hebm profile inetlhods ware diiocuend. Short-cut More recent studies hive been related to the practical situation
check tests were also given. Author of ocular irradiation by parallel beams and have suggested that

the ratinsl radiant exposure for damage Increases with decreasing
Image esie; it followed that a considerable relaxation of the

N71.1310 LUtterman Army Instl. of Research, Son Francisco, recommendations published in 1972 wee posible. The British
Calif. Non-ionizing Radiation Div, Standards Irnstitute 1BSI) has since then recommended adoption
OCULAR EFFECTS OF LAMR RADIATION: CORNEA AND of the American Conference of Governmental Industrial Hygienists
ANTERIOR CHAMBIR IACGIII) exposure levels. Author
Edwin . Beatrice and Bruce E. Stuck In AGAfID Laser Hazards
and Safety in the Mi. Environ. Aug. 1975 5 p refe iFor

vailabillty sea N76-l11306 02-31)
The effects of infrared laser radiation on the comes and N17-11315 Royal Air Force Inst. of Aviation Medicine,

skin of humans were considered. Three areas were discussed, Farnborough lEngland).
anrmal anatomy and physiology of both tissues, summary of OPITHALMOLOGICAL EXAMINATION OF LASER WORKIRS

those loser systems which may interact with these tissues, and AND INVESTIGATION OF LASER ACCIDENTS
effects of these systems on tissues, it is pointed out that D. H Brennan In AGARO LUser Hazards end Safety in the
threshold damae" to the eye fromt C02 laser radiation is confined Mil. Etiviron. Aug. 1975 11 p rtl (For availability se N7T 113011
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Those aspects of ocular structure and function which ate of this instrument at the Neval Surface Weapons Center
relevant to laser induced damage in man were discussed. Including INSINC) to deterlimire aerosol aria dliutributioris, to measure
the tranurmis~ion end absoiption characteristics of ocular tissues turbulence lroporrivs in supersonic boundary layers. to measure
and the natural protective mlechanism* of the *Vs. A schema the tmoing clraractistiscs of two bitposiantic flows. and to measure
for the ocular surveillance of loser workers was presented with tiie thraeedimensionral flow tieldri aound sri axrally symmetric body
err eaeluation of the rote of the field and other apeclallied titt large angles of iattack in strbsonici flow is discussed Rfesults
axis mirratons. The procedure to be followed in the event of a iihocw thrat the LDV call bu a vary useful tool for making

L loser accident was discussied. It is rectommendled that this involves irurrlrirusiv ma iitairutirntns Flautirlt also show that since the
4, biophysical assessment of the accident with particular reference LDV mreasuremerrtu require mricrorrsite particlas to be present
to energy or, power densitIses which may have been incident on in thin flow, care rirusi be takien to insure that the particles will
the catrtle&. as well as a detailed ocular examination This may follow tire flow accurrately Author
'Includea fluorescein anglography. which tras been found to be ae
more usenltitili technique for detection cit damage titan ophilhal. N77.1 11224"Il Nationhi Aeronautich unit Space Administrationr
ilioscolry in monkeys Author Amish Resirarci Conten. Moffatt Field. Calif

LASER VILOCIMETRY APPLIED TO TRANSONIC AND
11176.113119 Army Environmental Hygiene Agency. Aberdeen SUPERSOINIC AERODYNAMICS1Proving Ground, Md Laser Microwave Div. 0. A Johnson W. D Bachalo, and 0 Morlcaresit Int AGARO
LASER PROTECTIVE DEVAICE April of Non-Iifitusrve Iristf in Fluid Flow fRee. May 1976
David H. Sliney In AGAIID Later Hasarda and Safety in the 12 p ref. (For primary docutnrei ban N77t11221 02-31)

t il. Environ. 1975 11 p rells (For availability see N li. 11t0o Avail NTIS HC A t4/MF AOl
02-31) As a tiutther deumonstraroir alt fli* capabilities of loser velocity

The ideal charaetteristics of laser eye protective davices wars in currprassiblu aerodynlarnics, nluasutements obtilined in a
piatesnted and the present filter materials and goggle designs Mich 2.9 separated turbulent boundary layer and in the transonic
were compared with the ideal. Although the skin requires flow past o two-dimnrisional airfoil section are presented and
plrotection front letsers emitting itt the ultraviolet and for-Infrared compared to data roaligee by coniventional techniques. In the
iaplonis at comparable ruaposure levels thet may cause eye eeapatated-flow study, the comparisonrs were made against

tinurivs. protection of the eyes remains paramount Author pitotastatic pressour data Agresrinant in mnean velocities wast
ruaatued where the pressure rrraurdierrrnts could be considered
melatale, however tin rulgion. of dirsltamtnaoub reverse velocIties,
liotrelae results were found to be convirsleint witfh the physics

N77-1 1221# Advisory Group for Aivitrr wr~ Houirsiuni arid of teflow whereas the presslure data were not The laser data
Developmenrt, Poris (Frantce) obirrnr ii Frigions cit nitreririly high lurbrrlinoo suggest that
APPLICATIONS OF NON-INTRUBIVE INSTRUMENTATION velocity biasing doas not accui it the particle occurrenne rtot is
IN FLUID FLOW RESEARCH low relative to the turbulent fiuotuatlorn rate. Streamnwise

tMay t976 309 p roet In INUILt H, tIsittyv ii fI'M NrCH Presented turbulence intensities ire also presented. In the trnsnonic airfoil
a t the Fluid Dynamics Panel Synrir. SaeirtiLurris, firrriino, 3*t5 May study, velocity irraaueasnureets obtlainied nintnrdiately outside the
1976 uprotibudr ae faaic hr AA4AI

(AGAO-C. 193, ISB-9283b 1 1 41 Aval NISairfoil are comrpared to edlge velocitles inferred htorn surface
HC A14/M1VF A01 pressure rrreilasulimirrait Fur trecstivairi Macti nurrbers of --

Tire special and ciriqire rrd~vaiiiuleri, of pirorrrinrrrii rirrisurlrily 0 6 arid 08S. tire agisranari in resutlts was very good. Dual scatter
conrcepts such as the Leaser Dopluper Vie'i-rr1iiirnui1r. 0ri0r11101i fonirr. ofitirrl atirrngernerit in soanluirltioir with a single particle,
arid PRdmanr scattering are relreiiiubirl tirrlritarri) l ilailrlrr u0 nuouiiote-typa signal promnesuor were enipluoyd In these Itivesiiga-
riresasoring; acicuracies, 11tIiinr0io i ii rrliu uril. aind Eithrer piublrriri liors. H all. nutriari- diamieter polidystyrne spheres and naturally ~areas81. Techniqcues for nreasrnirnirriri uf vutirlrrvii. llirrrnrutyireiiric ocuatrring condensed toil vapour allied ats Ilih sualtterer in the
prioperties, and other flow CiteiracnIrIIIlilt i.r.. 111 11,rl1ir114,11i nhIieu Idyefrs, two respective flows. Braggoe-cll freqtueincy shifting wans utilisted
flow fields, ner ConIbuhtion.nuisriiu floiwn alei iriludkiti For iii thu septraatedi flow Iturly Author
rincividual titlea, see N77-11 227 tliroiir N71 1 24B Y71R5 rodPiitnigDvlpetCne.Anl

REVIEW ON HIGH SPEND APPLICATIONS OF LAE I NT ArNSOldC FLOWrmnrrir DAaveoRn rnl
ANEMOMETRY IN FRANCE AND GERMANY VACie(R.Ii..Ail FSainTn ldCFL
H J Pflarite In AGAM 0 Appri of Niri Ini iiiriini rit r ii i fHold I ARO. I4w . Arricrid AF Sitilori. Tetinr I Ir AU ARD AppI. of
Flow Ret. May 1976 18 p lurl fitie priir'rriv dluitrrrrrri sod Non-Intrusive lnst iii Fiuair Flow Pesi May 1976 12 p roef
N77 11221 02-31) (Fat primary doconiini rt aie N7711221~f 02 31)
Avail NTIS HC N14/Mr A01 Avail NTIS HC At4/MF AOl

the devuloprusriet arid uasao ulinur ic roiriiniriltry ii variruirr Topics . sucuh ari signal rroceavoiiig. %ignsil iito-nro isa ratio.
French and German hitifi . spud wind tunilkrirri, rimirsuiedrqr Iii brandwidthi. sptraial rarrolniliori. arnd accuracy, eat disecussed in
these studies the Itinger type aniornuitoriiir cvito~ii nux ,~~mi.ivoly Ucrrril for typical losar ncol.irtintalr ILVI systemrs Tire particle
lrauause it is inseonsitive to vibiar ii i iri. 1 vIii miii, suric i iirvets lag prirbieri arid i raiutn iniaiyhoi, schemre to inirttnisit Its effect
fMoreouver. this type of ansoieuricriri a it, qunrpiri.ui toi riii 1111 era ipreserntedi Two liepur mient inir a typicarl continuous aetodyh
"lort oul curate resuslts with eriprici it, Iliurrui flow vulunity hrind imiuiiii ti anucorc whirl t uirril run chtiscussed to derornaititate tire
lturbulence nintensrty This in eclirrihltV Inti iti il iiititiiiii. icuiiiitrfil leclirnciris Thu dt~mra stihrwrr winu ta lson with a two-cornponent.
are used is data accquirisinu 6yctrirrie (miniile oiptical sirirgri. dlrilsiricatter. Hirgrial-ili tyneH LV irulleircing back -scatter radiation
nrents and electronic dailesigir ami eviihr im ibia is deii All this irtini lire Abilimreit masirnul lusritulith 1hIr velocity field ahead of a
iriveuligiations claswirlec rarlisl (iiith li wa (hoiru rirt putiartiiur iisseroit Ieirriapier cyllinder waa meabured at iciw supersonic Mach
in the ftow ats velocity, undiinalrun A,. j isrhcit nut btuirtitiniiil irnierri es in the first oxuirininituin The brurndaiyvlrever velocity
tcooperation it is sirousri thkil ii ttio wealu tlaioieli. taiiirodoiciie ithie nuhlaciternitica ii lire srrorck layeri interactioni region on a
ariei distributronr of dust tierliclirri furiltis n rouat irriliplolirly 1 li- two dimirenisionale floor triouritact tinirp wern also n iriVtligated Botin
raqunrennents of negligible particuicslo WtitllV i vaniari oppimnurioris oieutnrininerr pointed rott tien- itvil for estremnelcare ir data
in high aped turnnel testring it in trivoiri W inll lutui nn oirriunirrrrty rrreipriutimoni in Lurtain floiw regiorn% A maw techniiquea ir data
is a standard imeasuring procedurei arid tlirr it vi04niroiruin-rti procourinig. designed to nimproVus nuetiiiqu arid iricrauser dlata rate.
which may rot bue obtainert by otiheir vivirriurli Antitnor is briefly introduced Author

N77-11223# Navai Surface Weaponsl Leirriti Whirtre (nk. Mr! N77-11225# Royal Aorircaf Emisblr~irrrenit Bedford (England).
APPLICATIONS OF THE IAS91111 DOPPLER VELOCIMEFUrR THE APPLICATION OF A LASEN ANEMOMETERt TO THE
TO MEASURE IUBSONIC AND SUPERtSONIC FLOWS INVESTIGATION OF SHOCK-WAVE SOUNDARY-LAYEN

INTERACTIONS
Wiliairn J Yenta arid lunriienimiiJ Climri fir AGAIIO Appi rti 1. F. East In AGARD AppI of Non-Intrusive tialsi iii Fluid
Nun-Intrusive mano in Flturd Flovy Pons Mary tidfl 8 1 reut Flow Fleat May 1976 10 p tifs iF-or primary doctnienrit snea
lFor Irrritnay dlocuinrri usee N77 ff22 1 012 311 N77-f11221 02-31)
Avail NTIS HC Altl/Mii AOl Avail NTiS 14C AI4/MF AOI

Meesuiemenits with a Leaser Doiiliri Vrolurrraieii ILOVi Uirinri A detailed invastigatiori of this intiteactrour region of a normal
thre differsential Doppler ar frinriru tviltr of uptircar .yitm Wittr eur shock wave and a twor-dimensional turibularit boundary layer as
marie ini astanelyf St suhucnic aria oiperiotnirc: finwitirIre ririiriuatiiii drcfies ed. The riareasra rnaits were ilado with a twoi crmnipeirrrt

.................
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loser snemnisrnter operating in the Oopplor.,ilfterence minda and statirtiorri quantitites are computed in an urnbiasetd tallrrir throughl
in backovattvr The det13ils of the instrument and the rmethod or IliauwUS of time integrals. For low moomn data totes sidtistrcaI
analtiring the data ar. described. Shock wave boundary layer, quartilltim can b~i computed In teirm& of ensemble avoiagaru whore
interactions with upstreanm Mach numberB o.l approklimattily 1 3. eachi event fit weighed by the probability of its occurrernc.o. the
.1.4 rand 1 64owr,re 3tudisd. The rests were made in the PAL latter method will usually reqluite a slrnultatienus measurementl
It1 311 tunreI air lie floor of the working section which was of at lbast two of thes lhrst velocitycmoet.fasnl

modified to be 915 min wide by 762 mm nigh The volocily p.article, and possibly all threer rleponding ori the shrepr ol the
and its direction wert measured at about 1000 poimni Both local voluire Threow teclrriquimnr allow rellabler nrsnsuiemerrisi
the complex invisuid Interaction region of the flow as wall as lie extracted from the data iii cases wherer thle stiatterrrg parine
the boundary loynri were investigated and an attempt war, also irumber density is uncurrelaisd with ltme local velocity vuetor
macin to nsimae IleiuraOr"ffitil in the toperatsii flow Thuemiriphiasis Other topics dislcussud include h8l minim urn sampiling rota
is onl ditrrrorlistrtiOrr Of tIlia cairebililinra of trs lover anmrcmirisrsmt inqluired if time nemiUialb amni iisrd tom conrputs trvsragmr and if
rather themn rmtsrprirrat ion of the fluid mache rics Author mu spectrl informaiona10 i% drsired-(h fItrocitincy respoitst (if

oingle enisttering particle Issue Doppler velocity. Mi apparentt
turbulencer duo to finite extent of rreasurement volume and

N77-11227# Kent Unit.. Canterbury (England). Phyrsica Lob. curvature of velocity space correlation at the origin, and (dl
SUPERSONIC VELOCITY AND TURSULENCE IMEASURE. flows far which laser Dfoppler vuloolonetry nray not be a satiafautory
MINTS USING A FA9IRY-PERO111T INTERFIROMETER measniremont method. Author
0 A Jacksonr and P. L Eggins In AGARD AppI. of Non Intrusive
Inetir in Fluid Flow Maes May 1970 13 p raef (For primary N'77.1 1231 # Royal Aircrarft Establishment. Farnhotorugh
document see N77-111221 02.31) (England).
Avail- NTIS HC A14/MF AOl DEVELOPMENT OF PHOTON CORRELATION ANEIMOMI'

Toe laser Doppler technique In which the frequenrcy shiftin I TRY FOR APPLICATION TO SUPERSONIC FLOWS,
*analyzed using a high resolution confocal Fabry Pefrot intaitferomo. J. a Abbiss /it AGARD AppI. of Nrori-IntrUbive 11116r in Hild

tar Is discussed Deatails of typical optical srrangementli are given lwRw My¶7 1pita(o rneydcnem e
together with the associated electronic instruiviontation used for N77-1 221 02-31)

* ~~~data collection and sligirl processing. Exporimenital results are AalNI CA4M ~
given for measurements made in a wide variety of experirmental *. The davelopteoti is desicribatd of a l[sert ineiromoetu based

SiutosInniuding flows with interacting Shock fronts. turbulence, on a phioton uorreletor for extesirmental appilcatiuric in trarisonlo
an ag eoiygradients Author snti supersonic wild tirnirnis at tlto Royal Aircraft Eblatjlishlmelnl

Thu equipmetnt was desigrred to operate with a differential Doppler
N77.122# IisliritFraco.llemnd o Rr~hrclrs. I Luisoptical systent iii the bdickscuattrr muods In order to mininilto tire

IN77124ancetFrnoAlmadd ooiths.S oi problems associated with itriavering mind alignment. the light
RECET APLICAION OF lOP HE ASERVELOIMESource is ern aigoition laser which can be operated simultannurerue

TEC ESUEENTAPLCTOS OFIN LO T HRU EN FLOASE VIALCIMA at Several traquerniosv in tire visible slirtfulum. After initial
TERON[S RECNTENS, LINI OK RLAN FLOCWS1I tPLIASE aexparimorits with err uirsaeedii laminar flrow in a small last Section
AUX MEURS DICNIANEIMO LE A C LOUEMENTAS TUSRSU at Mach numbers up to 2.5. two component meiasurenrents wars
LUENTE) A$ R tOLKITST~ made on tle flow arounrd a cuion at iaro incidenco in a lamiena
X.T6 ousnAAIDApofNnituieIsh rFliFlwSupersonic airsttisan For these Osporlininle the ulrcimr lines at1

X. SuleIn GARDApp ofNonintrsiv Init i Flid low488 and S 14.5 nanomneters in tlia loser outPuit worm used,
Res May 1976 12 p roef In FRENCH;~ ENGLISH summary together with two Doppler diiffeience optical mystemns sund %oerarte
(For primary diocuiment see N77.1 1221 02.31) detectors. Controllud seeiding with rmeirnrtrwived partices wait
Avail NTIS HC A14/MF AOl rvddtya i ilgeeau.Tervli ftotfepriins

Introductory remarks deal with tire accuracy and space/lime provided wtry anoil obstainrerawur. The resutis oftrice speirrernt in
resolution wihcnbatandwt Dsytm inurletturbulent supursorio boundary layer, tine preserited Thre priinoilles
or high-velocity gradient flows Some examples are given of the of the photon iorrelation niethiod are discussed and counsideration
possibility of obtaining turbulent spectrum. outocorrelatiorr, arid is givetn to tile experirmenital criteria which sliould in be tra iii
slimultaneouis rmeasurementns of two velocity conmponients. Already, order to facilitate inltrpretatrirof titIria utrrciralrrtitir fu.iiclion.
thro soiiw methads give valuablem information onl transonric or Ario
heated flows In tIria piakent phase however It Is essentlial to
strongly increase data rates end processing when time uorrelations
ars requested Author N77-II232lil Edinburfgh Univ (Scotland)l

MEASUREMENT OF PERIODIC FLOWS USING LASE R
DOPPLER CORRELATION TECHNIQUES[

N77.111229# Von Korrriaii Inst for Fluid Dynarmics. RftodriiSantr. F H. Berne&. 0 1 Dauipota, 7 5 Durrnim (Southhamptoicn UnIV.
Donets 110otlunurnl EngI ), I Grant INapier Coll of Teali . Edinburgh. Scottlnirnd. mrild
ANALYSIS OF THlE OUPUT DATA OF A LASER DOPPLER C A. Gloatedt In AGAIID Appi of Nor-inlrrtrusive Insti mmt Fluid
VELOC11IMTER Flow Itos. May 1976 10 p rtsole il ri Inimiy dlocitirert %see
M L Riethmoulier /ii AGARO Appi of Norm-Intrusive Irishr. lin N77-1 1221 02-31)
Fluid Flow Hass May 1976 I1 p IFor pirimary document sees Avail NTIS HC A 14/MF A01
NI Y. 122 1 02-311 Thre applicaticni of photon trorralatiori nietlindi to the
Avail: NTIS HC A14/MF A0l measurement of Nirrilsmnidally tjluictuetinmg flow% is describued It Is

Laser Doppler Volocimater monsurarrnenls ii gas flows require showni Itat with a laser D~oppler optical configuration tho
as low a rseeding as possible. Such conditions can only lher correlation funtonlr for thle Dopplir Signal is periodic with tero
accomrmodated by period counters. These instrunment% have to oider Belssel futnution dfariping and that tire amiplitude of tire
process a signal with low signal to noise ratios. The smaller Ilia velocity perturbation cart easily be determinred by locattinig tile
nurriber of signals, the lower the SNPI These processors have piositiorn itf ztou of tIlia esert) functioni For a twu beonm
built-in noise rejection devices. One of thorn is a coniparator configutration. thin cross correlatioin functiori is a distortdl forim
which allows a selection of signal orr an amplitude crirterionm of tire veloirciy pilmbbhiity dsrsily funtriioni Esputirinetl wotrm
The response of the period counter to variable comrparator or jierfornirrd in a low turbulence wind tunnel tii thle wake of a
trigger level is analysed and a systematic procedure is proposed circular cylinder usiirg phrotont countirng techniquers for the Doppler
for its adjustment Author Signal analysis. Tlire results of these armnperiiurts, Shroiw the

chmaractearistic formrr taken oir by Ilime cu reintiunr fuinctionrs Ii thlL

N77 .11 1230# Caiuitur iiiii 1 net mitolec . Pasoadrtra Durlit. r.f different locat ionrsa Meausure menrta ofI voalou ity putierI atmi in
Aviorrsuticir amrpliruulus obtantarer li vir~ual rrrspucrurr (il [ln mifir riroluiraionn

agree well with hot wirir rirsults A cuirvu titlinU llionduiliti to,
SINGLE SCATTERING PARTICLE LASER DOPPLER torior aecurate evalualiori l Oftile flow paramurinins is duciim bodiin
MEASUREMENTS OF TURBULENCE Aullmuir
Paul E Dirrolekis /ii AQtAHt Aplil oft Non tnaitisiimvim Irish lin
Fluid Flow Rita May 1 97t 14 p rlts [For urInaryt ilocitirerit
see N177 11221 02-311 N77.I 11 233# Gesorge Wmastirngtorr Unlit. WaninIiitoni. 1) C
Avrilt NTIS HC A14/MF AOl School of Enginoeering sridl Applietd Sciences

Data rirructiori tmichnitriluitm ito demscribedi Io r:irrunirvurit tile OPTICAL MEASUREMENTS OP THERM ODYNAM IC
problnros fit riridoini. biased samiplring of singlir, scattering palirrlrdr PROPERTIES IN FLOW FIELDS. A REVIEW
latter Driplmlr virlociry rneafurmtrninrrrlein turbulentr low Twon R Goitlard fii AC3AND Appm l ofNrn Intrusive lnutr tii Fluidr
chiffurfnot nierhuda aren uhrairnieoila For high risen clatratroes all Flow Hirts May 1 976 18 1) uI~s I(For lirri nary doumeri rihiriciiii
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Avail N1'IS HC A14/MF A01 Tho itvultifig Patternsr ot fluoresooncit may be analyzed to Yield
The state of the art in optical measurement etornhiiu III Ilpainally resolved Information on flow velocity. deiisity, and mobss

p. . high temperature flow is assessled Several forums and workshrops transfer lInformation may be recorded on TV tape. photographic.
were held on the subject in 1974 and 1975 A number of 311y. or triorritored filing focused optics and a photodiode defector
review papers ort specific tecthniques appeared also durirru this Several examples aim described to illustrate the (nithoct, main
period. This review discusses the performance criteria of interest trarisfir tietween rt xerrsitbnl flow and a region of separation;
in gas dinmics and evaluatmes the various existring or proposerd vreuah-alrotiofra axiliymrmetric starting vorticies; location ot
techniques In the context cot their use I" basicnd ait pplired ltribilurri rrratiactirrint pointsa. and instability models of confined
configurations Author clot Author

N77-11234# Office Natroriril dtEtittes or it ulourr 7.11~# Oic ainldiuo fdo Flecharchos
Aerospatialus. Paris (Fianrce)l7 13# OfcrNtoa 'tdma oRcaco
LASIER RAMAN DIAGNOSTICS OF AERODYNAMIC tFLOWS Armrruporirulrrlr. Purib IIIrrc
AND FLAMES CHARtACTERIZATION OF NOISE SOURCES IN HOT JETS
Stilv~ Eruet, Robert fletllry. Michel Posalrr, slid Joan-Pieria Tasrart mY THE CROSSED REAM TICHNIQCUE ICARACTERISA.
In AGARD Allt of Non-lrtrtuslve irntir. In Fluid Flow Res INDSSUCSD RUTDN E ESCAC

May 970 12 rue InFRECH,~N0lSH ummry ForPAR LA TECHNIQUE 0ES 19AISCEAUXC CR016961
prMary documenp tt se In7. 1221CH 023 LIS sumayFarriarno Perulli, JeamnFrarrcols De~lulivet, and Jean Meulard lIt
Ariaily NTcISml see N77/M 11210.3 AGARID AppI of Non-Iintrusive Insti. in Fluid Flow Seae. May

Spontaneous Reman Scattering ISRI fis used for nonintrrrrrilvr 981 asI RNH EGIHsmey(o rmr
pitcnet atinfnd temperature mneasurements in gas floll documenrt see N77 11221 02 311)

and retatile media. The train properties of the methord arid talMI HCA41 AO
some of its typical achievement are reviewed, A second techirrique, The sounding of simple or coexial, cold or hrot (ree jets by
coherent anti-Stokes Raman scattering ICRII was ulevatuper optical systtotem is mabe up a measuring meeins external to the
and Is found superior In the area of luminosity. An account of rmedium Investigated. Mere especially, the use of radiometers
the limitations and of the field of applications of CARS In given measuring Infrared emissions gives access to spatio-tomporet diale

Author thrat arfe tighrlyv coupled to turbulence parameters. Those data
rvin be obtained byr crossed beam techniques. The physical

N??-1 125# Ietiut FancoAllmair de ecliretes. I ois nrearnirig of tire signals Issued fromn Itr radiometers, as well asIrncel.31iIstttFac-llnadd ahaceS oi their intsrprotatiorr afote processling aire discaussed slnd compared
LOCA MESURMENTANDPROORTINALIDISITwith thorre obtained by other types diagnostic. lit spite of theLOCA MESURMUN AN PRPORIONL DNSIY ditficulties pertaining to Itre optical system and to the croused

or GASEIOU8 PLOW BY RAMAN ANTI -STOKES COHERENT lisairn measuring techrnique, illis shoewn. as a conclusion. thrat
SCATTERING IMENURE LOCALE IT CONTINUE 09 LA this meithodology does, In sorme preise clases reach its objective:
DENSITE D'UN 1COULAMINT OAZIUX PAN DIFFUSION to ahnttarcleoniac se sources. AuthorCONI4EENTE RAMAN ANTI-S1TOKEIII
A. 14i11h Ifl AGARD Appl of Non-intrusive irrstr lit Fluid F:low
lie May 1970 7 p rofa In FRENCH; ENGLISH summary N71-11239# i'riricson Univ., N.J.

,i. .~~~~ , I~For' primary document see N477-111221 02.31) EOATDPLE EOIEE
Avail. NTIS HC A14/MF AOI e i Richard 8 Miles In A~iARD Alli of Nnn-Intrusive Iinsh. InCoherent HAiman Fcattering offers nwpossiblitlies frFliud Flow Roo. May 1076 6 p rafs IF-or prinrary document
measuring concentrations find tonpimpatraftue In gee flows. ThisnijN?1210.1
technique wasl achieved by meana of sir original apparatus using Akid NTIS H-C A14/ MT A01
two CWV lasers us excitation sounues., This allows the nreasuremenrt Rtesonrancre flcroresfceiiun Is a potentially useful tool for studyingof locai density fluutrumlons in a flow The experlinmienta hypoirsoinio flowing gases. This paper discusese the measurement
arrangement Is described, its performances are anelyfled Ilemporel of vorirreitre and doinioristrates visualiaafionn techniques using
and spatial resolution). lirritations of the method are studied audit nr seeded Into helium flows. A narrow Iinewldth dye laser

ithe later emission Is disturbed when the flow Is inside the is turned unto the sodliurr resonance line. The Doppler shift of
cavity), and further Imiprovemenrts are proposed. Tire first results habfil rqlocyedst voiyP1114,Adteobtained with a N sub 2 flow are presented Author theaborption froiesun yireldsfthw vesaloistypofi n. O therfo
N77-11 1236# Princeitoni Univ., N J. Gas Dynamics Lah properties ouchr ae the turbulence fiequnency, tempeirature, efri.

THE ELECTRION BEAM FLUORESCENCE TECHNIQUEnaalob risredAtr
APPLIED TO HYPERSONIC TURSOULENT PLOWS 1171141 Pru nvLaaet.It. ApidOtcJerome A. Smith and James F Driscoll IMichIgart Unriv.i hri7-14# Pru nvLfaetIt. ApidOtc
AGAHO Appi of Nion-Intrusive Instr. In Fluidi Flow All May Lab.
1970 10 p eota iFor primary documeirt suev Nf7-1 1221 02-311)RNEMIEFURSEC EOIER
Avail NTIS HCA14/MFAOI Warren -I 'ittverrson. Rteginaido, OusSantos, and Stephen C

Several fectors concerning ttre use of the electroir boorr Mettler in AGAIID Arnrl. of Non-Intiuaive flair lit Fluid Flow
fluorescence technique to malte tinra resolveri derroity vird Ron. May 1976 Op rats IFor primtrary, documnent see N77-1 1221
tempirerture measurements in relatively high density turbulenit 02-31)I
flows are discussed, Expeieruce derived from a recent study of Avail: NTIS HC Al4/MF A01
a M 16 .3 adiabatlc tunnel wall boundary layer in helium it A miodifield techrrique in whlrrh the standing electiromagneatIc
used to outline many ufiffirrqlties to be encountered in the field Induces a timu varyintg fluurereuvirt emission froint liquid
application of this broad bandwidth, inonintrusive technrique to droplerts doped witht a suitable organic dye Is described. The
atudy trypersonlo turbulent flows in genreral, Collision quernching, fluoesIcience nons ight ofin athenefofe wavelengthsedb no filternattenruatron and other beam broadening effects are described, It theinhbciden ltrrr linet waridengrhrefhre can sigifpansedly amfilteradditiorn. data arralysis procedures often vasymmetricallyr distributedwhcblcsi aeravent.Tscnsgifatyimre
about the mrean fluctuations are discussed. For exarrple. evidencec the signsil to ruev ratio or rillowi signal detection only from

is Iakented to ahllrw Ithat moan Internsity data does not provide those particle,. o'1iiriratmly added to the flow. An extensive study
intrmi flw popety nfomaton n gnerl. rimry mphsisiswas carried a.. I determine factors which influence the quality

on resultsr obtiained in helium with recent work by others In airolhlloeurc inl heefc fdecnetaini
and inirrogul, flows cited, especially where differences evist, the solvent and other arinvlronrnentsl factors were Investigated.

Author Data obtained to date Indicate ithat the fluorescence signal is ofthe same order of magnitude ask the scattered light signal ontly
N77-11237# Massachusetts Inst. of Tech.. Cambridge. Dept. In the case of a backacattur system Author
of Mechanical Ertgineerirng
QUALITATIVE AND QUANTITATIVE FLOW FIELD VISUAL- M77-11241# Doutsrjhs Forsahungs. urrd Versuchilenstalt firter
IZATION UTILIZING LASERIIII-INDUCED FLUORESCENCE Lufu-. und Hluftaunfrr o.V, Linder -foete (Want Germany).

THE LASGR-DUAL-FOCUS FLOW VELOCIM11T3711111
C Furbt.. Dewey. Jr In AGARD AllI of Non-Intrusivei lnst. R. School In AGARD AllI of Non-Intrusive lnstr. lit Fluid
fti Fluidi Flow Rum. May 1975 I at F-or primary dtocument Flow Res. May 1978 9 p role (For primary document isee

Avail: NTIS HC A 14/MF A01 Availl NTIS NC A14/MF A01ILiquids Or gases11 containing fluorescence molecules nnay be The use of a low cost rotating radial diffraction grating as iastirrulated itt a spatially controlled mnnorrte by the use of a laser. beam spiliting ftequency %hifter for operation In laser Doppler
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volocimetatr systems is discussed A high efficiency phase grating flame was obtained with a 20 mmn inner diameter tube burner.
Is used that can be exposed to high power laser bearnir. A A disc of the some eulerrrei diameter wait positioned. coasiallir,
compant optical design Is described having a grating disc with 30 mim higher on the burner mouth. Both the iltuations, where
a diameter of 35 mm antd a line density of 166 line pairs per the blurt body is only an obstacle genierting a wake end where
m~m Several optical arrangemanta, operating as well in the fringe it acts as a flame stabilizer, were analyzied. Flame front
mods as in the refeirence bourn mode, arc studied. The advantages crossing, in leminur premised flames. was also carefully analyzed.
of these arrangsmentt are ilire simple setutp and the onto of Experiments were carried out by means of different LDA signal'
optical aliginment. which becorrte significant for the two and processors aird in different conrditions of scattering particles. Both
threp compoonent systems. Auithor the mean and fluctuating velocitiest were measured In the xhial

and radial directions. Tire oanlyxis of results was rnot lIntended
N77l1 1242ff Tucirniscrh Phvsisch Doenst TNO.TH. Delft to a flame structute discussioni, but rather to a critical exanilnation
(Nethesrlands) of IDA mneasuremnents iii connaction with soirre specific problems:

THE SE P ROATIG RDIALDIFRACION RATNGSparticle behavior. turbulence effects. resolution of turbulence
.ntIN LASER DOPPLER VELOCIMETRY fluctuations. riniirmum particle concentration, performanices ofTtJ 0ldangariui In AcIARD Appi. cf NoniInfrusive mInsi iii Fluid diffaisrif LDA singral procesvor Author

Floiw lRes. May t1976 0 p refs (For primiary dcicurnarrt sea
N77-f 1221 02-31) N77.111124114# Neticiral Gas Turbine Establishment, Pyastock

k IAvail NTIS HC A I4/MF A01 (England).
The use of a low cost rotating radial diffractiorn grating as a INVESI11TIGATION OF A V*GUTTIER STABILIZEND FLAME BY

beamr sptlttinir freqtuency shifter for operation In laser Doppler LASER ANIEMOMETRY AND SCHLIEREN PHOTOGRAPHY
velocimeter systerni Is considered. A higfh efficiencyV phase grating

* Is usied thrat can be exposed to high power laser beams. A H. Clora. D. F. 0. Durso (imperial College. Londonl. A. Maelling
* compact optical design is described having a grating disc with [Imiperial College, London). and J. H. Whitelaw Jlmperial College,

a diarmeter of 35 mm and a line densify of 166 line palts per Lonrdon) In AGAIIO Appl. of Non-Intrusive Instr. In Fluid Flow
mmn. Several optical ariangenments. operating as welt in the fringe Ries. May 1976 10 p refs Vor primaryr document see N77-11 221
mode an In the reference moda, are discussed. The advantages 02-31)
of these arrangements are the simple set-up and the ease of Avail: NTIS HC A14/MF AOI
optical alignment which become significant for the two and Laser Doppler anemometry was used to study paremised
tirree component systems. Author propene air flame*s tabilixad on a V gutter, both In smooth

combustiotn and In buirs. Axial velocity rmosuamuerents In the
N77-11243#f Atomic Energy Cormmission Research Establlish. wake of the gutter were made in an isothermal flow and In a
mient, Rise ( Denmark). Electronics Dept. combusting flow to examine the Influence of combustion on the
THE TIME.OF-PLIGHT LASER ANEMOMETER velocity distribution Arid lhe recirculation irone length. Velooltisa
L I. Lading In AGAFID Appi. of Non-intrusive lnstr. In Fluid outside the wake hr a r'oderatim buzz condition were measured,,

Flowfle. My 196 2 p els ~orpriary ocuentaesbut velocity pulsations corresponding to the rogulat fluctuations
N'77-11221 02-31) In static pressure obberved by means of a pressure transducer
Avail: NTIS HC A14/MF AOl mounted In the duct wall could not be detected by the technique

Tire time of ftight laser anemometer Is based on measuring used. A seParate study using high speed cin. schlleren photogra-
thea time of flight between two small volumus in space by phy, has revealed cyclic varlatIons In the flame stractunte at the
correilation techniques. It is shown that this anemometer can same frequency as the observed pressure pulistlonm, Autihor
generally give the sante kind of Information as can be obtainedi
with a laser Doppler anemometer, and that in seine specific
casses the space limet resolution is even better than for the laser
Doppler anemometor. The uncertaintiesaon the measured values N77-11247#f United Technologies Research Conter. East
aer discussed lIi relation to tile statistical properties of the Hartford, Conn.
measouring system and aignal processing. The effects of spatial SIMULTANEOUS LASER MEASUREMENTS OP IN.
and temporal velocity fluctuations are analyzed. With the STANTANEOUS VELOCITY AND CONCENTRATION INanomriiaater lIlaI possible to obtainr a particle size versus particle TRUETMXN LWvelocity spectrum. provided that the particles are larger than TURBULwenT MIIn GAR APLOWS Nn-nrsveI I lithe focual beamn diameter* in tiria flow ditectionr. The anemometer Plo K. s Owen 178 A R Api refs Norpr~tuivar docueirnt aluiwas uimed for mneasuremrenats in a two phase flow surrounding a N7low 22 l 0s2ay-3611)ef a piay ouen esimulated fuel rird. The configuration wan also used under N7l12 21

eteeylow light level conditions Ian average number of Avail NTIS NC A14/MF AO'l:x~temlyA iotrporiurbing capability for the sirnultasecus, localphoton counrts less than oire per transit through one spot) to mreasuremrent of Instantaneous velocity and concentration weerniesure gas velocity. Author desamloped and is described The technique Is being used In the
atudy of turbulent mining flow fields and Its application Is Illustrated

N77-11244#f Ruhr Urriv., Bochumo (West Germany). by imeasurements obtained In tfit initial mining region of two
CURRENT PROBLEMS OF OPTICAL INTERPERIOMETRY confinred coaxial lots Author
USED IN EXPERIMENTAL GAS DYNAMICS
Wolfgang Mosrzlirch In AGARO Appi. of Non-intrusive lnstr. in N77.11248#f Brown Univ.. Providence, Ri. 1.
Fluid Flow lRes. May 1076 11 p refs JFor primary document A THREE-COMPONENT LASE R-DOPP LER-VE LOCIMEIERN
ste N77.f11221 02-311
Avail: NTIS HC A14/MF A0l T Guinnar Johansezon (Chalmers Univ. of Tech.. Sweden)l. Lors

Optical interferomatry is surveyed for Its role to deliver F Jernicvist lChalmers Univ. of Tech.. Sweden). Sture K. F.
quantitative values of gas density end concentration when applied Karleson, and Nils Froemuling (Chalmers Unis. of Tech.. Sweden)
to gee dyinamic wresaurenrentsi. It is shown that opticel In AGARD AppI. of Non-Intrusive lnstr In Fluid Flow 005s.
iiteferometars can be classified into two groups. according to May 15176 4 p (For primary document see N77-1 1221 02-31)
I ir ability to measure either the density directly or the density Avail NTIS NC A14/Mr AOl

gradient Eimphasis is piaced on two major problems: the The development of a three component later Doppler
evaluation of interferograms taken of three dimeinslional test velocimeter is described. It utilizes four Incoming beams which
fields, and tii correction for light refractiomn in fields with strong are ali frequency shifted. Three of the beam propagate in one
refractive Index gradient. Author plans and form thrree dual beam arrungements. Two, of these

are used to nreasure two Independent velocity components in
NII-1 1245ff Politeatiuco di Miiano (htoiy) this plane The fourth beam propagates outside this piene and
PL6JW FIELD IN rHE WAKE OF A BLUNT BODY BY LASER form* together with one of the first three booms a third dual
DOPPLER ANEMOMETRY beam arrangament. whinir ncsourems a velocify component in a
F Cignoli. A Coghe. U Ghzzil. and S Pasini In AGARD AppI. direction out of tite plane formed by the first three bearns. The
of Non-Intrualve lnotr. in Fluid Flow Res. May 1976 I1 p freqjuency shifts are chosen so that three silgnals can be
rofe (For pritntary, document see N77-1 1221 02-31) identified corresponding to thres independent directions. The
Avail. NTIS HC A14/MF A0`1 systemn is to tite tended to measurements in five ;Joints simulten.

The flow field in the wake of a blunt body was investigated voutly., The signal is fed Itro thtee phase locked loops and the
by loser Doppler anatnoametry. The cold flow and the Raow with frncjuencies generated by their tocal oscillators are counted.
chenrical reactions was conrsidered in order to determine directly ounrrpisd dligitirily end stored on magnetic tape for later processing
tile combustion Influence on the flow field. Promised methane-air onr a digital computer. Author -
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32 COMMUNICATIONS N74-31611 Rice Univ.. 32atn Com MU IAINPARAMETRIC INSTABILITIES IN TOMf IONOSPHERE
Includesg land end global communications, comrmunications EXCITED BY POWERFUL RADIO WAVES OBSERVED OVER
theory; and optical comrtunicatiorns. For related information ARECIBO
mo also 04 Aircraft Comrrwnrlations and Navigation and 17 W. E. Gordon and H. C Carlson (Arecibo abe.i In AGARD

SpccatComm~runi/cati/ons. Commanurd and Trackinrg. Nonlinear Effects in Electrornagnetic Wave Propagation MayjSpncece~r1974 17 p refs (For availability ass N74-318112 2t-131
Enhanciemerts of various features of the incoherent scatter

N74.20989# Advisory Group lor Aeroapace Research and op~ectiini are obsorvid vwirn the ionosphere Is Illuminated with
Development. Parls (Franca) powerful, high frequency radio waves The radio waves small$
STANDARDIZATION OF THE PRINCIPAL ELECTROMAG. plasma Instabilities ltraducing lines or mars cijmplex spectral

NVITC SYBOLSfeatures near the local plasma fiecitiency, at the local ion-acouetic
P Halley (Contre Nall d'Etudee due "flalcomun., lssy-les. frer~ionriy. near the local gyrufraquency and twice the gy'oftre
Mouliireauxl Feb. 1974 30 p in ENGLISH and FRENCH (jrmt 'the arirancernents occur in a thin slab as observvd by
Revised the Incoherent scatter radiar and at both upshif tad and downsnifted
iAGARD-M'B76-Rev-11 Avail: NTIS HIC 4.50 frecousances with respect to the probing radar frequency. The

Standard notations. symbols, and unite used to express enhancements are observed to vary with time when the high
dlimensionliess values or nunrberaa which pertain to electromagnet. frequency lianemitter that producys the redlo wave exacitationt is
teim are listad. E.NH.W. held at constant power, and to vary with time as the highfrequenicy transmitter is turned on or off. Author

1474.31813# Advisory Group for Aerospace Research find N74-31319'1 Norges Tolknisker Hoogeolels Trondheim.
Development, Pails lFrance). OBSERVATIONS OF ENHANCED ION UINK FRE1QUEINCY
NONLINEAR E111ECT11 IN E1LECTROM101111AGNiETI wArS SPECTRUM DURING ARECIBO IONOSPHERIC MODIPICA-
PROPAGATION TION EXPERIMENT
May 1974 397 p rafa Presented 4t Electromaignetic W91ve I. Hagfor# and C. J Zominutti /hr AGARD Nonlinear Effects Iin
Propagation Paeal Sympa, Edirnburgh, 12.15 Nov, 1373 Elaritronaimanstic Wave Propagation May 1974 13 P refs
(AGANO-CP-13111 Avail! INTIS NIC $23.00 Spionvared in Part by NASA (For availability arts N74-Vt 12

The excitation of parametric Instatbilities In the ionosphere 21-131
afrd their alffcts on radio wave propagation are considered, For tire Arsecibo 430 MHz incoherent scatter radar (ISRI was
Individual titles, see N74-31613 through N74-3111144. ursed to itrimritor the effects of modifying the Ionosphere by a

high power HIF transmitter feeding the 305 m reflector tintannii.
When in the ordinary magnotoicrniu mode Parametric instabIlities
deaveIup, in the Ionrosprhere near the reflection level. Manifeostatoions

* I 74.3E13 o.. assof thoee Instabilities are the strong enhancement of LangmuirN43 13Raytheon CoSudbury, Moe osrioletons in the direction of the ISA beam 4t m wavelentgth of
* ,INTRODUCTORY SURVEi POTENTIAL APPLICATIONS OF 135 cm and thre simultaneous rmuich weaker enhancement of IrrIONOSOPHI4InIC MODIFICATION TO AERONOMY Oscillations in that direction. The spectral analysis of the enhanced

Gerad Mltahr AAJ~ Norii'eeiEtfolsin iectonrlrlicpstsk with a height resolution of 2.4 kim show% that the IonicWave Propagation May 1974 26 p refs (For availability one mode enhancement moat often his a double humped frsquency
Ioo7 hei4hatn3b pwat12arl wae hod proW) sjeatrurni corresponrding to up. end dowrr-guinig Ion acouisticifoor lsphingu newstehiusing thpoeru aeronom waeofd 0, E and waves. Ihe 11hape of the frequency spectrumA Is Interpreted Intfo salshn o ecnqe nthe aberoe hnomena . andci 'rmsrri of N stable oscillation which is driven by a secondaryF-rayions, This survey reviews th imne hmrin iia-oeularustatlo field caused by nonlinear Interaction of Lnannguirstud with absorption of HP waves in the context of presurint virivas within a cone centered an the rnagrretic field and by the

theoreticel undesratrnding of plasma temperature and density scattering of the pump field on stable Langmiuir waves travellingchanges, enihanced visible sirglciw enmission and parametricln h drali fth S.Atoexcitation of plasma waves. Cooling rates anid electron thermalninthdreitrofte14.Ahr
conductivity are attainable trairt optical arid Incoherent scatter,
rneesurementnr of lt.e spatial and temnporal ahargep In eiectron
temperature. Cross modulation experiments or partial reflection N741-11817 National Oceanitc and Atnmospheric Administration.
techniques could be used to simultaneously riesaura theme Bloulder. Colo. Environmental Research Labs.
changes from which thes ambient effective recormbination rats ONSET, GROWTH AND MIOTIONS OF IONOSPHERIC
and its elelctron temperature daopendertos could be lrrforr~d. The DISTURBANCES CAUSED BY HIGH INTENSITY ELEC.
decay of sntrenced virgiow yiaido an estimate of thri quenchitig TROMAGNETIC HEATING
coefficienrt erid hrerrce the rteutral density provided the Intitractivin J WN Wright Ini AGAliD Nonlinear Effesiji in Electruomgnelti
Is a ilocal rite. the decay of erthanood piasma waves measures Wave Propagation May 1974 17 p refs (For availability see
the electrorriort collision freqiuertcy at rnightr and the pirotosiectroir N74-318112 21-13)
filux during tite day. Supe rtlirtetrial plasma wave Intensities also At an observing location 48 kin from the Platteviile (ColurAdo)
act ats a tracer ot durisity, irregulartites anrid pleartia drift rilirne high Intensity FIF transmnitter. multitrequency specad entenir
pararrirttric pumping sills over a vary irarrow rrsrrgr of altitudes rtigillited observations are made of1 the corirpl-ia rmplitude

Author variations of Ionospheric echoes arttenna iligititeri obeeirvatlOns
aro moed of the conmplex amplitude variations of ionospherki
echoes of pulsed transmlossionrs by the Kinesonde. Clioracturlativ.
ally, all measurable arid derivable~ quanlitlee of the echo signals
develop irarired uhangtes with altitude dependent delays following

N74-31414 Institute for Telecommunication Soleness. Boulder, k sub P lumn-n Transient plionomena resulting from briefE
Colo, sb P transmiesioris are Illustrated, as are somes Ionospheric
INTRODUCTORY GURVS~i A SURVEY OF IONOSPHERIC rrtutiorre whichr amppear to develop it rosponaes to E sub P. Seorerai
MODIFICATION EFFECPRTS PRODUCEND MY HIGH POWERN of the diagnostic tachriiqurra demonstrate a desilrabl high
HF RADIO WAVES sensitlivity, to the ionospheric modifications which occurs, but
William F. Utlaut In AGAFID Nonlinear Effects iii Electromagnetic their irnterpretaition Is sometime far front ntriaghttorward. Author
Wave Propagation May 1974 17 p reft (For availability ate
N74-31912 21-13l N74-31819 Stevens Inst. of Tech,, 1-icbokrn, N.J

Experiments with high power, high frequency radio waves, INTRODUCTORY SURVEY TO SESSION ON PARAMETRIC
have proviso the feasibility of temporarily altering the lonospherees INSTABILITIES, LABORATORY EX PERIMEN TS A ND
properties. Many different radio and photometric effects hawe THEORY
berin obeerved as a result of the Ionospheric modificationt. A George Schiniidt /ir AQAFD Nonliriaar Effects in Electroniagnetic
survey is given of smem of the effects obeerved near Boulder, Wave Propagation May 1974 5 p rets Sponsored In psrt by
Colorado which are produced at Itimes when a 2 MW facility is AEC (For availability suea N74-31612 21-13)
used to Illuminate the overhead Ionosphere. Effects to be discusaed Parametric Inetolbilitiuna produced by elocitromogrumrtisrwoe
Include artificial generation of spread Pt. sky mapping of the propagating In a magnetic field free Plasma are reviewed, The
perturbed Ionosphere, wvidebaond attenuation of diagnostic o-mode discussion Is based on the use of the pianderrmamtiv force as
waves, 0300 A and 5577 A photometric changes and Oteogion the balsi physical mechanism responsible, for these Instabieltes.
cross modulation phenomena, Author If the plasma Is bounded the threshold power Ie noneoro oert
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in the absence of damping, and may be the dominant factors In in which the effects A turbulence are de~scribed by a stochastic
determining threshold and growth rote values, This threshold for wave diffusion tenser. Both Fresonant and resonant broadened
stim~ulated Roman scattering Increases In the presence of plasma wave-particle Interactions. as well as thre angular dlictribution of
density gradients, while temperature gradients have a simria Langmuir waves, are important. The kinetic equation Is solved
effect on simulated Brillouin scattering. The finite waroses lati for a steady state by balancing the turbulent diffusion with I
of the pump wave determines the undamped threshold for thes relaxation collision term. It Is predicted that suprotharmnal electrons
filamentation Instability. In a nonuniform plasma stimulated Raime. eyist to velocities as large as the fastest growing phase
bacirecettering becomes very Strong in the neighborhood of M~e velocity Author
point where the pump frequency Is twice the local Plama

frequncy AthorN74-310220 Max-Pianck-lnattell fuor Physik und Astrophyaik.
Munich iWest Germany). Inst. tuer Ext rate, restria(.he Physikt.
THlE SATURATION SPECTRUM OF PAPAMETRIC INSTA.

01743111119 PinctonUni., NJ. losis h"Is Lb.SI LITIE S
N74361S Priceto Unv.,N.J.P~sinePhyscs ab.J. A. Feaor and Vu.Yirn Kuo (Calif. Univ., Ua Jolla) In AGARD

LASORATORV EXPERIIIMENTS ON PARAMETRIC INSTAUIL- Nonlinear Effects In Electromagnetic Wave Propagcidori May
ITIES AND PLASMA HEATING IN A MAGNETIC FIELO 1974 lop (For availability see N74-31812 21.`131I ~ ~~~~M. Porkolab. V. Arunesslerm, and N. C. Luhinant, Jlr. in AGARO Gat G.SO9.Dt S A3S6Recent calculations on ths ricrniirseir saturaition spectrum of
Nonlinear Effects In Electromnagnetic Wave Propagation MoV the parametric decay Instability ars dleacribscl. The initial
C974 atp refs(Fo a1ilbiit se3073)t22113 calculations did not use the correct exipression for thers pontaneous

(Contact TI 1bl)373 nriesilon ternm and were aimed at obtaining the distribution ofExperimental studies on parametric Instabilities and associated spectral energy In the unstable pert of wave, vector space. Results
t. ilasms heating in e magnetic field are reported. The following of those Initial calculations are combined here with the correct

parameptric decay processes are observed: (1) For pump expression for the spontaneous emission term to obtein the
frequencies omega sub o greater than omega sub a. (where distribution of spectral energy in the stable part of wave veactor
omnega sub u Is the electron cyclotron frequency) the parametric sae hs atrciuairaaeblei ob eeatt

esciatin o Bensten wses loer hbri wiesand on couticthe Interpretation of the so called plasma line apectra obtained
waves is observed: (2) for frequencies, omega sub o smeller in Ionospheric heating exiperiments at Arecibo. Pueito Mico.
than omnega tub ce, omega sub o smaller than omeoga sub pa Author
exiternally launched Trlvelpiece-Gouid modes and whistler-waves
have been observed to dausy Parametrically into electron plasma
waves, arid Ion acoustic waves; (3) for omnega sub a approximately
omaeg sub pe. piarameotric decoy into Ion acoustic wavec and N74-31823 TRW Systems Group. 4edondo Beach. Call'
electron pleasms wekas of the ordinary mode of otlectromagnetic THEORY OF 9OUGLE RESONANCE PARAMETRIC EXCITA.
weve pmnpsgurtio' Is observed. Farst piasime heating follows the TION 114 THE IONOSPHERE
occurance of alteforegoing Instabilities. Heasting 61f the main D. Arnush 1Icioshirna Univ.), K. Nishikawa, B. D. Fried, C. F.
body of plasma particles, as well as tail formation an thes Kennel, and A. Y. Wang Ir AGARD Nonlinear Effects in
distribution function is observed. A comparison between the Elect romagnetic Wave Propegation May 1974 7 p refs (For
various regimes is given. Author availabilty see N74-31812 21-13)

(Contracts AT(04-3(-34; F44a2O-73.C.00071
Reieslwed Is a gernerali theory of the parametric Instabilities

in a pleasmas driven by a long wavelengthl electric fieid with two
N74-31020 TRW Systems Group. Redondo Beach. Calif. pump frequencies which lie near the resonant frequency for

MOD:INGOFOONOPHIRICPARMETIC NTIAC.Langmulr ocrcillatiorns. A general dirilpersion relation in terms of
MIODLINT OE UIONSPHEVICE PRMTICITRC linear susceptibilities, Is derived by retaining, on a selective basis.

R. 1. Stenzel, A. Y Wong. 0. Arnush. B. D. Friled, end C F. terms of fourth order n the pump amplitudes. Illustrative
Kennel Inn AGARD Nonlinear Effects In Electromagnetic Wave calculations. apprrrpriate to the Ionosphere, are carried out using

PoiainMay 19?1 lap reatslFor availability see N74-316t2 resonant approa'imetions. A lowering of the net power threshold
21cpr1t3) for instability is found In both cases for E-iayer parameters, Io.,
(Contract F30602. 72-C-0304) when the linear damrping rate of the electronic wave is large

A lage uiesentsteay sate lasa deicehas ooncompared to omnega In addition, In both the E- and F-loyers, a

Aosrce larg exeries entsted stat plasamaevricmoe hcsubeeng coupling between tha decay and oscillating two stream Instablities
construcltedefor experiments on paramideltricmodeai coumpln occurs when delta Is approximately equal to omega. Ir is suggested
insabltihes t rodu lcal bysa rqo"Y an w~ar eletromaneticllpump that since the oscillating two stream. Is an absolute Instability
mlatchd o desthy lorain Olnsm froequi oftin aeakrimentrI olbe which is ordinrreily riot genorated because of its high threshold,
pleerni dhenlitvgainnea pnsabii os. ofd theis eperiment saturtion doubls resonance stimulation of this mode may enhrancs saturated

produced by HF excitation Irradiation of the F-region. In that wave amptitudes. Au,
vicinrity linear conversion fraim the Incident elarýtronrcgnetic waves
iEMWi ro SCectrostatic Aives IESW) at pump frequency Is
observed. When the pump intensity exiceeds A certain threthoid N74-318240 Manr.Planck-inatitut ftue Physik tint Astropirysiki,
lower frequerncy ESW and ion acoustiv waves are parametrically Munich (West Gortra'nyl. Inst. fuer Extraterrestrlish Physik.
generuted which are polarized along the density gradiont aird GENERATION OF LARGE f5CALS FIELD-ALIUNED DENSITY
which, within muosuiemnent accuracy, satisfy frequeocy and wave IRREGULARITIES IN IONOSP14BRIC HEATING E)(PERI.
vector malchinQ cunditionre. Amplification by the pump of launched MENTS
'on acoustic we,,ns along with the simultaneous stupearance of J. A. Fajer in AGARI) Nonlinear Effects In Electro niaprisic
a p~arametrically matched ESW has been observed. Inserting two Wave P'ropagation May 1974 7 p rats (For availability see
pump frequencies, separated by the ion3 acoustic frequency, haes N74-31812 21-131
bseii observed to ureata double resorianos excitation. The (Grant NGR-05-OO9-016. Contract DAHCO4.72-C.0037: Grant
rilevance of thrise to ionospheric observations are discussed. NSF GA-30828)

Author Threshrold and growth rate for stimulated Briliculir scattering
are calculated for a uniform nsgrnetoplasrnr. These are then
compaired with the thros~iold and growth rate of a now thermal
Immoebility ira which thu nonlisear Lorentz force felt by the electron%
at thu bent frequency of the two electromagnetic waves Is replaced

N74.th1821 National Oceanic anid Atmoapticric Administration, by a prurnure force due to difforei.ntial hosatinq Ir the intsrference
Bouldrinr Colo. Autonorry Lab. pattern of the pump wave and the generated electromagnetic
M 0DIFIED ELECTRON 11.13TRIBUTI ON FUNCTION DURING wove. This thermal Instability, which Is still essentially stimnu.
PARAMETRIC INSTAISILITIEF slaed BrIlioulir scattering, has a threshold which is eispercially
Jerome Weinstockn and Harndali tle..sdrides In AGARD Nonlinear low when the propagation vector of tire beat wave Is almnost
Effects In Eleitromaynotic Wave Propitgation May 1974 6 p normal to the magnetic field. The threshold Is then considerablyi~ refs (For availability see N74-31812 l1-13) lower than the threshold for normal stimulated *riilouln scatteriing
A caltwiultion is made of tins heating of elecutrons by parrametrically and therefore this new Instability is Probably responsible for thre
excited Langmuir wave turbulence ir a homrogeneous plasma. ge~nertion of large scale field aligneid Irregularities and iornosplteriThe number of not electrons Is determined by 4i kinetic equation spread F. Ato
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*N74-31528 Bell Telephone Uabe.. Inc., Murray Hill, N.J. N 74.31229 King's Coll. Londo- tEngland11 Dept of
INSTASIUITING AND NONLINEAR PROCESSES IN 06O- Mathematics.
PHYSICS AND ASTROPHYSICS A SELF CONSISTENT THEORY OF TRIGGERED VILP
Akira Hasegawa In AGARD Nonlinear Effects lIn Electromagnetic EMISSIONS
Wave Propagation May 1974 13 p rtef Waor availabillity see 0. Nunn and M. J. Rycroft (Southampton Univ.. England) In
N74-31812 21-131 AGARD Nonlinear Erqecta In Electromagnetic Wave Propagation

A review of plasma instalbilitltes and some of their nonlinear May 1974 15 p refs lFoi aveilability see N74-JIS12 21.131
effects on geophysical and astrophysical plasmas is presented. The nonlinear interaction of cyvclotron resonant electrons
The nonlinear effects cover: (Ill quaesllnser diffusion; (2) anomalous with VLF radio wuves is osest* ~o spla~n thri phc~nomenon of
resistivity; (3) wave-wave, wave-particle Interactions; and 14) VLF emniisions triggered by whistler mode signals propagating
moduiatlonal Instability and formation of wave packet. Author litt thet earth's magnetospthere. It is found that in an inhomogentrous

medium rasonant particies tiecorne stably trapped in the wave
and make a dominant contribution to the nonlinear resonant

N74-319.24 TRW Systems Group, Resdondo Beach, Calif. particle current. This current continuously modifies the wave field
TYPE1 IREGLARTIE l~ THEAURRALANDEGUTO-and effectively causes the emission. This simplifying feature makes

RIAL ELEOTROJITS possibla a fully seif consistent simulation of the triggering process.
C. F. Kennel and 0. Arnush in AGARD Nonliniear Effects in The computer model described In this paper successfully produces

Elecramgnote Wve ropaatin Ma 194 2 p rft Forrising and failling tonest similar to those observed experimentally.
avaleroagneitic Wav Propagatio Ma1¶7424p31 Sideband stability and the origin of spectral structuring In bonded

(Contract N00014-09-A-0200.4nlo() chorus are also discussed. Author
Theoretical knowledge concerning Irregularities In the

equatorial and auroral alectrojets Is coneidelred with parthiular N74-31930 Comissac do Etudes do Energis Nuclear, Usbort
emphasis upon Typa I irregularities. A simple model of equatorial (Portugal). inst, Superior Teortico.
elsetrojet polarization Is reported. The evidence that discrete WHISTLERN TRIGGERED EMISSIONS

10 A. L. Urince In AGARD Nonlinear Effects In Eiectromegnoticaurorml atc electirojets flow at the poleward edge of the mutorsWv rpgto a 94 Ilprf Fraalblt e
oval and a diffuse slectraojt at the actuatorward edge 1e discussed.WasPogtinMy17 11prf(Frvilbiys:
A simple model of the diffuse elecitrojet Is formulated, and the N74-3`18112 21-13)

linear theory of electrojat Instabilities Is reviewed. A new fluid The eiectromagnetic radiation from energetic particles evolving
theory dispersion rolation for the two-stream Instability, Valid In the geomagnetic mirror Is used to describe the main phase
aven at the Pedersen conduction maximum Is presented. despite of emissions artificially stlmitidtiod by signals propagating lin the
drastic differences in electrojet geometry, the similarities between whistler mode. Those particles are In a cyclotron resonance with
the Doppier spectra, particularly for Type I irregularities, suggest the triggering whistler of arbitrary obliquity In the vicinity of the
that the nonlinear saturation mnchanismrs are similar In bo~th equalor (onset region); their velocity diattilbution becomes unstable
elactrolats. Author to the whistler mode through the nonlinear evolution of tha

wave-partile Interaction. The obtained apectral shapes reproduce
most of the forms observed In triggered emissions of short
duration. Author

N14-31U27 Kernforschungssinlego. Juelich (West Germany).
Inst. fust Plasma Physik. N74-31831 Newcastle-upon-Tyne Univ. (England). Dept. of
NONLINEAR THEORY OF9 INSTABILITIES IN THE EOUA- Engineering Mathematics,
TORIAL EI.ECTROJET NONLINEAR WAVE MODULATION OF WHIETLER WAVES
Andre Reogister In AGARO Nonlinear Effects In Eiectromagnetic
Wave Propagation May 1974 13 p refs (For availability ame Massyochi Toliri /a AGARD Nonlinear Effects In Electromagnetic
N74-31812 21-13) Ways Propagation May 1974 11 p raef (For avalability see

It Is suggested that the stabIlizatlon of Type I irregularities N74-31812 2 1-13)
his two aspects: In a first step the turbulence Inhibits the formation Nonlinear modulation of the electromagnetic waves propaga-
of large currents and maintains the plasmai In a state relatively ting paralled to a magnetic field Is Investigated by meants of a
cloae to ttavginal stability; In a second step, energy Is trarisfered modification of the reductive perturbation method developed by
by two-dimensional nonlinear wave coupling processes from the Taniuti and Yajims. The Vlasov equation Is reduced to a modified
linearly growing modes propagating mainly In the direction of nonlinear Schrodinger equation which Includes additional nonlinear
the electron drlh velocity to linearly damped ones propagating terms. It Is conjec~tured that these terms arise from the weak
in other directions. This transfer process open the aperture of but crjurtinuous resonant action that takes place between the
the cone containing the directiona of propagation of suprathermall wave and particle velocity. Author
waves. It Is also suggested that stabilization of Type 11 irregularities
miainly "ocurs via one-dimensional wave-wave scattering N4382 Ittt oinl iGolis oe(tl)processes which transfer the energy froin large wave-lengths,N7-1S ItitoNina dGofscom Itl.
where it is generated, to small wavelengths, where It ls absorbed Ionospheric Dept.
by diffusion; the procses extends toward largeir wevenumbers NONLINEAR MAGNETOIONIC EFFECTS IN THE MARNET.
the spectrum of auprathermal waves. Most of the observed features OGUIDING OF WHISTLERS
of Type I and Type 11 irregularities can be explained by then P. Dominici Ir AGARlD Nonlinear Effects in Electromagnetic
theories. Author Wave Propagation Hay 1974 3 p refs (For availability sac

N74-31812 21-13)
The complete basic equations of the magneitolonic theory In

the 01L. approxitnation are examined in order to exrplain the
magnetoguided propagation of whistlers: the principal result Is
briefly diacussod, namely the existence of nonlinear terms of
current. related to seif trappin:) megnetolonic components both

N74-31828 Oxford Univ. (England). Dept. of Theoretical In lower and upper ionosphere. Author
Physics.
PLASMA MECHANISMS FOR PULSAR EMISSION N74-31833 Norwegian Inst. for Air Flosearch, Kislier.
J. W. Buckets. S. Grounds. L. C. M. Miranda, and 0. TerHoar INTRODUCTORY SURVEY: NONLINEAR EFFECTS IN
In AGARD Nontlinear Effects In Electromagnetic Wave Propagation PLASMA RESONANCES AND ION SHEATH
Hay 1974 8 p rots (For availability see N74-31812 21-13) Kristen Folkstad In AIARD Nonlinear Effects In Electromagnetic

A partial analysis Is presented of the nonlinear processes Wave Propagation Msy 1974 0 p rets (For availability "e
occurring lit a strongly magnetized plasma through which a be am N74-31812 21-13)
of relativistic particles Is passing. The conversion of longitudinal Some nonlinear properties observed in Ionospheric topside
piasmons Into transverse waves through Complon scattering Is soundings are considered and particle generated emissions In
considered and It is found that the frequency of these waves the near space environment are discussed. The energy transfer
ties close to the piasma frequency which liest In the radio band which takes place between Interacting waves in a plasma is
for the plasma. Radio waves beamed at right angles to the determined by their phase relationship. Criteria for distinguishing
magnetic field ate linearly polarized. These characleristict canl between the cases of strong end weak coupling In three wave
be shown to be conserved In the propagation of the trsnqvorse Interactions are described. A useful quantum mechanical analogy
wavess through the magneatosphere and are In mood agreement pertamining to weakly Interacting random waves is itentioned.
with observational pulsar data. Tha procssaps considered can The possible role of the Ion sheath as a source for nonlinear
produce ths ubstervud laige istlito brigltniasa 6f pulsars. Author signal generation is evaluated. Author
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N74-115i4 Communications Research Centra. Ottawa (Ontarlol. An lonhied symmetric layer gets excited by an electromagnetic
Dept. of Communications. pulse. The evaluation of the pulse response yields a resonance
NARROWEAND RADIO NOOSE IN THE TOPOIDE lONO- frequency In dependence on layer thickness. The oscillation occurs
SPHIRE above a minimum thickness of the layer only. At large layer
H G. James. E. L. Hogg, and D. L. P. Strange In AGARD thickness the frequency of oscillation asymptotically approaches
Nonlinear Effects in Electromagnetic Wave Propagation May the plasma frequency. Author
1974 18 p rtef WFor availablity see N74-31812 21213n

Strong narrow bends of radio noise at frequencies ner 2 N74.31838 Office of Naval Research. London (England),
and 4 MHz are occasionally observed by the ISIS satelllites at INTRODUCTORY EURVIY: WAVE INTERACTION IN THE
auroral latitudes. A characteristic smooth peak in amplitude is LOWER IONOSPHERE: A SURVEY
often observed at the upper frequency limit of the lower frequency A. H. Weynick In AGARD Nonlinear Effects In Electromagnetic
noise band. A self consistent Interpretation for this part of the Wave Propagation May 1974 8 p refs (For availabilIty see
spectrum Is proposed Involving waves propagating upward from N74-31812 21.131
below the spacecraft. Ray treding has been applied to the spatial A summarization of the reviews to date on the field of
geometry of the noise region to find the point source height for wave Interaction in the lower Ionosphere is attempted. This covers
that pert of the spectrum exhibiting the smooth peak, This source the study of the Interaction process and the determination of
is located at altitude where the upper hybrid frequency, f sub T electron density, electron-neutral collisional frequency, and height
equals twice the electron gyrofrequency, 2 f sub H. Furthermore distribution in D.region. The current status of the use of this
the observed peak frequency, f, satisfies the relation f - f sub T technique In synoptic profile procurement and the role of this
, 2f sub H. The condition f sub T - 2f sub H is Important work In investigations on the physics and chemistry of this region

because, according to the hot-plasma wave dispersion theoryit are outlined. Author
defines an ionospheric height above which electrostatic-to-
felctromsgnetlc- omode wave conversion is more probable than

below It. There Is some evidence that the noise band near 4 MHz N74.31839 New England Univ,, Armidale (Australia),
originates from the same source Is the smoolh peak compo- ELECTRON HEATING IN THE IONOSPHERE MY POWERFUL

onet. Author GYRO.WAVIS
fR. A. Smith and R. G. Loch (Warrnambool Inst, of Advanced

N74.31989 Norwegian Inst. for Air Research, Kjsller. Education, Victoria, Australia) In AGARD Nonlinear Effects In

RESONANCE PHENOMENA OBSERVED ON MOTHER- Electromagnetic Wave Propagation May 1974 14 p rats (For

DAUGHTER ROCKET FLIGHTS IN THE AURORAL IONO. avaliblllty ee N74-31812 21-131
SPHERI Pulse wave Interaction experiments using disturbing g -o-
K. Foikeatad and J. Troirn In AGARD Nonlinear Effects in waves radiated by an aerial array of 40 dipoles ere described.
Electromagnetic Wave Propagation May 1974 16 p Ifrs (For Steady state end transient changes in the amplitudes and phoses

availability see N74-31S12 21-13) of 1.78 and 2.12 MHz wanted pulses have been measured for
Swept frequency transmissions in the HF band on mother/ transmitted powers at the gyro-frequency (1,5f1 MHz) In the

daughter rocket flights have revealed certain resonance frequencies range 0.7 - B00 kW. The wave Interaction effects have been
where the transmitted stirpulus evidently excites nonlineer computed using a modal of the behavior of slow electrons In
mechanisms somewhere along the propagation path. The nonlinear air which links properties for the thermal energy known from
effects era disclosed by notable signals being detected in receilvors Ionospheric wave Interaction experiments to properties for energies
whose pass bonda differ from the frequencies of the generating well above the thermal known from laboratory experiments.

signals. It appears that major experimental features may lie Excellent agreement with the expeirirentally measured amplitude
explained in terms of the theory of resonance cones In an end phase chenrqes Is obtained over the entire power range.
anisotropic propagation medium. For the plasma parameters of The effects of night-to-night variability of the lower E region on

the lower ionosphere such resonances may exist in the lower the temperature rise ind the factors which limit it. e die.
branch for frequencies below the electron gyrolrequency, and in cussed. Author

the upper branch for frequencies between the plasma frequency
end the upper hybrid frequency. Graphs of the admittance N74-31640 Pennsylvania State Univ.. University Park. lond.
measured at the terminal of the transmitting antenna show a spheen Research Lab.
vary pronounced dependence upon the level of the driving WAVE INTERACTION USING A PARTIALLY REFLECTED
voltage. Author PROBING WAVE

W. A. Kisaiok and A. J. Ferraro In AGARD Nonlinear Effects
in Electromagnetic Wave Propagation May 1974 9 p refs

N74-31834 Institut fuer Phyaikalieche Weltraumforshung. (For availability mee N74-31912 21-13)
Freiburg (West Germany). lContracl NOO014.67-A-0385-0014; Grant NSF GA.13868)
MODIPICATION OF THE PLASMA IMPEDANCE OP AN A proposed new form for the wave interaction experiment
ANTENNA DUE TO ION SHEATH INDUCED NONLINEARI- Is reported which utilisoo a partially reflected echo of the probing
TIES wave that originates in the hasted region. Digitel computer
H. Thlimarnn, ft. Kist. E. Nseke, and K. rlebstock In AGARD simulation shows that the amplitude interaction coefficient can
Nonlinear Effects in Electromagnetic Wave Propagation May be as high as 0.1 for aertain conditions. The effects of sell-hosting
1974 9 p refs (For availability se N74-31812 21-13)

Measurements with a cylindricel sensor In a laboratory plasma are calculated by using the probing wave paramaiter and

applying large RF voltages showed specific modification of the geometry. A significant change in the measured A sub x/A

impedance around seies resonanca. The purpose of the work sub o ratio occurs when the srilfheatlng effect is Included.

presented here Is to undlerstnd this modification in terms of Author

sheath induced nornlrnearitles. A nonlinear differential equation N14.31941 Cornell Univ., Ithalas N.Y Center for Radlophysics
deriveid from a network representing the shealh-plaeme-systaeln and Space Research.

has been solved numerically in a general way. A corresponding DOUBLE CROSS MODULATION IN THE D.REOION

computer program determined the voltage drop across the ion G. C. Ruml In AGARD Nonlinear Effects In Electromagnetic
sheath, the Fourier Specitrum of the RF current through the Wave Propagation May 1974 15 p refs (For availability see
system and ito resulting impedance, Numerical results show N74-31812 21-13)

system Grent NSF GP-5462)
that scattering of FIF energy into higher harmonics of the frequency
applied is not important around series resonance. The measured An experiment of cross modulation in the lower D-regIon

Impedancei modification when varying the RF voltage can be that made use of 2 relatively high frequencoies Is described. Its

understood using the concept of an effective sheath resixttor, peculiarity was that the received wanted wave - on account of
defined by integration of the differential resistor of the sheath's its relaitely high frequency - contained a reistively strong
current-voltage characterlstic over one period of the voltage extraordinary component together with the ordinary component.
drop across the sheath. Author Such an echo was received alternatively by means of circuluily

and ilnearly polarized antennas, so that both amplitude cross
modulation end cross modulation of the plane of polarization
were detected The discrimination between these two kinds of

N74-31837 SIGMA Aasociatlon. Hamburg iWast Germany). cross modulation was obtained just by shifting from one kind of
RiSONANCE FREQUENCY OP AN IONIZED LAYER IN antenna to the other. Since the experiment produced two pieces
DEPENDENCE ON LAYER THICKNESS of information analytically related to the two known& of thv
C. Fengler In AGARD Nonlinear Effects in Electromagnetic ionosphere at a specific height, nameily the electron density.

, Wave Propagation May 1974 5 p refs (For availability see end Its collision frequency, both of them were determined for
N74-31812 21-13) heights ranging between 70 and 40 km. Author

,t 155



32 COMMUNICATIONS '
N74-3104 Laiceater Univ (England). Dept. of Physics. electromarignetic energy except that associated with the deusire~d

MODIFICATION EFFECTS IN THE IONOSPHERIC D-1111- signal for a specific rystirni of interest linterference is considered
GION to be aun undesirable effect of electromagnetic noise upon a
Tudor B. Jones In AGARD Nonlinear Effects In F.Isctromognatic systema or subsystem tether tharn as a cause or sourae of noise.

Wav Propagation May 1974 6 p reta (For availability see Elect romiagoitrie corinltatibility is the condition that prevalis when
N74.31812 21 13) tele1Com m rinicatiorre equipment It collectively performing its

Nonlinear effects are observed during 0 raglon floatinrg individually atisignad funictioins in a common electromoagnetic
experiments using the high power tranamitter at Platteville, enivironrnpent without caupiirg or suffering unacceptable irrterfer
Clorado. Yher first experiments. in which the power and frequency onc~e. Selecteid aspects of the flundamnertals ot noise. interference,
ofthe modifying transmitter were varied, indicate that the electron and compatibility are discussed. Author

rteperature changes areo greater than perturbation magnitude.

th xiainof tihe rotational bands of molecular nitrogen. Later Fia
exeimns In which tofrequencies are transmitted ainieltan. ATMOSPHERIC DISCHARGES AND NOISE (AND COM-

oruiy ndicate that nonlinear frequency mixing nray occur whenl MUNICATIONS SYSTEMS INTERFERENCE REDUCTION)
tefreqiueincy dfencIsequal to the gyro-frequency, AuthorM..NemnsiJ.0RbnI G D Elcragtc

N74 41543 CaeioUniv. (Itelyl. thre subject on the basis of the frequency domain as a linear
NUMERICAL SOLUTION OF A PROBEIM OF NONLINEAR phrenomreanon. Froin tire special point of view of working to Improve
WAVEPOAGTO THROUGH PLASMASComnctosssmsproacetheaeadnagso
L. M. DeSocia and G. Gaffuri In AGARD Nonlinear Effectsi In be derived in viewing the problem In the time dormain. Considered

Elcrmgei aePropagation May 1974 10 p refs (For aea broadband measisurements, up to 200 moegahrt. of the tire
aviablt asee7-1111 21-13) structure of radliation from individual discharges, as well as longer

Teasef- Interaction ofan electromagnetic wave propagating conseciutive rentoinla of the character and spacing of pulse
truha plasma layer hsbeen considered as a typical exsimpin components of branchting atreamers and repeated discharges.

of nonlinear effect In the Ionosphere. For the plasma, the Indicative which have hrithrerto been unavailable Direct lightning Interceptioni
values of the physical characteristics of tha D region have been studies ero discussed Iin rellitiont to discharge naive characteristics
considered. Quasi. longitudinal and non deailyafive propagation have Research an artificial lightiring dilstharue noise propagation and

benasmdadteelectron haisting Is supposed to be described reception at various dirstainces Is presented as a unique tool tar
bSalyseuto.heproblem of determining the changes atmosphrerics propagation studies Author

of the modulation index, the second harmonic distortion and
the total absorption of both the ordinary and extraordinary waves N76-16269 Stanfori lRsaearrrh lInst., Arlintgtorn, Va.
has been solved numerically In an extensive range of values of MNMD LCRMGEI OS RMUITN
the characteristic parameters. Author TIONAL RADIATORSi A SUMMARY

N74-31044 Naples Univ. (Italy). Centra Stodi all Radiopropagec. Noise Intlerference and Corrpatibility Nov. 1975 24 p rets
Ions. (For availability aee NP83.i6256 07-32)
THE IONOSPHERIC PROPAGATION OF THE MODULATED Conaideredi is the noise from electrical and electromechanical
WAVES WITH CARRIER FREQUSNCIEB FAR FROM AND devices thaet are not designed as Intentional radiators but thatI
VARYING AROUND THE OYROFRIOUENCY produce electromagnetio energy as a by-product. The erriphasis
M. Cuobb, P. OiMio.o G. Gaffuri, 0. Agnelli (Osservatorlo here is onl descriptiorn of the noise train electrical power
Aatronomico dl Romeo, Italy), F. Fabbri (Oaservatorlo Astronomico tiantrarnilsion arid distribution lines and fromt vehicle ignition
all Rome, Italy), M. lennello iOsserm~orio Astronomico di Rome. systemns; tlaterr two sources are known to be Impotlartat below
Italy),R. Flagg (Florida Uni., and W. Greenman (Florida Univ.) and above 20 MH:. respectively Other sources are mentioned,

InAADNonlinear Effects In Electromagnetic Wave Propagation and prediction of the composite environment dun to unintentional
May 1974 13 p rafe (For availability see N74-31B12 21-13) radiators is considered. Author

The solft modulation phenomenon has been studIed with
oblique end with vertical Incidence and with C.W. end pulse
techniques,. The C.W. experiments to demonstrated that tire
phenomenon clearly depends on the power emitted by the radio
transmitting station. While that trainsmissions with C.W. were N76-182S0 Observatoire do Paris-Moudon (France).
made with a carrier frequency for from the local gyrofrequenoy, COSMIC NOISE ILES BRUITS COEMIOUESS
the pulse tranamiusions wera made with a carrier frequency varying A. Bolechot dIr ACIARD Electroanratneic Noian Interference
around the gyrotrequcircy The exnperimertsrt have shown that it arid Comrpatibility Nov. 1975 12 p) refs In FRENCH (For
is possitbla to have demodulation or ovenrmoduietiori rand nitviaiiyseN61260-2

resoanc cuve henthucarierfreueny vrie arundtheA deacri ption of the various nratural sources of electromagnetic
local gyrotreoquerrcy. The espirrirnents Insade durirrg the total solar ai os a ie.Icuig h aueo h aiu yeradips ofis 7ah Mivenh ic970ri tare nctur dicfsd tAutarouotreeclise o 7t Marh 190 oe aio dicirseri Autnrrof noise gensnitted~ Some of thosas have a very broad. coirtirruous

spectrum [such as tire noise from galasxirs or radio sources).
while otheris rave intermrittent. Irreguiar spectra (such as the

N1711.16206# Advisory Group for Airrospace Research and troise from solar or Jovian flares. pulsersi. Tfre average charactaris-
Development. Paris (Prancel ITRE NC ADCM.tics of the various parts of the spectra generatedt by these
ELECTROMAGNETIC NOISE ITRE NC ADCO -sources were given. including their perturbirrg effects on ground
PATIBILITY communication. Trarral. by Y.J.A.
Nov 1976 686 p refs in ENGLISH aird FRENCH Presented
at tire Joint Avioriirs/etiaclroaUnretic Wave Propagation Panels 147611261 Sciernce Researchr Council. Siough (Enigland).
Syrnp. Paris. 21-25 Oct 1974 Appleton Lab.
IAGARD.CP-169i Avaii NTIS HC$1375 LAND, SEA AND ATMOSPHERIC THERMAL NOISE

Eiectrorrraginetic interfersernce and compatibiiity studies on P. G Davies Ini AGAIID Electromargnetic Noise Interference
avionics enquiimenit aud subsystemris arrr preserrted. For individual soil Compatibility Nov. 1975 15 p rats (For availability see
titles., sire N76. 16257 thrroughr N76- 16797. N76- 16250 07-321

Thermal emission Is reviewed for thre natural environment
N76-1S267 Stanrfordi Research Inst.. Arlingtorn. Va. withrin the microwave, tar Infrared atid mendium Infrared bands
DEFINITIONS AND FUNDAMENTALS OF ELECTROMAG. at ther E-M sprectrumn downr to a wavelerrgtl of aborut 3 micron
NETIC NOISE, INTERFERENCE, AND COMPATIBILITY where reflection of solar radiationt betlirr to predominate. The
G H Hago lip AGAR2 Eliectromagnetic Nor - Interference emphasis Is primnariiy orn tile fundamental aspects of the emissive
ann Compatibility Nov 1976 24 p rets IFor ovallability see properties of the atmosphere andi varlouni surfaces and the
N76. 16266 07-32) relationship of tt';s thermal emission to lho thermal, absorptive

The terms electromragnetic noise, interference, arid compatibil- and scatiunirrng properties of the atmosphere Iii slant path
ity are nlafiried. aird some of the different delffirritirra for these propagation. A nmornoram terchnique for determininrg the noise
terms irr current uriacle are diecnissed withr emphasis on sigrrar et a poirrt Iin tire atmrrsphere is corridcitreu) and a bibliographry
rirterirntrorral dfnitirotnor For this lpsper. noise is defined as ail of rencent work on thermrnal erripssror is iricludeid. Author
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N76-1S212* Stanford Research inst Menio Park. Calif Radio systems covered with radomars was measured. Noise, transmission
Physics Lab and deopoiarization measurements have been carried out and
IONOSPHERIC AND TROPOSPHERIC SCINTILLATION AS when possible compared with the theory. Author
A FORM OF NOISE
E J Frernouwr and C L Rino hi AGARD E leottoroagneltic N7I-46267 inslilut fuel Physikoiische Weltnaumrnforth ung.
Noise Interference and Compatibility Nov 1975 13 p refs Freiburg lWest Germany)
(For availiability aee N76- 16256 07-32i ANTENNA RESPONSE TO RANDOM ELECTRIC FlIEDS DUE
(Contracts NAStI-21551: NABB-21891. DASA01-68C-0104; TO THERMODYNAMIC DENSITY FLUCTUATIONS INN
ONAG00 .74.C.0255; F30602-74.C.02791 PLASMAS

Recent tests of signals otbiserved throughr the iotruvphers. R. Grabowski In AGARD Electromernetic Noise Interference
the solar wind. anid it laboratory plasma irvao revealedr a surpirisinlg arid Comrpatibility Nov 1975 11 p refs (For availability acet
consistency in parameteirs descitirig tilea first ordir' tatitstirm of N76- 15256 07-32)
a signael causerd to scintiiiate by a ranrdomly iitructtuid iliusniti Thrermodynamic density fluctuations of positively and negai
This paper deacribes a arcane for exiploiting thee new findings lively charged comiponents In a plasma arer responsible for the
In a fransionospheric communication channel model. Author occurrence of random electric fields, The antenna response to

these fields may L'is charactertied by the quadratic or power
N78-162S3 SIGMA Association. Hamburg (Went Germany). spectrum of ilire voltage fluctuations in a measuring devicer THE INFLUENCE OF PARTICULAR WEATHER CONDITIONS connectecd with the antenna. Th rcesponse is dependent upon
ON RADIO INTERFERENCE t he antenna configurationr end is described as a filtering affect
C. Fangier In AGARD Electromagnetic Noise Interference and In wave voctot space Theoretical quadratic spectra #ro presented
Compatibility Nov. 1975 10 p refs (For availability aet for equilibrium plasmas streaming parallel to the antenna axis.
N76-16256 07-32) ihe bulk velocity has a strong irnfiuence upon the shape of the

The various Propagatioir properties of tirea atmosphere oar spectra, especially as It Is the cause for a periodic line struc.
associated to the variation ofiiatr refractive index A stratified ture. Author

atmosphere shows due to the meteorological parametemrs a strong
change which coriesponds for example to variations of parameters NIS-16268 Techniache Hogoachool, Eindhoven (Netherlands).
as klrofetor or radio horiaoir and notes lrrmperature. The case of THE1 INFLUENCE OF PREQUENCY AND RECEIVER APER.en atmosphere with embedded disconrtinuities is illustrafed by TURN ON THE SCINTILLATION NOISE POWERexperimentli results, which wetre obtained on liiie-of-sight grounld M. J4. Mt. VanWeert In AGARD Eliectromrgnatic Noise Interferencelinks, links with a distanuir near the radio harizoir, transirorizoni arird Compatibiiity Nov. 1976 10 p refs (For availability seeiinks as well as earfh-upace links It concludes that mrost radio 14711-18256 07.32)
interference is to be expected during diAyn with strorrg radiation Some pi operttloa of the scintillation roaise power are discussed
and the influencer cf cold fronts. Author The used modei is essential the soear as used by Lee and

Harpi. Some Caicuiations of different statistical properties cof the
scintillation noise are shown. Special attention Is given to the

NIS-16264 SEFTIM, Paris (France) Influence of receiver sapeture arid frequency on scintillaftion niaise
ELECTROSTATIC CHARGES AND THEIR PERTURBING Power. It is shown that both parameters rave a eirjrificsrit
EFFECTS ON RADIO COMMUNICATION [LEE CHARGES Influence on amplitude scintllation, but hardly on phase scintilia.
ELECTROBTATIQUES ET LES PENTURSATIONS QU'ELLEE tion. Thit behravior Is explained. To decide whether scintilaionirr
ENTRAINENT DANE LEE LIAISONS RADIOELECTNIQIUESJ does have a significant influence on the perfcrmaner of a
Charles Fevrot hi AGARD Elacteomnagnotic Noise Interference comarunicatloir link, the total scimntiliation noiese power Is compated
and Compatibility Nov. 1975 4 p In FRENCH (For avaliebility with thermal noise power on en earth to satellite path. Author
sto N78.i5256 07.32)

The following areas% related to the effect of electrostaticN7-26 AryEotnisCmadFrtM muh,.J
charges on aircraft radio communication ware discussed: (1) N7S.1nlstiosArmy EeLrob.scmedFr omotNJ
electrostatic charges and potential distribution on the surface of Dt ELEunCaTROMsAGNTI eir.SLTVPRGRM
aircraft. (2) generation of these charges, (3) lamming effects. ANODVELVEWrOANTCCMAIIIYPOR~
(4) suggested solutions. High electrostatic potential differences Aon J OVERV IEW G lcrmgeicNieItreec

macy exist between the nisreallic suirface of airciraft and the and Compatibility Nov. 197565 p ret, (For availability se.
suirounding air. or between two neighboring points of an N61250-2

insuatig oufac. alhouh mtallc srfacs my heasamedAn overview of the Departmnent of Defense Eloot romagnstic
toa be acruipotentiai. Such charges may be generated by phenomena Compatibility Program is presented. This integrated program
linked to the surrounding atmosphere, the airciaft Itself, or other Intenidad to ensure the electromagneatic uompatibility of all
special nituatiorra (such as In-fiight refuelling, braking on a dry eiectricai arnd electronic equipmrents. subsystems end systeims
runway. etc.i Radio jemmting resulting from thyse charges takesprdcdad prtdbcoirineftreeeseDatm t
tii. formr of a tierierai increase in background noise arid, In certtain produny arid ioperatredi bnyromporents reilalledfinste Desatblsment
cases, may be aggiavattid by noise resuiting from sudden of eight major program areas The status of each oi these areas
avolorrciis disciharges Su~gouvatd solutionsi include the develop- is examined with particular emphasis on the areas of EM C
mroit of Imtproved paints with better conductivity properties. sadrsar pcfctcsanmaueiittcilra n

Tranoi. by Y.J.A instrumentation Plans of the Department of Army to solve

NVO-620 TohnicheHog~oholEinhovn Mthelans).operational problems are aiso reviewed. Author

POLARIZED NOISE IN THE ATMOSPHERE DUE TO RAIN N76-10270 MoolatichmilttBoeikow-Blahin 0~m~bH., Oittobrurnn
A. Mawiroaend J4. Dilk hrt AGARD Electromagnetic Noise (West Germany).
Interference and Compatibility Nov. 1975 23 p raft lPar GENERAL EMC SPECIFICATION OR SYSTEMS ORIENTED
availability see N76-1 6266 07.32) ECSEIIAIN

Equtilona describing the propagation of piano waves through U. Jaeger In AGARD Eieutromargnetic Noise Interference and
a medium cointaining axisyminotric rain drops are pireaainid. They Compatiblitly Nov. 1975 12 p lFor availablity sea N76-18258t
lead to a generai expression for thea crone polaritation paranmeter. 07.32)
A trasnfer equation Involving the stakes spectral parameters To ensure electromagnetic compatiblity in systems. EMC
associated with the eiect trno ingetic field iN this nmedium, is also equipment apecifications are required to limrit for each unit tire
given. The soiation of this equation sthowa that a polarizationt of inlerfe.ances emitted and specify a certain degree of uneusceptibl.
the thermalc emission In the atmosphere can be caused by rain. Iity to Interference signals. An examination is mede as to whether
The evaluationr of tha cross polarirzation parameitter from sky it Is more favorabie to use a geineral EMC specification or systent

emission measurements Is also dilscussedi Author orieinted specificatioris for this purpose. Tire following soiution is
obtained. Tire teat methods end tlire test philosophy should be

NS10-1206 Techniache fHogeschooi, Pindhoven (Netherlands). uniformr for all systems. MiL.STD 462 1 1 463) couid represent
DEPOLARIZATION AND NOISE PROPERTIES OF WIT a good basis. However. updatiing and expaneion in various roepecti;
ANTENNA RADOMES team desirable. As far as the limit values aer concerned, it
J. Dilk arid A. C. A. Van~erVoral hr AGARD Electromagnetic becomes evident that the chraracteristics of the systems
N'oise Interference ard Compatibility Nov. 1975 10 p reft themrseives, their environment, and the system in% conjunction
(For availability see N76 162566 07-32) with which they must possibly function differ too greetly.

The influence of artificially wetted redome panels of different Estabisehing systeni relatud limit vualues is considered the optimum
Materilas (Todlar. Mylar, Teflon) on the performance of antenna solution. Author
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N79-16271 Societe Nationals Industriouse Asrospatiale. Blagnac N74-16275 Signals Research arid Development Establishmrent.

(France)- Christchurch (England)

CATIONS EMCj E M. Froot )if AGARC. Elect romagnetic N01,14 interference
J. C. Delpech In AGARD Electromagnetic Noise, Interference and Conmpatibility Nov. 1975 5 p (For availability soe N76-16256
and Compatibility Nov. 1975 21 p In FRENCH (For availability 07-32)
see N76-16258 07 32) The requirement to excharnge, iriteiwork arid co-srto equip-

Various EMC utandaords andl specificationse now !ii use were ments and systems, coupled with the widening use of siemiconduc
compared. with special emphosis on those applicable to airborne tor devices for new as well an traditionael applicLations. has led
systems~ The essential similarities anid differences between these to the concept of an overall Elaettroragiretic Comrpatibility (IVMC)
specifications were pointed out. fit relation to the following type activity However, theta is no generally accepted definition for
of) tests used. firequency bands applivable. dtegree of requiredl EMC ai, separate interests are tending to retain their own limited
ioieratiire demarndedt. operating regirire specified, aind recent- interpretations It is believed thet this it causing inturface
mended hardware. The following poinits were also famphaslied difficulties that will prevent EMC adampting itself esjffiulivntly repidly
(1) the lock of adequate taste required by certain specifications to deal with this changing and expending electronic situation.
(such es those used to evaluete the vulnereb~lty of numerical After considering 1EMC es a typical pollution situation a suggestion
equipment). (2) the new tests requitred In the moel recent lit made for an seal uetion and advisory service that woruld provide
specifications, (3) the lack of precision arid unsatisfaotory matching an Interface between other EMC and allied activities and also
between certaIn limits which have been observed eurperirenantly. sct as a focus and creative developrment point fot new ideas
and (41 the superiority of certain specifications In relation to the and techniques. Author
measurement prilniples and linstruments used. Ttrinsl. by YVJ.A N -16276 Thornson-CSF. Levaliols-Periet (Franie).

INTERFERENCE@ IN FREQUENCY MODULATION SYSTEMS
IINTEIIFIRRNCES DANG LES SYSTEMEN A MODULATION

1111N74-16279 Staniford Rlesearchi Inst., Arlington. Via DI IFRINUENCK NO, 21)
A STATUS REPORT OF THE IKEE111/E1CAC ELECTROMAG. G. Circcombette fir AGARD Electromagnretic Noise Interference

NETIC COMPATIBILITY FIGURE OF MERIT COMMITTEE and Compatibility Nov 1978 15 p In FRENCH. ENULISH
0. H. Hagn and M. N. Lustgarten lIlT Rest. Inst., Annapolis. sumirrary (For aveilebillity see N70.16255 07-32)
M d.) In AGARD Electromagnetic Noise Intrirference and Interference problenvr applicable to telephone redio finks with
Compatibility Nov. 1975 16 p rats (For availability see multiplexing repeated in frequency (FDM.FM) were discusead A
N75,15256 07-32) general treetmrent applicable to cll FM. links wee fhel presented.

A practical technical procedure is devised for specifying en Including, (1) typical orgerifatitifun of links arid equipments. 12)
sloatroognflucomolliliy Fgureof eri (FM) or ariuseffenIts of disturbances on the operationl of equipmient luepture

electtronaicrevicean c smstiblt iuems of EMeri (FM for vigehnous of AGIC and limniteirs arid on overall performance Inoise after,
vltonic dommvicsiend systems. bansedC for singe channel eil demodulation), 141 procesdures used to reduce the effsects of

concept. was developed by using a building block approach. fromturbnes radaindiagrm candcapliation ftoe twelof dsturbanecaes
Y ~The building block approach Involves the use of relatively simple fhereom a the r epatort wiagas laitd aplction to. twoselepn radio

socorling formulas for selected EMC parameters, which are then Ters fterpr a iie oFMF eehn ai

linarly combined, with appropriate weighting factors, to ociaculate links with moderate to large capacities Measurement results uf
FbMs for Ifisanmltters, receivers. and systems. A channel was reciprocal perturbations between different radio links oif rorniel
considered denied if IS -Ii rNt/0(i rN) smailer than or capacity wars presented. Finally, radiation polterir diagraims usud
equal to 10 db In w nmoderately clans. co-sirts environment The in the design of a network system ware illustritd 1 y j
perimeterm scoring equations were developed to roflecut the anibyYA
frequency spectrum denied by each parameter. The weighting
factors for the building block approach were determinad by running N470-16277 Army Electronics Commend, Fort Monmouth. N J
a ciomputer program that kept track of the number of charnnels RADAR INTERFERENCE REDUCTION TECH4NIQUES
denied by each parameter. Example calcuflaions for HF, VilF. Wlictamtgn Flhbin, einhatfrd Olech end Compatblitte yc No A1A75
end UHF systrims anse givenr, and the Interpretation of the acoresEecrmnitcNsenafrncindC ptblty 97
is discussed. Authoar 23 p refii IFor avaliability isee N70-116256 07-321

Teghiriqui;u are described, applicable to mteidr, which enjhance
tire, comrpatibility of multiple systems in limited frCiekuency apace

N76.116273 Ministry of Defenrce, London (England). By appropriate comrriinationr af mrultiple lrequerrclriss thin spectral
ELECTROMAGNETIC COMPATIBILITY IN MILITARY occupanrcy of a signal ccii be reduced through pulser shaping,
AIRCRAFT without sacrifice ii nreirgin resolution. Thiw mnelthod is extendead

* , 1. H. Htght and W. A Kelly lin ACIARD Electromagnetlc Noise to crntirtninus wave radar. ressulting iii erdelolle reduction without
Interference aridj Conmpatibility Nov 1975 5 p ref (Far availability armplitude mrodulationi. A function is defined releling nmutual
:ea N76-181266 07-32) interferenrce of two systerns In teairts cl their wiavoforins. physical

Conmmon sources of electronmagnetic comopatibility problemrs arid spectral Procinri11tý. arid Is used as a measure oif interference.
er3 trutliried and the difficulties confronting enirgneersi wfro are Ordinary single sideabiri techniques are mrodified wud applied to

responsible tor produrcinig successful aircraft weapon systemrs are radar to reoduce sprictral width Conwrorsurtionn tor iviterlricirg the
discussed A definition of EMC Is given within the contest of an discrete (ine spectra of several radlarts are given, they include
aircraft weapon sysatem. EMC probilima can be minimized by: single sideband processingl, of unirdirectional dopplor signals and
defining clearly the reqluirements .f thre weapon system; transtating a step scanning enteran. whirrlr osirnilto inrerasling the allowable
this req14I111'uirmnt Into in ovearll system specification: defining pulse rate. Author
suheystrni and Installation sipecificatiorrs; writing en EMC control
plan, eind producing a detailed teat plain Author N78.10270 Electromagnretic Compatibility Ainalysis Cenftr.

Annapolis, MdI.
N76-16274 Luose Aerospace Ltd., Hemeal Hamnpstead! iEnglarrdl APPLICATION OF PROGRAMMAISLE CALCULATORS TO
ELECTROMAGNETIC COMPATIBILITY CONTROL PLANE EMC ANALYSIS
P. 0. Campbell /it AGARD Electromagnetio Noise Intarforence J P f3sorgi (Dept of Defense) and Paul D. Newhouse (ITT
and Comnpatibility Nov. 1975 21 p refs (For availability see Resenfrch Inst.) in AGAHO Eleclonrailrietlc Noise Interfarence
N76-16266 07-321 end Compatlibility Nov. 1976 14 P3 rats (For availability toe

The sepctrum end level of radio interference have been N76-15256 017.32)
measured fur years and unwanted omnissiorts reduced retro. Thes use of progrummebie cailrulators, is suggested for maskirig
spectively This remedial approach Is now recognlied as& in electromagnetic compatibility calcrilationti conveniently end
efficient but ifre concept of elect romagiretic uuripsrblbity as a economically Programmable calculators are aivailalebi at prices
design parameter still requires emphasizing. The deovices, circuits, ranging from about 5800 to $5000 Programs recorded on
components and construct ionai details which can contribute to magnetic cards or tapes for us. with the populat LI S. makes of
the creation, conduction and emission of unwanted signals are calculators will be avalarble from the Department of Daenoes.
indicated and means whereby their effects corn be minimized Electromagnetic Coimpatibility Analysis Center IECAC) in 1975

are examined. The probismsr arising in creating and Implementing Detailed expianations of several of the ECAC programs art given
acontrol plan far- the deveotpment of a typical piece of electrical to Illustrate the kinds nf calculations that can be performed and

equipment are outlined and the difficulties euperienced in balancing to Indicaet the ease with whichi the programs can be used
operational, threoretical, practical end contractual requirements Guidelines fon the saeolooirn of calculators, and the pros and
are highlightedl. Author cons of using them are given Author
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N76.16279 EIctroinagnetic Compatibility Analysis Canter, introduction of noise at the different stages of date treatment
Annapolis, Md it summarizes. from this poInt of view. the many theoretical
APPLICATION OF MARKOV CHAIN THEORY TO THE worke found in the literature. and *mphauires the practical steps
MODELLING OP IFF/PPR SYSYZMS loading to the results Noise and signal are considered through
Stephen J Sutton tilT Research ntleI end C Wayne Ehler fill their respective spectral representation& This permits, through
Research Insal hit AGARD Eluctruinagnelic Noise Interference well known concepts. a definition of the effect of signal maskirrr

rnd Compatibility Nov 1975 23 p refs (For ivailability tri by the noise, and the calculation of the noise level asa function
N76-t6256 07.32) of processing means Formulas established this way are easily

The automated IFF/SSR pitrdiciroir modul was constructed applicable to various practical cases Problems raised by the
around the Markov chain miodeli Inputs to trn r rediction model discovery of the signal within the noise are also mentioned.
include the Interrogator environment and an air traffic deployment Author
for a specific geographic area. For each transponder in the
duployment the model determines those Interrogators whose NT7.1162I0 Rome Air Development Center, Griffiss AFS. NY.
signals are received, calculate iha transition probabilities, seleots COMPUTER MODELING OF COMMUNICATIONS RII lyV-
the proper Maikov chain, and calculates transponder performance EIS FOR DISTORTION ANALYSIS
parameters. These parameters are then used to calculate the J. F. Spine and 0. 0, Weiner (Syracuse UnIv.) In AGARD
performance of a selected interrogator system. To gain confidence Electromagnetic Noise Interference arid Compalibility Nov. 1375
in the model predictions, results were compared with predic. 14 p (For availability sea N76.16256 07.32)
lions from a previously validated simulation and with available Deteils of an analysis technique and companion computer
inesured Interrogation and suppression arrival rates. The program are presented that have application in the area of design
comparison showed that the IFrF/SSR model predictions correlated end analysis of electronlic circuits. Particular emphasis is placed
well with both the other predicted data and the measured data, upon the application of the program to the modeling of
The results of this paper show that the IFF/SSR prediction model nonlinear distortion effoct% In communication receivers. A
with Markov chain transponder models provides a powerful, discussion of moderately nonlinear systemn and the treatment
flexible, reliable, and nocursts analysis capability Author of such systems using the nonlinear transfer function approach

is followed by circuit analysis cc a potential tool In designing

NM7-1E280 British Aircraft Corp, FIlton (England), Electronic and evaluating circuits from an electromagnetic compatibility point

systems Group. of view, An overview of the uomputer program In ternms of

COMPUTER GENERATION OF AMIIGUITY SURFACE FOR soie of its more salient features is provided. Author

RADAR WAVIFORM BVNTHRlIS
R. J. Morrow arid 0. Wyman In AGARD Electromagnetic NIS.16284 Norgue Tolkniske Hoargskole, Trondheim.
Noise Interference and Compatibility Nov. 1975 11 p rate COMPARATIVE ANALYSIS OP MICROWAVE LANDING
(For Pivailahility sie N76-16256 07.321 SYSTEMS WITH REGARD TO THEIR SINSITIVITY TO

Recent advanceu in the field of surface acoustliu devices are COHERENT INTERFERENCE
likely to encourage the implementetion of uumplex forms of Norie Foresail In AGARD Electromagnetic Noise Interference
matched filter rardIars As a conhequence. the nystem designer and Compatibility Nov. 1975 8 p (For availability see N176-16266
and EMC Analyst will req,lre convenient methods establishing 07.32)
the likely system performance obtained from the various forms Proposed landing systeom ware computer simulated to
of signal processing. One well established techniquu used to examine their behavior in ma realistic multipatlt environment. Models
determine the theoretical performance of matched fillter or of airfields were elaborated and the reflected and direct signal
c.orrelation receivers is through the epplication of the ambiguity componenta were used as inputs to mathematical models of
function This function has wide application us it may be employed the receiving systems to compute the resulting position errors.
to evaluate the theoretical received signal response in both the Thia study showed that it would be possible to use groups of
time and Dopoler domains. As this function handlet, both matched synthetic interference comoonents for thle same purpose. By
nnd uninatched signals It provides a convenient method of carefully choosing the distribution of the coherent interference,
Isselsing both the design and eventual electromagnetic aornpati- the significance of the comparison can be improved and the
bullty of the systwm. With these consideratiuns in mind I cjinerai amount of work reduced. Author
computer method of soiving the ambiguity function has been
deveioped and is described in this paper Author N76-15285 Naval Postgraduate School, Monterey. Calif. Oept.

tit Electrioal Engineering.
THE CROSSED.DIPOLE STRUCTURE OF AIRCRAFT IN AN
ELECTROMAGNETIC PULSE ENVIRONMENT

N71,162S1 Electironic Communications. ¶min:.. St Petersbuig. Robert W. Burton /i AGARD Electromagnetic Noise Interference
Fla. and Compatibility Nov. 1975 15 p refs (For availability ase
AN1.

5
iNA-TO-ANTENNA IMC ANALYBIS OF COMPLEX N76-16286 07-321

AIRBORNE COMMUNICATION SYSTEMS The crossed dipole receiving antennas has been used as a
William L. Dilllort in AGARD Electromagnetic Nolus interference representative model to approximate electromagnetic pulis effects
and Compatibility Nov. 1975 16 p rft (irci availability see on aircraft. Electromagnetic propeirrtes of the crossed dipole
N75,16256 07.32) receiving antenna illuminated ty a monochromatic source are

Methodology aind applied techniques for oranniat -.to.-ntenna considered. Resulls are presented far electrically molderately thin

electromagnetic compatibility analysis of complex airborne structures. In practice, when a crossed dipole receiving antenna
communication systems, arr presented Potential Interferen"e is excited by a broad speolruni electromagnetic pulse, certain
modes end system Isolation factors are examined in conjunction Important electricll resonances occur. that is. at specific single
with a typical equipment complement. A method of analysis Is frequencies of excitation some portions of the structure can support
discussed which uses computer calibrated antenna spacn isolations large amplitude sarnding waves of current and/or charge. Under
whith ejnvcntionel analysis techniques Some typical analysis suoh conditions a current maximum/charge minimum, current
resulte are presunted In suIllt•ary form Antenna Isolation is minimum/charge minimum, or current minimum/charge maximom
riscussed as a limited factor for EMC oplimliatlon. The results may occur it the junction region. Examples of roeonant and

of past rinaly,,it clearly show the need for frequoncy management antiresonant situations for the perasiifc monopole and the crossed
to efface interferencn control as en integral part of Inv antennra to dipole which highlight the pousible rintractione between the arms
antenna EMC profile of complex airborne systems Author of the crossed dipole are presented which give Ineight Into methods

of analysing aircraft in an eleCtromagnetiC pulse environment.

N7i-1-282 Office National d'Eludes at de Rtecharchas Author
Aerrispatiales. Paris (France*.
ANALYSIS OF ThE NOISE AND ITS INFLUENCE ON N7I-16528 Telecommunications Radloelectriquos et Telephioni-
COMMUNICATION SYSTEMS JANALYSE DlI BRUIT ET ques, Le Plesis-Robinson (France).
DEI SON INFLUENCE SUN LE SYSTFMI4S DE COM- DESIGN PROBLIMS RELATED TO RADIO COMMUNICA.
MUNICATIONI TION WITH AN INTEGRATED AIRSORNE SYSTEM
Roger Gouilliou di AGAIRD tiectromrnaetic Noise Interference [PROBLEMES POSES PAR LA TRANBMISSION DAN$ UN
and Compatibility Nov. 1975 7 p raft In FRENCH: ENGLISH SYSTEM& INTEGRE AIROPORTII)
summary (For avallubility see N70-162513 07.32) G. David at Vannetsel in AGARD Electromangnetic Noise

The paper emit lt providing tits coumrnurniotions ergineer Interference and Compatibility Nov. 1975 10 p refe (Fur
with guidelines in view to miriirlto the loti' of Information through availability see N76. 10256 07.321
signal reception and processing, by keeping to a minimum the An integrated communicstion system with second order
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redundancy (as a book-~up against breakdown) was investigated IMPROVED DESIGN OF INTERFERENCE SUPPRESSOR$
Reasonable series and parallel circuits, assumed to be controlled AND MEASUREMENT OF ATTEN4UATION CHARACTWRIS.
by a manaegement unit, and from which exchange principles may TICSI

abe shown, were Illustrated. A number of communication M. L. Jervis arnd J D. Hawkett In AGARD Electromagnetic
problems between the transmission systemn and hardware Noise Interference and Compatibility Nov 1971) 113 p (For
ciomponents were briefly axamined. such comnmunication availability one N76-1621)6 07-32)
messagies may be transmitted with a NftZ-type code, If The mathemnatic approach and results aren reported in the
distances are taken into account, a bliptiesic code is preferable developrment of a new design of Interference suppressor which
since it eliminates any steady component from the main elimInatest the resonances normally occurring between a
1(ntraismivon lirie Finally. numerical data lransmnissions facilitate suppressor andt its lantd Also described are shortcomings of
the cornirol of information and thereby decreaes the possibility conventional 50 ohm Insertion loss measuerements, and a
of erroirs Tranal, by Y.J.A chraracteristric based on critircal load conditions is proposed

Author

N76-116291 Army Missile Command, Flodstorne Arsenal, Ala.
N76-14287 Messerachmitt.Uoeilkow.Slohm G.m.b.H4., Otlobrunri MISS1ILE INTIRBSYSTM EMIC TESITING
(West Germany), Charles 0, Ponds lIn AGARD Electromagnetic Noise Interference
DIGITAL DATA TRANSMISSION IN AIRCRAFT EMC. and Compatibility Nov. 1975 10 p rofs (For availability snee
PROBELMS AND POSSIBLE SIOLUTIONSI N76-16256 07-32)
H. Raod In AGARD Electromagnetic Noise Interference and The intersystem EMC tasting of missiles Is described. Systems
Compatibility Nov. 1975 10 p (For availability sea N76-16206 aompalIbility to a world wide electromagnetic onvironmeni is
07-32) demonstrated by using mini ccsrnpufer control, broadlbanid emitters,

In the use ot digital systems In aircraft, where a great deal a unique data acquisition system, an infrared data link andaof Interference emission and vary sensitive equipment are rminicomputer data reduction system. Also, redesign information
concentrated In a small space, new problems can arise due to is acquired vi~hiah will provide EM hardened missiles. The

t the special type of etnission and susceptibility of the digital simulation facility usad to provide an EM environment from
systaem. Great care must therefore be laid err the selection of t00 KHt to 15 GHa is described giving the emitter power output,
the cabling (twisting rate, shieldingi. the line drivers and receivers, modulations, sweep capabilities, log pariodic and horn antenna,
the riese ano fall time, and the trarni~misoon rate, To prove in transmission line transverse electromagnetic mode test chembe
prentice the meaning of theoretical evaluations of a choice of and a minicomputer for close loop control of emitters, power
line drivers, line recelvers and cables. special lests weret pertormed and frequency controller, data acqueletIon and reduction. Authoi
or EMVC lest facilities. These tests also covered the different

ashielding and earthing povisibillities. Special EMC tests were N76-18292 Aeritelia, Turin (Italyi,established to prove tOrd compatibility of the digital systems with MEASdUREMENT OF INTERWIRING COUPLED NOISE
the complete aircraft sy~ttem. Author S3. Audone and L. Bolln /it AGARID Electromagnetic Noise

Interference and Compatibility Nov. 1975 13 p refa (Fot
N75-16289 Elactronlifre Marceli Dassault. St Cloud (Fiance). availability see N76-102Slt 07-32)
GENERATION AND EFFECTS OF CONDUCTION AND One of the major problems arising In the electromagnatic

RADATIN NISEVOLAGE BEWEE TH COPOcumpai,1biiity analysis of a complex systemr such at an airpleneNENITI OF ASIGNG VLEYTEMAGEN E ATIOENS ETH EFETS it the wiring Interconnecting the equipments. A large amount ofDENS TFNSIONGL P ASISTES [GECNDUCTION@ IT DPII interference Is picked-rip among itables In the same loomn when.
due to limited avahlsbiu space, emitting and sensitive wires oerRAVOINNIMENT ENTRE ENSEMBELS D'UN MEME 11V$. riot sutficiently separated. A test method to measure the coupling

TEMNI
A, uidt i AGMO Eietrosgn~icNoss ntefernceard Interference end susceptibility In different load configurations, (openConAtblilty Inov ¶975 ¶4 EotmIngiol FoieNC (Ftforac aviablt or short circuit) is proposed with the advantage of fraying aseeaiilt Nov.05f 197 6 4pI3FEC2io vilblt realistic simulation of the wiring coupling inechanism and valid

The mein Interference effects between the various components guldolinas for a better cable separation philosophy. Author
of electronic airborne systems werei dlicussed, with emphasis
on protection techniques arid policies that should be adopted
In recent years, the introdurifion of digital numrerical techniques, N7-16293S Geoaio Univ. (Italy)
despite their numerous advantages, have complicated the ON THE EVALUATION OF MAN-MADE ELECTROMAGNET.
integrationi of somponents using these techniques6 Protection IC NOtISE INTERFER 1111INNI WITH COMMUNICATIONS IN
policies against such irnterferences rest on the following objectives: THE E. L. F. RANGE
i1l limitation. Insofar as possible. In thre number of static noise Giorgio Teoccoril /r AGARD Elsctromagnetic Noise Interferencet
gemnerators. (2) reduction of thne undesirable coupling effects. 13) and Compatibility Nov. 1975 10 p rtsl (For availability see
avoiding perturbing effects by selecting appropriate techniques N78. 18258 07-32)
for data transmission, In addition, airbrorne system comlac~nents The mechanics of some aspects of tire maili made alocinomsg.
are roqisiltnrd by certirin sitandard&s and specificationr suchr as roieto noise at tire E.LF. ore exmamined thar are the most
AlR 8)10 C fourth edition of 111 Feb 1963. Mit Sid 451 A of favorable for propagation iii dissipative media In prarticular. the
I Aug . Igoe. Mil Slid 452 of 31 July 1957 Transl. by Y J.A' incise Is cronsidared as generated by a moving ship in the vicinity

of an e oiecrorr~nalnnti sensor Immrersedi in the use Mathematical
N76-I6249 Siemens A.G . Munich (West Germany). and experimenital approaches for an estimation uf such noise

THE EDUCIONOF ILICROMANETC COPATSILfilae proposed Some esperimenial results obtained In the
DUE TO NON-LINEAR ELEMENTS AND UNINTENDED Tyrrhenian son era shown In accordance with theorlies and

experiments. Local natural background raise as well as nearlyRANDOM CONTACTING IN THE PROXIMITY OF THE adfrofmnmd os r osdrdiitecneto
ANTENNA OF HIGH-POWER 11F.1TRANSMITTERSanfoof nmaeoierecsdrdi teotxtfa
K. I andt In AGAFID Electromagnetic Noise Interference and general tranercilsolon chaninel. Author
Compatibility Nov ¶975 10 p raft (For availability uas
N78-162B6 01-32) N78-16294 Army Plectroniorn Command. Fort Mornmouth. NJ.

With the aid of selective filters it is possible to almost Avionics Lab.
completely elinrinate harmonica, spurious emissilons arid wideband AUTOMATIC TESTING OF AVIONICS SYSTEMS FOR
interfering signals on the output of FIF transmitters, even those ELECTROMAGNETIC COMPATIBILITY
operating at vary high output powers. These interferinig signais Edmund T. Tognola I/a AGARD Electromagnretic Noise
are again generated. if nonlinear junctions or unintended random Interference and Compatibility Nov. 1975 10 p iosl (For
contacting create secondary radiation sourrces irr the proximity availability see NIO-16255 07-32)
of the transmitting antennas The probildem indicated are discussed A tuchnique of aemi-automatic electrtomagnietic compatibility
with reference tin err example foi the Installation of a UHF-.rjrrt testing is described that involves the use Vn a date acquisition
and an :vionic device in an aircraft, as well as on the example unit Integrated Into the aircraft avionics anid electrical subsystems.
of an in stanllaion onboard ia ship. Author This enables the test engineer to gather EMC performarrce data

on the system Inn Its natural strrvironmsint. The onbocard recordad
data Is subsequently reduced by computer using tpecialiy
developed programs to determine areas of non-compatibilty. Tlhs

N7$.15290 Royal Aircraft Establishment, Faritborough illngiennil results of the investigation indlicate that the technique of using
Engineering Physics Dapt. ia data acquisition system fur EMC testing Is feasible and requires
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losstest effort and provides more complete and accurate results The maximum values of the rodor metric srrors or* summorised 1
than conrventional EMC tesiting Author that arm liable to be encountered at 400 MHr at low elevations

(2 dog) In the northern Onited States The errors will generally
N74-1S295 American Electronic Labo. Ina. Lansdale. Ps be less. thin the values given here, and all tend to decrease
Comimunicationsa Lab with elevatiorn E although for sorne (eg., TiDal the dependence
DESIGN OF A COMMUNICATIONSU TEST (TEMPEST) is weak, end, In the case of scintillation, is controlled Principally
RECEIVER FOR MAXIMUM BROADBAND DYNAMIC by the level of magnetic activity Author
mANtiS

Elieotrciniagnstiu Noise Interference and Compatibility Nov 19711 Field. Mass
6 p (For availability see N76-182501 07-321 AMPLITUDE SCINTILLATION OBSERVATIONS AND

an deqjuate shielding Is Impracticlal. In n high noise ambient. For the design of a tranalorioepherlo communications link,
th receiving system sensitivity becomes equal to the amibient scintillation data are to be reduced to statisticel descriptions

lvlminus the receiving hysteni dynaomic range. which Is inrvariably uigtoeitrasfrwihta*i ttoaieso h

hihrthan KTB (thermal) noise The dletign of a receiver for rms fluctuations of the signel. ihe fads statistics are useful In
mattintum performance in detection of broadband signals is choosing coding and/or time diversity techniques to overcome
significanrtly more stringent than that of narrow band signals, this fading. Signal statistics of this type are illustrated using

adrequires fite techntiques described in this paper. Importance data recorded at equatorial, sub-aurairal, and aurorsi latitudes.
isplaced an sucanssive filtering of the receiver channel end These signal statistics aer folded into a morphological pattern

maximizing signal handling capablility. The related considerationse which contains statistics of scintillation fading as a function of
concerning local oscillator rotinfrmillao ftunggmgaiclatitude,inttaeu oelcxuroadlcl

rnearid equipment shielding ora also presented. Author time. Recent data taken at auroral and sub-suroral latitudes have
sonteeffects on F layer Irregularities of magnetic storms
Inpriuathe magnetic stoems of August 119172 Illustrate wo~rst

caescintillation levels. Data during the storm of Oct. 31 I
Devel62op ,MintiAthriy. oDeec.ll i(Ire) Ama ntNvI.11973 erao used to show the correltation of Scintillation

N75.1525wit MiisrocfDeene magnetic variations. Author
AETRAIGHT FORWARD COMPUTER ROUTINE FOR

SYSTEM CABLE NMI ANMALYSIS N76-20305 Alt Force Aviornics Lab., Wright-lPattersorr AF8.

M.Rresoc and 0. Hartal In AGARD Elentromagiretic Noise Ofilo.
Interference and Compatibility Nov. 1975 11 p resf (For SIMULATION AND IMPLEMENTATION OP A MODULATION
evailebility asee N7B15625I0 07-321 VSK FOR OVERCOMING IONOSPHERIC OCINTILLA.

Amethod is reported that provides harness compatibility In TION FADING
acomplex system. thre design ofwhich Is limited. The method Ale .Johnson In AGARD Radio Systems and the Ionosphere

oulndprovides as way whereby ongineering effort and a 19765 p rafts (For availability see N70-20302 11-32)
computational backup check are combined to generate the EMC Ionospheric scintillation has been recognized &s a major
requirements in as short a timesi possible. The data reduction problem int VHF/UHF satellite communication systemse. An
phase is rimpis. time aird effort ireving end may be performed, extensive comnpultr simulation was donet in an attempt to find
after the ptirsirer effort phase, by non.EMC-skilied workers. The an economriual codl ng.rinterleaving combiniation whicth could be
niethod ag such in system oriented and meets the requirements implemented for an airborne VHF/UHF SATCOM syatem. A variety
of a specific design problem. Author of coding techniques were Investigatedl. Ain actual ionospheric

scintlillation signal was recorded and digitized for the usu in the
N76-16297 American Electronoc Labs.. Inc.. Lansdale. Po simulation, The various coding interieaving technlIques were played
A UNIVERSAL ELE1111CTROMAGNETIC COMPATIBILITY 4EMC) through this simulated channel; the results cit eacth combination
ANALYZER UTILIZING BASIC CIRCUIT MODULES worn tabulated. It was decided to impioment # complete
Karl E Wieler end Warren A Keasealinm (Army Electron. 75 blitper-satcond tuietypa modem utilizing the resuits of the

Commnd, ortMonmuth.N. 1 I ii I3AR Eletroagneic imlation. rho modem being built utilizes frequency shift keyed
Noise .Fr omut.N nAAR lcrmgei modulation. In order to operate Iho encoder anid intariaavet. a

NieInterference and Compatibility Nov. 1075 16 p (For rcie aecoki edd ti eie ynmin h
avirillabitlir see N7S.6- 25e 07-311 rcinput data clnd Incr eem edtll sIfting adeerenedb cmloc inti the
lContract OAASO7.71 .C..0339i nu abadiceetlysitn eeec lc ni h

A measurement instrument was developed to give EMI-RFI beat fit Is achieved between thn reference diock arnd a number
teeters More reliable informaetionr on received signals of en unknown of bits of the incoming data This data clock is then used for
nature. The amplitude drstribullarr measurement can be applied timing thre intorleavar and encoder. Author
to orry situatiron where the distributiun of a signal is douirad An
evaluation of various detector moduies defined usabte ienusecr
ment techniques for various signal types. Now measureiment
concepts are introrduced to the EMI/RFi field Ito give increased 1476-20306 Communications Researmch Contre. Ottawa lOninariol.
data on a detectad unknown sign~i arid certainly more relieble Dept. of Communlcations
data then that taken with present rrrseasrr'ment techniques and CHANNEL FADING ON AIR MOBILE SATELLITE COM-
systems Aulthor MUNICATIONS LINKS

V L A. Maynart fIn AGARD Radio Systems and the Ionosphere
1975 9 p i~or availability see NIO-20302 t11.321

Statistical menirirements of the lading and time dispersimon
N74-20302# Advisory Group for Aerospace Research and of the sartli-spoce path have been made at locationsr varying in
Devevlopment, Paris (France). Georragnatic latitude These meesuramunte have demonstrated
RADIO SYSTEMS AND THE IONOSPHERE that the reqluied isytani margins for a given grade of service
1978 424 p ref. In ENGLISH; partly in FRENCH Cant, held vary strongly with frequency, geomragnetic latitude, and the way
at Athens, Greece. 26.30 May 1976 in which system, reliability is spiicifred. Pre~llminary mreasuremients
(AGAiID-CP.1t731 Avail NTIS HC S It.oo of the multipatti characteristics ot the North Atlantic show that

The effects of the Ionosphere on high frequency nominunica- the reflection processo Is diffuse Author
tion system are considered. For individual titles, see N76-203(13
throligh N76-20332. N75.20307 General Electric Co.. Schenectady, N.Y. Corporals

Research and Oevelopmnsnt. *
N74-20303 Lincoln Lab.. Mona. Inst. of Tech.. Lexington TRANSIONOSPHERRIC EFFECTS ON RANGE MEASURE.
IONOSPHERIC LIMITATIONS ON THE ANGULAR AC. MEINTS AT VHF
CURACY OF SATELLITE TRACKING AT VHF OR UHF Roy E. Anderson In AGA41D Radio Systems and the Ionosphere

1978 14 p refs (For avarlability see P176-20302 11-32)
J. V. Evans and R H. Wand In AGAROD Radio Systems and A fully Intagratad soatllite rarnging system for locating ships

,~the ionosphere 1976 11 p refs Sponsored in part by LIS was implemented at VHF Perlormarrue of the system wee

Arnmy (For availability %see N78-20302 11-32) examined to determine the effacts at ionoapheric group delay
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on the eccuracy of the position fixes SiSveral 24hhour periods surrounding the conjugate point, are regions of high interest,
of ranghig from a geostatlonory siatllite to a widespread network permitting the relliatlion of good communication syttems on
of transponders yielded date on diurnal variations in delay and 30-90 MHs band with a very low peak radiated power Author
estimates on residual errors when Ionospheric model% ase applied
to the meaLiurameits. Some data on correlation distances in N74-20311 Appleton Lab. Slough (England).
the ionosphere were obtained Thu results suggest that a VHF A NEW COMPUTgR-BASED METHOD OF HF SKY-WAVE
position fixing system using two geostationary satellites could SIGNAL PREDICTION USING VERTICAL-INCIDENCE
be operated with en accuracy better than I nautical mile when IONOSONDE MEASUREMENTS
the ionosphere is not disturbed. Author P. A. Bradley In AGARD Radio Systema and the Ionosphere

1976 18 p rats (For availability set, N75-20302 11-32)
N76-20308 Army Electronics Command, Fort Monmouthr. NJ A knowledge of Ionospheric propagation modes and signal
Communicationa/Automatic Data Processing Lab strengths is important for the successful operation of H F
PLASMASPHERIC CONTRIBUTION TO GROUP-PATH- point-to-point cornnruncatlion circuits and over-the-horixon
DELAY OF TRANSIONOISPHERIC SATELLITE NAVIGATION radars. Predictions use representations of the state of the
SIGNALS ionosphere based elithetr on long term trends in pest ionospherlc
iH. Solchor In AGARD Radio Systems end the Ionosphere data, or on near real time ionokpharic soundings at vertical
1976 IS p refe (For availability aee N76-20302 I 1-32) Incidence or over oblique palhs. A new prediction scheme Is

A satellite navigation concept requires measurement of the described which cart be used with either forecast values or direct
time delay that satellite-emitted signals experience when traversing measurements of the standard ionospheric oheractertliois
the distance between satellite end user. A pulse propagating derived from vertical incidence soundings. Its Important features
thia distance is slowed somewhat by an amount which its dirently include an improved model of the vertical distribution of electron
proportional to the total number of froe electrons ITEC) along concentration, a homing procedure to determine the rayv which
its path. For high orbit satellites, TEC includes the ionospheric travel between specified terminals. in allowance for the focusing
aes well as the plasmaspheric electron contents. The Radio of rays with low elevation angles. in espreslion for ionospheric
Beacon Experiment IRiBE) aboard the ATS-6 estellite examined absorption based on the Ionospheric oharacteristlo fcE and the
the Ionospheric content, N sub I (by the Faraday technique), the inclusion of the effoots of polarisetlon coupling loss determinlad
total Ionospheric and plasmasphiric contents, N sub T Iby the In terms of ray path and magnetic field geometry. Author
group delay technique), and the plamrnaspheric con-
tent IN sub T - N sub I) .. N sub p, Although diurnal, day-to. NT7-.O0t3 Forschungeinstitut der beutechen Sundespost,
day, and seasonal variations of N sub p were observed, they Darmstadt (West Germany),
were much smaller Ihan corresponding variations of N sub I A COMPARISON SETWEINTHE DEUTICHE SUNDIIPOST
and N sub T. The ratio of pleanmaspheriu to ionospheric contents IONOSPHIRIC His RADIO PROPAGATION PREDICTIONS
varied diurnally, seasonally, and from day-to-day. The diurnal AND MEASURED FIILD-STRENGTHS
variation exhibits basically a nearly constant night behavior and Th. Damboldt lit AGARD Radio Systems and the Ionosphere
a much lower day behavior with rapid ohanges just other local 1975 18 p refs (For availability see N7S-20302 11,321
sunris and just after local sunset. Author The Deutsche Bundespoat makes long term propagation

predictions for use by its own frequency planning department
N74-90300 General Electric Co., Syracuse, N.Y, and for varioue other users. The forecast computer program is
IONOSPHERIC RADAR RANGE ERROR CORRECTION SV reported, followed by en outline of field strength measurements.
THE INCOHERENT ICATTIR-FARADY ROTATION Aftetwords the measurements are compared with the forecasts.
TECHNIQUE Some of the dvlatilona between forecasts and measurements
George H. Millman and Glenn M. Reinamith In AGARD Radio ae ainalyzeod. Author
Systems and the Ionosphere 19*i8 13 p rets Sponsored by
RADC (For availability sea N7S-20302 11-32)

The incoherent scatter phenomenon In conjuncllon with the
Faraday effect Is evaluated is a techniique for near riol time N74-20313 Moll-Platick-lnstiltut fuor Aeronomie, LIndou Uber
correction of ionospheri: radar range error. The study was
performed utillizing a simulator computer progranm, the major Northeim Wal Garmany.,
components of whichconsisted of a time variant three dimenrlional SWEEP FREQUENCY PROPAGATION ON AN 8,000 kim

electron density model end an earth magnetic field model TRANSECUATORIAL NORTH SOUTH PATH

expressed in terms of a series of spherical harmonics, Theoretical H. G. Moeller In AGARD Rodin Systems and the Ionosphere

estimates of the Faradlay polarization angle and the incoherent 1t70 7 p refas For availability see N76-20302 11-32)

backecatter power are made for en assumed high powered radar Two prediction improvbements are euggested according to

located In the mid-latitudes with the antenna beaim oriented in sweep frequen oy Observations b etween T aumeb, South W sl t

various azimuth elevation angle configurations Radar range bias Africa and West Germany. In summer daytime tIre observed

errors derived from the Incoherent scatter and Faraday rotation MOF is up to a factor of two higher tharn the predicted MUF
nimuiltecd dla are corvipereci with the true reference errors. An This error can be reduced to a factor of 1.2 if in Es-tranemisslonevaluation il given of the rostduar range errors, i e, differAnco factor of 7 is applied instead of a factor of 5 which had been
between the predicted and true errors, computed for the months used hithrtto. In the existing predictions for long dietance medium
of June end December rnd aurmapot rrn~lbars of 10 and 6.}, wave propagation only E-layet reflections are taken Into account.Author In contrast to this assumption strong F-layer reflectiorna hove

been observad. The medilan F-layer LOF was 1.3 MHa after

N76-20310 National Observatory of Athens (Greece) luno- midnight, At these low frequencies, signals reflected at the E-layer
wars quite ofteni weaker than the signals reflected at the

spheric Inst. F-laysr, Author
LONG RANGE VHF TRANIEOUATORIAL FOR THE
EUROPEAN-APRICAN PATH, A REVIEW OF TIME DELAY

M"ASURIMINTS N711-2D314 GEC-Mmaconi Electronics Ltd., Chelmsfori (England).
Michael Anastasaltdia and George Stefanuu hi AGARD Radio Research Lab.

Systems arid the Ionosphere 1976 22 p (F1P availability see AN IONOSPHERIC STORM MODEL USED FOR FORECAST.
N75-20302 1I-32) ING

Five years of measurements of tinme delay of VHF aignals L. W. Barclay In AGARD Radio Systems and the Ionosphere
transmitted from Athena and received at Roma (Lesotho) arid t976 5 p refs (For availability see N78.20302 11-32)
later at Salisbury and retransmitted by a trigUered dovice back Long term. monthly or seasonal, predictions amr prepared in
at Athwirs, support the mechanism of a supermode propagation, advance for both point to point and mobile communications
The shapi of time delay curves during preaunset and attarsuneet requirements. Such' predictions nes intended to be used for
hours a a expilined on the baies of a simple geomelrical modol planning and for crntingencles end a riot intended at, an accurate
taking into consideration the height of ieflecting layers in both guide for day to day operation. Foreoasts prepared a few hours
hemiepheres, the saivation angles. and the central angles between In advance and distributed rapidly can be used to inform the
the points of emnision and the pointy of reflections all cif whicla operators how the operational frequency band on a particular

effect the time of propega~ion of the emiltted wave The day differs from that shown in the long term predictions. 'rhe
influence ot thermospaeric winds is also considered particularly relationship between solar events and radio communication

4 for the eirAisnaIton of lengthenting during early evening hourc Irequencies is incorporated in an ionospheric storm model in
From all above experiments, the suexc magnetic coniugancv order to produce an acceptable forecast from the data received.
seems to be of minor Importance. and rather large areas Author
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N7U.20315 Barry Research Corp.. Sunnyvale, Calif. up to say 4 MHz, for tanges up to several hundred miles. MF
TECHNII1UES FOR REAL-TIME HP CHANNEL MEASURE- propagation Is essentially by the ground wave mode but the
MINT AND OPTIMUM DATA TRANSMISSION addition of sky wave inodes at night increases the potential
Georg* Barry and Robert B Fenwick In AGARD Radio Systems coverage area, increases the interference levels in the MF bond
and the Ionosphere 1978 10 p (For availability sen N76-20302 and createsi an Interference sonei where the ground and sky
11-32) waves are of comparable amplitudes. The ground wave propaga.

The time variability of path lose, noise. Interference, End tion mode Is assessed by taking account of system parameters.
dispersion which characterize an HF channel can be ovevecme of propagation and noise characteristics and of the distance of
by adding throe elements to ths conventional communication the shore station from the coast. The optimrum frequency for
system i1) a transmission test set: (2) on interference monitor; ground wave communication, for it partiliular system Is indicated.
and 13) high order rimes diversity The transmission tost tot The effect of sky wave propagation on the conolusions rsached
continuously monitors the circuit loss and multlpoth. 3.30 MHt ts also discussed. The results of some experimental work are
The optimum operating frequency is obvious from the test set presented which show that,, for communication quality S55
display, but the specific frequency must be selected from among telephony, operation may be extended through thq fading cone.
the allocated choices on the besls of interference. The interference Author
'monitor measures and mtores the percentage occupancy of all
HF channels and the operating frequency is chosen from the 10170203110 Naval Research Lab., Washington, D.C.
monitor display. Although a clear, propagating frequency its NARROWUIAND H11 COMMUNICATION SYSTEMS FOR
selected, noise and fading cause data transmission errora; the DIGITAL VODICE
moat effective solution is high order time diversity. Author W. Jewett and R, Cole in AGARD Radio Systems and the

Ionosphere 1970 13 p refs (For avalaebility see N710-20302
N76-20316 Admiralty Surface Weapons Establishment, 11-32)

Portmout (tnglad).Source encoding techniques for norrowbend digital voice
[CHANNEL ESTIMATION TECHNIQUES FOR HFl 0DM- generate a number of PCM symbols that represent different weight

MUNICATIONS functions. The relative weights of the bits/symbols ore considered
M. Darnell in AGARID Radio Systems and the Ionosphere in the optimization of the communication circuit, This minlrimizes
1976 11 p roef (For availability see N76-20302 11-32) the effect of transmission errors on the synthesized speech. Thus,

Channel estimation Is a term used to dlescriber the piocesms the channei encoding selectively adds redundancy to the signal
of tnonitoring and measuring selected parameters of a communies' to maxinize protection to portions of the digital source signal.
tions channel with the aim of describing quantitatively the absolute This Is the approatih that is being followed to determine the
or relatlun states of a given sot of communications channels. optimum characteristics for at voice pirocessor/HF madem.
This Inloirviation can then be employed to optimize use of the Author
dispersive. tinis variable HF pr(opagation0 medium. The paperIi.discusses then philosophy and applications of estimation techniques.
Three basic classes of channel Estimation systems are defined
endi the moat Important practical implementationsi of these basic N79-20321 Thomson. CSF, Gentreviliers (France).
classes are described. Author HF TRIANSMISSION OF NUMENtCAL DATA IVRANIMIS.

C DehuoadJ . olosI GR Radio Systems and
04-5203117 toit eeo uiolnsRdolcrq tIhe Ionosphere 1976 II p In FRENCH; ENGLISH summary

TlpaiuS 1fociete T.eonulain aleetlusa Foi availability isee N76-20302 11.321

SELECTION TECHNIQUE OF THE OPTIMAL PREIQUENCY In tho tieid of digital transmissIons, the major chaerclenstlc
FOR DATA TRANSMISSION THROUGH THE IONOSPHERE of the ionosphere is that it behavee as a multipath propagation
(PROCEDE 011 SELICTION DE LA PREQUENOS OPTIMALI madliti, This lamper describes d type of 1,200 bits/s . MODEM
POUR UNE TRANSMISSION DI DONNI18 OUR CANAL fitted to that kind of transmission tnedium and which Is to be
IONO$PHIRIQUEJ used for 5511 radio transmission. After a short Introduction about
0 David, C. Goutelard iLaboratoirs d'Etude des Transmission* data !ratisrrrissloin on HF channels, the MODEM opoiretioii modo
lonospheriquesl, end J. P. VanUffelen Iii AGARD Radio Systems and its implementation arm reviewed; to conclude, the MODEM
and the Ionosphere 1976 16 p rots In FRENCH (For availability real iife expeariment results arm discussed Author
see NIG-20302 111 321

frA technique was described by which the reception conditions
fraradio-slecttri channel, preselected according to an operational NS232 Mnhse ol fSineadTcnlg

sequence, may be assured in be satisfactory. Criteria are given lEnglandl. Dept. of Electrical Engitneering and Electronics.
by which a tost sequence may be transmitted and analyzed IMPROVEMENTS TO HFt FSN DATA TRANSMISSION
following Its reception. The relationship of the stations and their Geoffrey F. Gott and Brian Hillasn In AGAIIO Radio Systems
operating mode In centralized networks was then given, based and the Ionosphere 1975 7 po refs Il'or availability siee
on information recoived from an lonosands; a discussion of N711-20302 1-2
decentralized networks with a reduced number of stations was An P9K signal keyed at 715 bouds, with 850 Hez frequency
also given. Trendl. by Y.J.A. tihift. can rave one of several frsquency allocations within any

gie .I oc hne.Intepeec fItreec

N76-20321 Southamptnin Univ. (England). from other Users,2 or slow selective lading, the FSK system
REAAL-TIME HF CHANNEL ESTIMATION BY PHASE performance may he significantly improved by using a frequency
MEASURIMENTS ON LOW-LEVEL PILOT TONES allocation appropriate to the prevailing channel conditions. This
J1. A. Betts and M. Darnell IASWEI, Portsdown. En~gtH In AGARO paper reports on err 800 kmn HF link experiment which invastIga.
Radio Systems and the Ionosphere 1916 12 p rets (For ted this principle, with a view to Improving sir/tirounit data
availability see N75-20302 11-32) transmission. Author

The principles of a method of real time chaimiil estimation
based upon nisasuromeints of the phase perturbations imposed
on a low level pilot tons by the HF propagation path air describedi.
Results of three noet of trials carried out over short, medium N76-20323 Admiralty Surfasce Weapons Estatblishiment.
and long range HF paths in order to verify the theoretical basis Portadown (England).ADAPTIVE SIGNAL SELECTION FOR DISPERSIVE CHAN.Li ~~~~~~~of the technique are then presented. Consideration is also givenNLSADISP CTALIPCT(d I CO
to possible future development of the technique and throe MUNICATIONS SYSTEM DESIGN
operational scen'arios in which this type of channel estimationM.EmnlInAAO RdoSsesaith ntper
milght be applied aie discussed. AuthorM.Canl InAAD adoSsesiriteooshr1970 14 p rats (For IaimjsiblitV soa N76-20302 It .32)

Possible techniques are considered whereby the operation
N76-20319 GEC.Marconi Electronics Ltd.. Chelmsford lEngiandl. of ern HF communicationsa system could Ire made adaptive lIn
Research Labs. response to the state of the channel Adaptive Rft equipment.
GHIP.SHORN COMMUNICATION AT SHORT RANGES iiourctr encoding/ decoding end channel encoding/decoding
L. W. Barclay /to AGARD Radio Siystems and the Ionosphere procedures are descrilbid arid their interactions discussed. Adaptive
11976 lB p rats (For availability see N75-20302 11-32) signal selection implies adaptive signal latojrratlon and pirocessing

Communication between ship and shore, when the ehips erquipiment Possible formalts for such units aer outlined, together
are soailing Iin coastal waters, is usually conducted In the VHF wihr tIli inputs requuired for their operation and the advantages
band for very short ranges and at MF and low HF frequencies. eccruiirU from their tise. Author
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N76-20324 Societe Telecommrunicationrs fladloulectriqrrsx at charamcteristics and their random variations. An optimization
0. 1 Tefephonirtuas (Francel. teichnique was used in this regard, raking into account the

DESCRIPTION OF A SELF-ADAPTIVE SYSTEM FOR DATA propagation and receiving conditions Families of codes were
TRANSMISSION THROUGH T1HE IONO#PHERE IDESCRIP. obtained and their validity confirmed by experimental resultsi.
TION D'UN DISPOSITIF AUTOADAPTIVE POUR TRANS, The duoteorte that may be reached corresponds, in ganme cases.
MISSION DE CONNERS SUR LIAISONS tONO8PHE. to a gain of 2b. with a batter protection against disturbancas
RIGUESI and attowanca tor error rcorrecttons. Transi by Y.J A

*J P VerrUffeaisr /it AcIARD Ratiro SyRtaritix and the lorioxpirore
1976 13 p) rafts I FRENCH (For avatilability veil iq76l 20302 N7S.20328 Lincoln Lab, Mass. Inst of Tech. Lexington
11-32) POLAR IONOSPHERE MODELING BASED ON HF SACK.

A dara transrmirsioinir systor iii wiincl (ilitixturhrira hu to SCATTER, BEACON, AND AIRBORNEI IONOSONDE
iorrophatiic uyioatraurion are cutrrvritii biy ai seilf-sialtivoje rlriaiiulrr MEASURtEMENTS
waxt drncriiori Motrr speirrfwically. Li drccriirtrirr rif iiliaiiiixlitrirR J. tdiriick. J H Chrisirclin, and 6 E Nichols /in AGARD
is UivenI. wfhomn: rinjuairuitirri INi partiod rhConitninuoiusly fromr h ii Radio SVstarra arid tliae forophoei 1976 18 p rafti Sponsored
received signals. A data traorrirrlsuorr sysieni with a capacity of by ARP2A (For avail ability see NIO.20302 11-32)
1,200 bauds arnd conaiveivc with thes strrledsptrve filter was An experiment to investigatea the potar ionoisphere wast
tested over a dlistancue of 2.60C0 kin Measuremient results obtained undertaken during tho period Novemiber 1971 through Novemiber
in flue laboratory arid in tins flidln are given. TransL. by Y JA. 1972 with air HF radar stationed in Northern Maine, U.S.A.

operating on a regular schedutle collocting baxikocitfrr data over
a 90 dog azimuthal sector of ftrs polar Ionosphere end monitor.

NIG-20325 roi ainldEue ot oeoiuioi .Ing beacons located at Keffavic. Iceland end at Thule and
Lonio (F antc Nr). lc~nie e eeorrrnctoa Norsairsouap, Greenland. From this dale base, a daytime and a

FEASBILIY SUDY F AHP ATENA WIH ELIPTCALnighttime period were "elected for ionospheric modeling and
FELASIBILTYO SUEDY OFO A ATENENAHITH T EANSISSIONL raytiacing analfysis. The structure of Ifia nighttime IonospherePOAIIATO USE FO EERPICTASISO was determined from simultaneous radar, bastiorr and airborneWITH VERY HIGH SPEED [POSIBINLITES 09 REALISAFION ionosoncie measurements and was found to includn2 the FlayverIT bEKMPLOI D'UNE ANTENNE A POLARISATION trough, pleame ring end auroeral E-Iayer. On the basis of theELLIPTIOUN DAN$ LA SANDE H. F. POUR UINE LIAISON radar backlootfsr and beacon date alone, the strucitures of the
A GIRANDS VITRISE TELIGRAPHIQUEj daytime Ionosphere was found to be conslitent with a oneA. ilanbaba and .1. C. Zeshron hit AGARDI Radio Elystems anddiesoamdlAtr
the Ionosphere f1976 18 p reft, In FRENCH (For availabilitydlnaolmdeAtr
see N76-201302 I11.32)

the design of an HP antennas radiating, In a given direction,
a wave with elliptical of circular polerisetion was considered.

The aditin sytemconastsof wo ntesectng a~tevediplesNIS-20329 Paris Univ. (Franuei,Thetuisin syte cnsstsoftw Itesecin hllwev dpoesOBESRVATION OF IRREGULARITIES IN THU SUB.with an angle 2 bete between therm, arid located in a plane AURORAL P REGION OF THlE IONOSPHERE THROUGH A4Inclined at err angle alpha to the vertical. The effect of the SACKBCATTER TECHNIOUR AND A MID-LATITUDEfinite permittivity of the ground on the directivity diagram was STATION JOBSERVATION AU MOVEN DR LA TECHNIQUE
analyzed, rind the gitin weo conrputed with Itie type of polarization DR 1RTRODIFFU SION ET A PA IIITIIR D'UNE STATION 0S
considered. The feasibility of obtaining an elliptiical polietittion MOYIIINNE LATITUDE DES IRRE U LARIITIS 0S LA REGION
with a fixed vector orierrtatiorn wits ltnen studied its a function P SUE AURONAL1I
of the currentlfed to each udipoule. Finally, a rumiuneluel application A. Bourdillor itI AI3ARO Radio Systems and tire Ionosphere
was presented fur at frequency of 10 MHz, Including the 1976 14 p raft In FRENCH (For availability see N711-20302
computation of the soil coupling impedances. Trensia. by Y.J.A. 1.2

AM.H. bacikucatter sounrder located at Valensole 144 dl.g N:
N70-20326 Max-Plairck-lnstitut luer Aeroninmia, Lirdou Ubter 6 dog EL. coupled to a wide boird hicghly directiy* antenna with
Norttneim (West armnanyl. a capacity (it six discrete radiating directions an each side of
INFLUENCE OF BPREIAD-F ON HF RADIO SYSTEMS the geographic north, recorded in 1972 and 1103 frequent
.J. Roettger /it AGARD Radio Systems end thia Ionosphere occurrence at night of irregularities located in the high latitude
1970 119 p refs (For availability see N7f3-20302 11-32) iiunsoptrere (latitride 66-68 dagreesl. interpretation of the data

Fading power spectre errd ampl!ttide distributions of trans, using ray traching techniques showed that field aligned Irregularities
equatorial HF signels era evaluated Tine cijaulai type of Ionospheric often occurrod simultaneorusiy at low altituides (240-280 kin)
tranettoriton radar whirhr is applied for these investigat ions loceles and above tha F region maxirmunm (340-400 km). A swept esimutin
silde reflectingll sprood-F irreguiarities in the equatorial Ionosphere recording Is produced shrowing at as given Ilime a wide extension
By means of the digitized date, the charerateristlcs of TEP signels. in rarnge of ft@r irregularities. A series of recordings weg made
whicfh are stroingly irnfluernced by tii side reflectinug equatorial under conditions of hrighn maginetic activity. shrowing a displace-
sproarl-F irnagurlarnites. aire disterririrned. Conrsiderabile pulse merit towarrds the equator of the zones of rrrurriiarre of
dtispersiorr is observed. Strong fiuttar fedinig Is evident during irregularities. Tire diriplaunrirnint is about 2.1 dogreaxr in latitude
spreacf.F cornditionis Thne fadinf ipower sipactrurir endir ire amplitude Per unit Kp Authror
dish hut ion of fire I EP digrrals, is calculated fror iri almn rirrvotlonaf
dalea and matchrer tot a Nakagemittice dlistribuition. The pinraema
tare obtairned frorr this date reduction staldtshlat strong electronr
denisity graliefa(141 rIr tire irreigularities give rise to side reflection
of H F signrais. Effective radar cross sections arnd tho meanN7203 OsoUi.(rwy

utivitvtin im o Iiaulriy lrctrai ir cluilto fomFORMATION AND MOVEMENTS OF IONOSPHERICthe rarrplltudir evaluartiorn. Authror IRREGULARITIES IN THE AURORIAL I-REGION
ANv Egefand hr ACIARD Radio Systems and tire Ionosphere
11976 15 p refs (Far availebility see N76-20302 I11-32)

The aurcral E-region undeargoes more or lass contirnuous.
N70-20327 Leburaloirr d'ttude ts d ram rranmissions lonospheri. unprediclabte, structural Ioiziiation changes of almost all sicales
ques. Cacrari (Franice). of size and lime. thoese ionospheric irregularities, with rapid
APPLICATION OF PSEUDO-ORTHOGONAL CODES TO rmotions arid oscillations, are aupmerimpiosed on the lsigs scale.
TRANSMISSION THROUGH THE IONOSPHERE IUTILIBA. long fermr variations in ftrs irrelurin. Tire ivregularities wiil chnanger
TION DE CODES PSEUDOO-RTHOGONAUdX ADAPTER AUX the propagation coniditions and degrade radio comrnuricetlort
TRANSMISSIONS IONOIPHEINIUE&j and radar puerformanice. Ilira ioniziation structures also upset thre
F Clravarid, M Gircidr, arid C Goutnulard /ir AGAHOD Radio delicate energy balance It, tire upper atmosphere by chlanging
Systemrs and tire lonroapurre 1976 24 p rafts (For availability almost every paramreter which specifies nrortmal conrditions.
Nae N76-20302 11-32) Formation crid mrovemenrts of small licale irregularities ii, the

Tfre application of psatorudorllrogonai coded to sigrial ouroraf E-regrorr are reviewed. A variety of irnstebility concepts,
tiansamissiori tirrovitfi the Ionospthere was considered so trial thne whichl May explain the production of ionization Irregularities, have
reciver irarceitc reed riot bs inuinititidr pernmanently as a been postulated. Sorme ofl those wiil be munisriionad and compated
funcrtion of tire transinrisaici peanaitaterm. The pseudo, with recent ground arnd in-vitu mieasiurements. In addition,
oirtrugoriafity of thares coils was defined turd discussed. This macroscopic drift rrotioioriii tIreli E-regicnr of Ionization irreujulari.

codu poridr~intars were iletarmineit hror the propangatiorr ties will be summarized. Author
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N76-20331 Communications Ruerr'irch Contre, Ottawa lOntatio)
HIGH RESOLUTION MIAS10 iliINTS OF TIME DELAY
AND ANGLE OF ARRIVAL OVER A 911 km HF PATH
0. W. Rice In AGARD Radio Systems and the lonospure
1976 15 po refs (Foi- availability sue N76-20302 11.32)

The results of some 40 hours of afternoon and *vorning
mneasurements of f1F propagation over a 911 km pathi are

* ~presented An rMCW srounding technique was dmployed with d
linear receiving array of 1 2 km aperture Thase errerigmentil
made it possible to resolve inode~ildiffering Iin time of arrival by
as little as 20) rrifrotlcorrds, atid to dietermine the angle of
arrival of oact i trde The results show that markedly inonilinear
phase flaots call orcur even for aipparenitly single modes of
propagation as a revsiit of thre iiritulit structure af the

* IIonosphere wviall splits the signal into a number at sub-modes.
This finding presents a possible lirnitatlor t tohe accuracy of HF
direction -IInd Ing. which applies even to systems capable of
revolving the mo~des Author

N74-20332 Leicester Univ (England). Physics Dept.
THE CORRERCTION OF IRRORS IN HF DIRECTION
FINDERS BY TRAVELLING IONOSPHERIC DISTURB.

ifr11oes, and C T. Spreuklen Ilr AGARD Radio Systemns
end thii Ionosphere 1976 9 p raef lFor aveilability see
N70-20302 1 l-32)

Traveling Ionospheric disturbances ITIDsI produce chasnges
in the bearing of the signasls received tram a distant itrarimittar
vie the Ionoisphere By monitoring the Doppler trrrqutilluV sthilts i
Iii the reflecteid signal at three or mote receiving sites the speed,
direction and magnitude of this TID can be determinred~ If the
Doppler frequency shift at ilha direction frrinrrr is also Inastituted.
the displacement of Ihie reflection point ruind hence the beating
deviutiotn produced by the TID can be calculated. A very
considerable improvementt Ilii ccuracy Is obtained whon such
correctionts are applied to signals propagated aver err 050 km

path. Author
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*1 33 ELECTR4ONICS AND ELECTRICAL ENGINEERING

33 ELECTRONICS AND ELECTRICAL fedmtoadteTOmc prpitcombnatin o thethre mehod Is sedto find the design
ENGINEERING dots. An X-band antenna orray is designed and discussed, The

Incldenlos eqilmont nd ainainbilty. ompnanu. t gnew structure It mechanically simple. it has good impedance
incldestes sqipirrin ard iisltaiiuliiit. cnlt)I~ltli iiIi.characteristics, allows good control of the aperture Illumination,

tunnell diode% and transiistors, micromriniaturrization;, and integrated andd radiates a linear polarized field with a very low craee polarized
circuirry, Foi toaited information sea lsho 60 Comnprrtar componont. Author
Opefration. r1110 Hrrdrwaro antI 76 Soid -State p/ry...es

N74-31671 Ferranti. Ltd., Edinburgh (Scotlendi
N74-1667 Advsor Grop fo Aorspoe Reearc andHIG EFFICIENCY AN7ENNAS FOR AIRBORNE RADAR

Development Padris try rupfr uropcaRserh n R. W. Forrester and A. J Lilt In AGARiD Antennas for Avionics
Deveopmnt, ari i~rnce. Jun. 1974 9 1) iota (Foir availability see N74-31667 21-091

I.ANTENNAS FOR AVIONICS Consideration is given to antennia types %hiict are suitable
Jun. 1974 526 p refs In ENGLISH and partly in French fat use in airboarne nadera. arnd their advarntages and disadvari..1Presented at the 26th meeting of the Avionics Poenl Symp.. toags udiscussed, Several important antenna properties are
Munich, 20-30 Nov. 1973 efficiency, sldelobe level, scanning rate, weight. coot, @tc. Emphasi
IAGARO-CP. 139) Availl NTIS HC S29.50 Is concentrated on methods which give a high antenna efficioeny,

The application oft avionics antennas In Aerosol systems Is whilst trying to maintain as many of the other properties is
considered by analyging the feasibiiity of realizing required radiation possible. An expetinretntal Cassegrain antenrind has been designed
patterns either an the aircraft, on the satellite, or on the ground. end built. It employs energy redistribution techniqiues to give aA

For Individual titles. sen N74-31656 through N74-31708. high efficiency. whiist retaining a reasonable sidelobe level. A
measured efficiency of 7rA was obtained at the design frequency.

N74-1M avalEletroics ab.Centr, on iego Calf.which oniy dropped to 65% at 500 MHz above design frequenryN74.155 Naal lecronca ab. entr, en ieg. ClifThe antennas gave good sum and difference patterns over a
* I ~~~~~J. Proveincher. J. Boyne. and A. Hassal lPolytechnic mnat, of 2Oibn nXbn

New York) In AcIARD Antennas for Avionics Jun. 1974
115 p fiel (For availability see N74-3`1667 21-09) N74,31672 Radio Corp. of America, Moorestorwn. N.J. Missile

Design consideration Invoived with the multifrequenoV and Surface Radar Div.
conformal array, are: il) eiement pattern effects in non-planar GNP HIGH POWER AIRBORNE COMM UNICATIONS
arrays. (2) multifrequiancy array techniques; and 13) MIC ANTENNA
components and coat considerations. The element patterns of J. P. Grabowski and F. L. Lanphear In AGARD Antennas for
comrical arrayc ats examined to determine If behavior is similar Avionics Jun. 1974 12 p raef (For availiability, see N74-31687
to ktnown element patterns for the cylindrical or planar arrays. 21-00)
cannd bonamt psictoexrioenstol determInued arra biuaehaviorie.,fslgdfaK*3 icatspr faln hc emt

Vnod ba s conicol se tor dsi enterrayinued *troy simuateor seec. The high power SHF antenna, which is mounted atop the
beemwirtth, Stan limits, polarization and aide lobe level. The communication between tactical terininais by meets of a
concept of the multifrequency array has been shown to be feasible. synchronous altitude satelite. Thu antenna can acquire and track
oen the use of the interlacing technique with the conformal a satellite beacon signal, hold a stable line of sight for a short
array allows more flexibility due to the larger element spacing period of time, and IN capable of being comrputer painted. The
possible. These features, combined with MIC hybrid matrim antenna configuration was specifically deosigned for hat-Jiung high
techniquess for multiple beoms, diode phadsors and hybrid drivers CW power levels at IC-baird frequenciek without the use of forced
for beam steering, and flush mounted radiating elements air or liquid cooling. A 32-inch Ceasegrain antenna aystenm was
provide the system designrwi with a versatile antenna system. aslected to provide a minimum antenna gain of 32 13 db over a
Prototype arroyo designed at wavelengths of 30cim. 10cm. 7cm 6% transmit frequency band and a soeprate 5% receive frequency *and 3cmn are described. Author bend. The antenna radiatos a right hand circularly polifried signal

at a CW power level of 12.5 kW and simultaneoustly receives
N74.31668 Navel Research Lab., Washlington, D.C. Radar left hand circuiarly polarized signals. Computations utilizing

Div. measured antenna patterns indicate the antenna noise temperature
PATRSADPLRZTIN FGMLANUL to bet 64 K. The teedhorn Is a simpie conical hurn aperture

EXCITEDN PANAR POARIRATIONS AO NFSIMULANEOUSLY operating in the dominamnt mode. A 2-roil Hfilirn aperture window
EXCIEDPAA ARASO ACOFRA R serves as the feed radomit and pressure bairier. Compactness Is

J. K Hsao nd .U.CheIn GAR Anenna fo Avonis ochlaved In the feed design by Incorporating a circularly poiarized
J. K Hiso ad A G.Cho n AARD ntemasfor vioicsdual mode transduceir which generates the required senses ofJun. 11974 10 p refs lFor avaiiability see N74-311667 211-09)crua oalainada hesm iapoie h ulxn

A conformal atrray on a surface of smali curvature can be circularth po transmto and at tely sigame .tiApoie h uthor
approximated by a number of planar arrays, several of which btentetasi n eev inl.Ato
rnre be excited simultaneously so as to achieve a purformance
similar to that of a conformal array. Since the main beom of a N74-S1673 Eleema, Ilurmines iFromcei.
planar array can be steered to any direction in visible space, PRONLEMS Of ANTENNAS OPERATING IN THE TIECMET-
s everal arrays, each oriented In a different direction, can be RIC S BAND REGION [IROELE1111MES D-ANTINNES POISE

eleced cooperatively to form a sinigle beam In a desired direction. PAR LB PASSAGE IN NANDI! 5 0ES TELEMESURES)
A general formulaition of the radiated field of such an array of M1. Nicoles and C. Mest In AGARD Antennas for Avionics
arrays Is developed with the aid of formulas which reiate the Jun. 1074 13 p In FRENCH (For availability sea N74-31667
components into which a vector Is resolved In one orthogonal 21-09)
coordinate system with those into which the some vector Is Principles of ground antennas, noting 5 band and automatic
resolved In a second orthogonal coordinate system. Using this tracking are given along with design examples. The anitennas
formulation, it can be shown that within each array, Iha are of the parabolic reflector type with a monopulse source.
conventional row and columnn phase setting can be used. As Thteaaesgasaetetda ucino opst
exampiea. the radiation patterns end polarizations of multiple analog signals generated and delivered by a contest sweeping
Arromayiso of soth dipoles plre a stuid rising it the pres ntvorultionl arrangement. An example was also given of a ground antenna

A coparson f te mutipe plnararra wih th coivenlatalsimultaneously receiving In two bands, 5 and VHF.
conformal atrray Is also presented. Author Troeal. by E.H.W
N74-31670 Terms Elaktroriisl Industri A/S, Aerhus (Denmark).
DESIGN OF PERIODICALLY MODULATED TRI-PLATE N74-31674 Royal Aircraft Establishment, Farnboroughl(Erglandl.
ANTENNAS RADIATION CHARIACTERISTICS OF His NOTCH AERIALS
Finn Louisan In AGAIllb Antennas for Avionics Jun. 11974 INSTALLED IN SMALL AIRCRAFT
5 p roel WaFr availability sea N74-31067 211.00) N. A. 0. Pavey In AI3ARD Atirennes for Avionics Jun 1974

A new configuration of periodically modulated traveling wave 15 p roef IFcr availability see N74-315037 21-09)
tifplet e anternnae has been developed. The physical complexity The radiation characteristics of HF notch aerils In small *
data are extremely difficult to predict by any known enalytical in two main modes: a magnetic dipoie mode resulting from the
methods. Three different measuring methods to achieve experi. high local FIF currents flowing around the notch, and an electric
mottel design data are discussed. The for field method, which dipole mode resulting from longiludinul lIF currents in the

has been further developed during this Invsctigation, the near fuselage. A procedure Is given for the eatimation of the redistion
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33 ELECTRONICS AND ELECrRICAL ENGINEERING

Hffioiency of an aircraft notch aerial i1 is shown that high radiation spacing law on gain and ueamwidth is estimated. The beam
,fficienclos may be realized ot frequencies near the aircraft pointing error, the beam granularity and the magnitude of the
Alectrical resonance. typically 10 MHz, but that a rapid reduction peak sidelobes are presented here for the three arrays, It is
of radiation efficiency occurs at lower frequencies A radiation shown that some reduction in the number of elements required
efficiency of less than 0 1% ntt 2 MHz In to be expected ior to fabricate an array may be achieved if the intereolement spacing
mrny aircraft notch serials Author Is not made equal. the magnitude of the grating lobes may be

significantly reduced if the spacing law is chosen correctly Lastly "1
a simple meant. by which a static split system may be achieved

N74-3'1,75 Collins Rodieo Co . Cedar Rapids. Iowa Tulecom. is discusserd and some simulation program results presented.
munications Etujipment Div Author

HF ANTENNA SYSTEMS FOR SMALL AIRPLANES AND I
HELICOPTER$
.R E. Deasy Ir AGARD Anrtennas for Avronics Jun 1974 N74-31679 Naval Research Lain. Washington. DC

18 1, (For availability use N74-3167 21-09) AEW RADAR ANTENNAS

Basic Inform.lton is presoeted to help antenna designers Toenos Liewelyn erRhys and Grealle Anderson Andrews, Jr. In
iand installers provide optimumi HF antcnna systems on small AGARD Antennas for Avionics Jun 1974 17 p tefs (For

airplanes and helicopters. Discussion Involves practical sntenna availeullity see N74.31667 21-09)

Installation considerations rather than detailed antenna theni:1 It is shown tnat the single most important factor Influencing ,
Wire. shunt/notoh. arnd tuned monopole types of antennas and the ability of the AEW radar system to operate Is the antennas
associated antenna nouplare are discussed Importarit details sldelobe performance, In general, this sidelobe performance is
related to the selection, rtallatiorn, and successful ope~rdtion of dominated by the airframe on which It Is mounted. Careful design
theeim antenna systems are given. Typical antenna location, side, is needed, considering both aerodynamic as ,velt ae electrical
arid c-,,'rttilratlon are related to aircraft characteristics. Three aspects, before an overall optimal system configuration ean be
commnin forms of wire antennae (long wire, inverted V, and determired. Once this antenna aidelobe performance has reached
short grounded wire) are illustrated. Techniques such ae RF an acceptable level, It is then found that the next limitation is
grounding, bonding, and shielding to eliminate FIFi are discussed that due to errors in the compensation of platform motion.
in detail. Shielded antenna friedlina techlcniques (including efficiency Recent advances In digital processing technique offer many
considerations) are shown. Voltage-altitude design considerntions advaintages in connection with moving-target indication (MTI)
are given. Shunt and notch type antennas are illustrated and but these can only bo realized when the platform-motion
general detelie of location, size, and construction are discussed, compensation is sufficiently accurate. The various system
A typical installation is detailed showing RF[ considerations. A considerations governing this performance are discussed and the
tuned monopola (with load wire) antenna is discussed for requirements reflecting on the antenna performance described
applications on smell airplanes and helicopters Typical installation In detaill Author
guidelines are given along with details showing HFI considers.
liors. Author N74-31680 Cheilton (Electrostits) Ltd., Marlow (England)

AIRBORNE LOW.VHP ANTENNAS
N74,31676 MEL Equipment Co.. Ltd. Crvwley (England) Charles E, Cooper In AGARD Antennas for Avionics Jun.
VERY SLIM, 4HIG01 GAIN PRINTEO CIRCUIT MICROWAVE 1974 8 p (For availability see N74.31687 21.09)
ANTENNA FOR AIRBORNE BLIND LANDING AID A blade type antenna design Is considered for airbomrn '1
W, Hersch In AGARD Antennar for Avionics Jun. 1974 2 p transmission and reception, with variants covering major sections
(For availability ade N74-31667 21-09) of the overall frequency band from 26 to 100 MHz. It uses

A very Alim stripline microwave antenna designed for C • miniature high vacuum relays to tune via pte-selection of up to
Band consists basically of two aieletlvely etched POLYGUIDE six binary related inductors. providing up to sixty four tuning
boards. The Integral radiating elementr are 2 stacked dipoles, combinations, with individual band wldthb varying from about
backed by a reflector, yielding a c-'dioli shaped beam ap. -t or - 0.5 to 6.0 MHz, The relays are remotely controlled
proximately 40 degrees wide, An aa•rdynamlcally shaped redome either manually or automatically, and the rotund process can be
and the use of high tempraitute materials makes this antenna virtuaily instantaneous upon both recelve and ready to transmit
suitable for all supersoloic aircraft. Author modes, without having to be incepted by any period of trenriis-.

sion. Incorporation of a variable tuning system was compelled
by the specified combination of total frequeicy coverage and
maximum allowable dimensions for the antenna However,

exp erimental investigations Into the practical limits of bioadband-N74-31877 Marconi-l.iott Avionic Systems Ltd.. Borehomwood Ings produced an antenna design fixed tuned to cover 30 to
(England) 46 MHz. which is briefly described. A brief outline of a wideband
POIYROO AERIALS FOR AVIONIC APPLICATIONS VHF homing antenna which uses elements formed out of
M Scorer and A M. Smith In AGARD Antennas for Avionics transparent metaliic-filmn depositions upon the acrylic canopy of .4
Jun. 16'4 13 p rate (For availability sea N74-3 1887 21-09) the Gazelle hhlicoliter is included Author

The effect of adding rectangular dielectric slabs, having cross
sections of the order of tens of square warvelengths, to the
aperture of an aerial iF studied witn a view to increasing Itso N74-316B1 Office National d'Etudes at de Rectierches
gain A theory has been developed to describe the performance Aarosoatiaies. Toulouse (France). Lab. du DERMO.
of such en aerial and has been verified exoerlmentally. Theoretical TE BUD 11 CIRCULAR WAVIPOUIDE FERRITE PHASERS I
and oxperimental curvmes of gain enhancement versus slab length OPTIMIZATIOfM
for slabs having various dielectric constants are presented. Hybrid A. M. Dupvit and A. C. Priou in AGARD Antennas for Avionics
slabs, comprising sections of different dielectric constants, have Jun. 1974 18 p rafe (For availability see N74-31687 2 1.09)
been designed according to the theory and .hocw improved An exact analytical and numericel method has befii elaborated
performance over slaba of constcrnt dielectric constant. Slabs for the complete determination of the propagating modes in a
excited by feeds whose 3pertures have cross sections smaller reduced size circular TE I wavegulde part~ally or fully filled with
than the slab cross section have also been examined. Author a losay axially partially magnetized ferrite rod, Computed rasults

at 17 GHz and 9.5 GHz are presented which allow for
N74 31676 Royal Radar EatablIshmem, Malvern (Englrnd). oprimization of circulary polerisad phasers such as Dual Piode

LINEAR PHASED ARRAY FOR YAW STABILISATION Phiseers (D M.P.) or Polarization Insensitive Phasers (PIP).).I

0. S. Hicks In AGARD Anttunnas for Avionics Jun. 1974 Author
14 p rofe lFor availability sea N74.31167 21-09)

The theoretical performance of a linear digital phased array N74-31092 Communications Research Centre. Ottawa (Ontarto).
with both equal and unequal Interelement spaoing has been Dept. of Communications
investigated with the aid of a computer program written in A CROSSED-SLOT BILT ARRA, ANTENNA FOR SATELLITE
ALr3OL 681. Thisr aerials have been studied. The first is a APPLICATION
conventional linear phased array in which eanh element r-onsi-its R, Braltheupt. B. Clarke. and 0. Waung In ACARD Antennas
of a wavegulde horn. The elements era placed side by side to for Avionics Jun. 1974 14 p refs (For availability see N74-31687
!orm a fully filled aperture. The other two arrays consist of identical 21 -0.)woveguide horn elements but thJ speclirg is not equal. Two A partiaily complete feasibility study of the design and fabrli-
arbitrarily chosen spacing laws were studied each of which had cation of a fixed beam. circular-polarized belt array for possible usean exponeiitial form. The loss in gain de tit phase quintizarion as a telemetry/commend antenna on a geoslationary cummuruca-
has been calculated and the effects of the unequal inter-element tnone satellite, is described. This application requires a toroid
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shaped coviridgo pattcin for use whien the satellite in not anti a manual contriotted boam selector/ indicator The design of
oriented on station~ The brilt array of circular-polarized elementi the stray is based on a mathematical model that has been
used is led using travelling wave excitatioin by a thin plated conistructed frorn tirsortictri corniiderations and *sperimental
dielectric waveguide of 060 in x 2 350 in. crass section~ After results Mutual coupling effects are accounted for by using

clots with exiternal dielectric loadirng were finatly chosen. These hatween thri anteniras wers determined in such a way that a

elements wero malched anti chararctetrized in lernic of scattering nearly conatant dirtectivity in the yaw plane ot tire aircraft could
purameters in arn active ntire environment Measured performance be exspected The prerforimance of the array was evaluatecd in
Lif thivn array was lese hair expected due in arilifilicanl effects several flights in which radiation patterns were measured in the
of tolerance and placoeinirr of the external rtieinctiic loading air receive arid the transmit mode From thesei irrrrasurertents it Is '
individuial elements Author concludedt that with the linear prhasedi array of eight bladle

rintennaet grin of 10 dli cart ie achrieved Author

N74-31653 Birmingham WINi (England). Dept of Electronic N74-31687 Communications Research Corrtra. Ottawa lOittariol.

end Electrical Enginreering. Deipt of Cottmmunicationls.
CROBBSPOLARISEO RADIATION FROM SATELLITE UHF LINEAR PHASED ARRAYS FOR AERONAUTICAL
REFLECTOR ANTENNAS SATELLITE COMMUNICATIONS
A W Rudge. T Pratt. and A For /ir AGARD Antennas for H. L. Werstiuk. J. 0. Lambert, L. A Mayrrard and J. H Chinnick
Avionics Jun 1974 9 p refs (For availability sse N74.3 1667 In AGARO Antennas lot Avionics. Jun 1974 14 p ists (For
2109) aviablt Eeu N74-31667 2-9

The limited RIF speactrum which is available for satellite An ultrahigh frequency phased array antenna has been
communication systems has ted to increased interest in the use developed and test flown ott a Canadian Forces C-47 Dakota.
of dual polarized arid orthogonally polarized multiple beam and a C-130 Hercules. Successful voice comnmunications were
antennas Since an accurate knowledige of the antenna srde- achieved with the aircraft terminal% via the Lincoln Experimental
lobe e nd cross polarized radiation is necessary to ensture adequate Satellite LES-6 at 300 MHz. The prototype antenna system
Isclation between RIF channels. this paper examnines vome available consists of nine blade antennra elements nmountesd along the top
technriques wvhich can be employed to predict the vector fields of the aircraft fuselage. The antenna is electronically scanned
of reflector srtiterirre The problem of providing an adequate and genoiaerte a seriese of symmetrical conical ten beams. The
description of rhe antenna primary teod radiation is found to be electronics necessary to control the array scan a.' relativety simiple
a critical factor Rlesulrs for predicted and measured cross polarized because of the single dimenaloir of the atrroy and the Insensitivity
radliationi fields situ presented. Author of the patternsr to large phase errors at each element This paper

describes the techniques used to construct tire phased atrray.
N74-31584 Royal Radar Establishment. Malvernr (England). and some of the test results obtained Two miathodSi developed
PROBLEMS OF LONG LINEAR ARRAYS IN HELICOPTER to provide arutomatic tracking for the array are also described
B LAD ES Author
R. H J. Cary /it AGARD Antennae lot Avionics Jun. 1974
18 1) nets [For availability asse N/4-3i667 21-04)

Helicopter blades ofler aites for the incluaion of long N74-31688 Transp,3rtation Systemns Wuinter, Crimliridge, Moast
microwave antenna. to give narrow azimuthal beams scannedACOPRSN PTW LADAIRFT NENS
by the rotation of the blades~ The variation ot blade attitude as A OMPAERIONAUIA SATEOLLITE APPIRCRAFTIONTENA
It rotates is such that It may 111g. lead. brend In vertical and Robert G. Bland and John M. Clarke itr AGAIID Antennas for
horizonrtal plaens aind twiat. and in conrsequience places tullts Avionics Jun. 1974 24 p rtels (For availability see N74.3 1616
on the practical length of a linear array. The choice of location 2-9
lo niirtannas. eitheri in the frorrt or trailing edge. ot out Ot inboard 21091 io smaeo temaurdprfrac

in dscusedCertin dvaitaes acru frm a esin werecharacteristics of twO Circularly Polarired flush mounted L-band
tire antenna is located near the center of gravity of the blade aircraft antennas for aeronautical satellite applications In wrder
suction, and radiatirig rearwards thrrough the trailing edge. which to facilitate radhiationr pattern measurements, the previously
requires to be of dielectric malarial. The length of the section validated technique of uaing a iscala model aircraft ainrtenna was
of the trailing edge can be employed as a dielectric tapered epoe.Oa ftecniaeatno ne oprsnI
slab antenna to shape thre beam in the vertical pflanes and giveemlydOnoftecddteaensudrcmpions
more gain and direct the boorr In a given direction Theoretical aer caviydbcked diole a fod0 solot configraton. Masnairemet
discussion of the mrechanism of this antenna and the choice wescoutdofa11t cl oelo ovi 9aircrtaft. The other antenna is an orthogonal made crosserJ-slat
permittivity (or flth dielectric slob is discussed Author contiguration In this caase measurements were conducted on ai

1/20th scale model of a Boeing 707 aircraft which is almost
N74-31685 Socieste Techniqlue d'Applicatloti at doe Recherche identical In alas to the Convair 880. The baxic requirementa of
Eisctrorioaus. Messy (France) this class of antenna aer to provide moderate gain of i14 above
A COMMUTATION ON ANTENNA SYSTEMS COVERING istiopic at L-band over thre upper hemrispfieric rergioni of the aircraft.
STANDARD AIRCRAFT AND BALLOONS ISYSTEME A diversity combination technique study for thrn two antmnnas
DANTENNES A COMMUTATION REALISANT UNE under comparison considers a switched multiple element system
COUVERTURE AVION AUX NORMES AEROSATI in which various fuselage placement end combination arrange-
C. Ancona anti P Froidune dIr AGARD Antennas for Avionics monte of elements aer evaluated. Author
Jlun. 1974 8 p rets In FRENCH (For availability asee N74-31657
21-091

Aeronautical satellite design, utilizing aircraft antenna systemts,
to assure hemispheric coverage with a min~rmum of gain was N74-31089 Selerria Sp.A. Rorme (Italy) Antenna Seactioni.
discussed. Threw types of systems were considered: the electric CIRCULARLY POLARIZED L-SAND PLANAR ARRAY FOR
scanner network, mechanical orientation solutions. and commut- AERONAUTICAL SATELLITE USE
able antenna systems. Several theoretical aspects of the problem Bonito Ralumbo and Salvatore Cosentino In AGAIID Antennas
including angular relations, gain of antenna axis assuring such for Avionics Jun. 1974 15 p refs (For availability see N74-3 1667
coverage, and the minimum gain In the angular zone considered, 21-09)
wore examined ,Tranal. by E.H.W. A circularly polarized L-hand planar array for aeronautical

estltotetit se is presented. A simple trade-off Is outlirned among
N74-31686 National Aerospace Lob., Amsterdam lNetherlancfel. the several earth coverage antenna types mainly for what concerns
A LINEAR AHRAY OP BLADE ANTENNAS AS AN AIRCRAFT the constraints on weight and sizes. From this trade-off a planar
ANTENNA FOR SATELLITE COMMUNICATION array. consisting of two Inrterlaredl arrays of transverse and
0. B. M. Pieterasir. J. P. S. Vreebrnrg, and F Klinker In AGARD longitudinal slots, appears the mo0st attractive solution, mainly if
Anteonnes for Avionics Jun 1974 13 p rtef (For avsilability wide nperating bandwidths are not required. The design criteria
asee N74-31667 21-09) for Such an antenna are presented and the principal eleictrical

In a ground -satellite.aicranft communuiucation syar. n the critical areas together with the main technological and mechanical
aircraft antenna is a critical pert since it has to meat the typical characteristics are discussed. Tfre matin results on an experimental
anvironmnental requirements antd poetess a rather high grini. This work on transworrse slots are reported with their implItationst on

vpaper describes a suitable anrtennra system., insttrlled on a t-okkar the antenna designr criteria Experimental results (radiation
Friendship airorreft It consists of a linear array of blade anten- patterns. VSWVRI on a breadboard and on the L-band model are
nas, a power division and phaee shitting network inn coax techinique presentedf. Author
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N74.31090 EMI F.Mectroni•is Ltd., Faitham (England). The variables investigated (for a fixed length notch] are notch
10 UPPER LUIAND TELEMETRY AERIALS FOR ROCKET$ AND width, thickness of the section. and feed point position It Is

MISSILES possible to drive the notch either as a narrow band quarter
"" J Mahoney /Ii AGARD Antennas for Avionics Jun 1974 wave radiator, or as a half wave radiator with a frequency
17 p rats (For availability see N74-31667 21-09) bandwidth of 2 01 Several posaible applicatione are discussed.

Future telemetry systaillr oil irislleas nd rockets are likely including an orrni-azimuthal horizontally polarized radiator with
to operate at upper Llband frequenries. The advantages to be a band width of 3 0 1 Author
gained and the irollerisrs likely to be encountered at these higher
frequenrcies and thi effects of change in tile radiation pattern

due o rcrauarteletricl sacin bewee indvidal ethee ~N74.31695* Jet Pioputsion Lab. Calif Inat. of Tacht. Pasadena=E,"due to inlcruseae electrical spacing between individual $crisis Is DUAL FREOUENCY DICHROIC FIEED PERFORMANCE

given for a wida ranrge of nmissile diametert; Methods of improving
the iadiation pattern coverage by altering the phase distribution
to individual aerials and/or increasing the number of aerials are 0. A rfsthk(ur Iri AGARD Antennas foi Avionics Jun. 1974
described Effects caused by missile projections. i.e. wings and (Contract NAS7. 100v
"atailfins and surrounding structures such as launcher tubes and CSCL 17B N T-•aircra'ft fuselage upon the radiation pattern are discussed. A TheL NAADe paeNt7B) nspotoftVkn

comparison between thu perforrmiance of existing telemetryaels Thu NASA Daep Specs Net (DEN) in support of the Viking• operating at 450 MI-s arid venous prototype upper L.banrd Mars Prolaet in 1976. and for science and technology delmonstra.
aperialt is given Protlmam ralatlaig to the working environmmntel tions during the Mariner.Venus-Mercury mission in 1974, lies

rriti I giveon P for a wide range of missile applications er den developed and implemented a dual IS. and X-band) feed for
scribedi. Author large ground microwave antennas. This floed provides for aSmultiplicity of functions; very low listening capability at each

downilink (spacecaftrto-earth) band as well as simultaneous
N74.31111 Rome Air Development Center, Gtiffias AF6, N.Y. diplexed very high cw power uplink l(irlh-to-spaceoraft) at the
ELECTRONICALLY SCANNED TACAN ANTENNA At AN S-bend frequency. Total 64-m antenna system performance, Is
""IENROUTE AND TERMINAL NAVIGATIONAL AID considered in feims of gain. operating noise temperature and
Edward J. Christopher In AQARD Antennas for Avionics Jun. dual boam pointing or boresight coincidence. Because of the
1974 11 p rfsf (For availability sel N74-31607 21.09) unique ability to fold or stow the dual band feed elements for

The principles of operation of present mechanically rotated single band operation&. the performance definition between
Tacair antenna systems and their performance characteristics are letir and dual bend operations will be reliable ard accurate.
considered A Tecan capable of providing full bend oper'tion Author
and eleotronic scanning In a single radiating structure Is
demonstrated The array approach permits elevation pattern
shaping. Through a combination of steep pattern slope at thehorizon and low side lobes below the horizon, siting is lees N74.31691 Slemens AG.. Munich IWest Germeny) Zentralieh.
sensitive, I.e bearing crrors over the required special coverage luer Nachrichtsnteohnik.
of thn Tacan system, which are introduced by the antenna EMPLOYMENT OF NEARFIELD CA9SEGRAIN ANTENNAS
envirouinent, are nitinirli,d, There are no moving parts that WITH HIGH EFFICIENCY AND LOW 6IDLOSEI6 , TAKING
require preventive maintenance and modular design allow most THE INTELBAT.GROUND STATIONS AND THE gERMAN
repairs to be made in the field, reducing both mean time and HIILIOS.TELECOMMAND STATION AS EXAMPLES
mean cost to repair when compaied with existing mechanical Uwe Leupelt and Wolfgang Rebhan In AGARD Antennas for
systems. Author Avionics Jun. 1074 10 p refs (For asvilability sas N74-31667

21-09)
A number of the large reflector anlennas now employed by

N74-31692 AEG.Telifunken. Ulim (West Germany). ground stations for satellite communication are constructedANALYSlIS OF FINITE ARRAYS OF RECTANGULARJ
APERTURES ON CONDUCTING ELECTRIC aOATED according to the nearfleld Cassegraln technique. After a short
APERTURES Odescription of the basic electrical principles involved as well as
CYLINDERS of the method of obtaining oconstant aperture illumination with
J. Vogt In AGARD Antennas for Avionics Jun. 1974 7 p the nearfield antenna lsoandthusoptimizingeffioienoy bysuitable
refs (For availability see N74.31 667 21.09) shaping of the reflectors, a novel design for antennas of this

The aim of the presented theory is to investigate the influence type discussed. It allows the sidelobes of the radiation pattern
of mutal coupling and creeping waves on the performance of a "a be reduced without excessively reducing gain. A special toroidal
phased array antenna. consistung of a finite number of aperture aperture illumination and a favorable arrangement of the
flushamounted an tri surface of an infinite conducting ultindsrw subrefleotor supports ere used ior this purpose. The dimensions
with a concentric dielectric covering The numerical results show and design of the 28.5-m antennas already mentioned inthat mutual eflects are reduced due to tire cylinderlcul structure connection with the Intelsat system ore discussed and the 30-m
of the surface. but are Increased due to the dielectric covering antenna rlow under construction for the German Hellos teolcom.

Author mand satation described as an eamrnple for the realization of an
antenna with low sidelobas The radiation characteristics at higher

N74-31S93 Office National d'Etudes at de Rncherchas frequancias and the cross-polarIzation properties with the aid of
Aeroapitieles, Paris (France). measured radiation patterns are illustrated. Author
MICROWAVE ANTENNAC FOR HYPERSONIC MISSILES
Christian Posit Ir AGARD Antennas for Avionics Jun. 1974 N74-31597 Messerschmitt-Boelkow-Blohm G.m.b.H., Ottobrunn
4 p lets In FRENCH, ENGLISH summary (For availability ase (West Germany) Dynamics Div.
N74-31667 21-09) DEVELOPMENT OF AN SI.AND DUAL MODE HORN FOR

Within a flight program almed at analyzing physical phe. TELEMETRY RECEPTION BY THE 100 M EFFELIBENO
nonran during reentry of air hypersonic missile Into the RADIO TELESCOPE
atmosphere, three types of antennas were used, radiating in the W. Hess and B. Liesenkoetter In AGARD Antennas for Avionics
S. C and X frequency trends The type of antenna chosen Jun. 1974 8 p refa (For availability see N74-31667 21-09)
(rectangular iris embedded in alumina) allowed A design satisfying A Gregorian antenna system with 100 tin paraboloid is being
particularly oevule environment conditilonis while retaining a widely equipped with a dual mode horn feed in the secondary focus to
open radialior pattern, which permitted an omnidirectnonal pattern provide favorable gain and noie temperature characteristics. The
set. to be obtained, by a combination of sets Author limited size of the apex cabins demanded length reduction by

optimizing the hoin feed zone In addition a directional coupler.
integrated In the horn feed zone, Is developed for special test

N74.31694 Royal Aircraft Establishment. Famnborough lEnglandl purposes. All measurements during the development period as
THE DESIGN OF WIDE BAND NOTCH AERIALS AND SOME well as the qualification tests ame been carried out on a X-band
APPLICATIONS TO AVIONICS scaled model The design of the original horn feed aimed in
George Bagley In AGARD Antennas for Avionics Jun 1974 particular at cheapness, a short manufacturing period and a low
9 p refs (For availability see N74-31687 21-09) weight Thus a frame construction with non supporting mIner

Experimental results obtained from notches of a variety of horn structure Is applied Author
rectangular shapes cut in semi-infinite metal sections are reported.
rind the various conbinations of center frequency and impedance N74-31689 Air Force Cambridge Research Labs.. L G. Hanscom
bandwidth which can be obtained from a notch of fixed physical Field. Mass Microwave Physics Lab.
length are illustrated The results relate to notch used in thf, ARRAY AND REFLECTOR TECHNIQUES FOR AIRPORTself resonant mode, without any additional lumped rewi'ni" PRECISION APPROACH RADARS
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Robert J. Mailloux and Philipp Blacklmith In AGARS Antennas a proper Coordinate transformation can be affected and prlni.ipal
for Avionics Jun 1974 14 p raft (For availability fie N74-31667 plane measurements plotted. The antlnna signal source is provided
21,01) by a delayed beacon triggered by sit illuminating radar and driving

The current state-of-the-art among array Ind array/reflector the antenna under tests To illustrate the results patterns for a
antennae for limited scan coverage, is surveyed and some new X.band Insetalerion ate shown. Coverage can be provided for en
array techniques for this applastion are introduced. Other system azimuth profile from nose-on (0 dog) to tail-on 1100 dog) and
parameters. Much ec frequency selection, are discuessd in light for an elevation profile beam 0 dog to 30 deg below the aircrah
of their influence on antenno design requirements but the principle for fixed azimuth aspects of nose-on and tal-on. Angle accuracy
task addressed by the paper is to use the parameters of present is + or • 2 degrees and the accuracy of antenna gain measure.
PAR antenna systems to estimate the potential advantages of manis is estimated to be -i or - db. Author
now technology. Examples cited as new technology include the
use of arrays to feed dual reflectors ot lenses for improved N74-31703 Tachnische Hochschul.. Aschen (West Germany)
ar,4,ilura efficiency and reduced array size. rnd the AFCRL array AN IMPROVED MEASURING TECHNIQUE FOR INVE'irGA.
techniques using large multtimode apertures for grating lobe TIONS OF THE NEAR FIELD REGION OF ANTENNAS
suppression and pattern control. Comparisons of these types of
technology are given for selected applications. Author Ruediger Anders In AGAfRD Antennas for Avionics Jun, 1974

' Nlnh B p refs (For availability see N74-31067 21,09)
N74,3169 Royal Aircraft Establisthment, Farnbaraugh tlngland). A new scattering technique for low reaction measurements
NOTES ON THE RADIATION PATTERNS OF HF AERIALS of electromagnetic fields is presented using a small diode probe
INSTALLED ON HEUCOPTERS without any conrductive feeder. The basic principle of this technique
W. T, Blockband In AGARO Antennas for Avionics Jun. makes use of the frequency mixing property of a microwave
1974 6 p (For availability see N74.31067 21-01) diode as scatterer to convert the probe signal to the X.band

ter are considered and their radiation patterns predicted. Scale up by a remote auxiliary antenna. The theoretical background is
model experiments have confirmod these predictions. Two modes given and several measurement set-ups for different operation
of rotor modulation are possible. These have different characteris- conditiors ere discussed, Author
tics, the first affecting signals at all azimuths while the effects
of the other are most apparent near to minima In the radiation
pattern. Author N74.31704 Deutsche Forschungs. und Verauchsonstalt tuor

Luff. und Rlumfohrt, Oberpfaffenhoten (Weal Germany). Inst.

N74-31700 Forschungainstitut fuer Hochfrequenzphyaik, fuer Flugfunk und Miltrowelten,

h Werthhoven lWest Germany), DETERMINATION OF THE MOVEMENT OF THE APPARENT

RADIATION CHARACTERISTICS OF THINNED ARRAY PHASE CENTERS Of AIRCRAFT ANTENNAS FOR CAL-

ANTINNAS IBRATING THE iDES INTERFIROMETIR

W. Soentgereth in AGARD Antennae for Avionics Jun. 1974 A. Ilschrott and S. Modabber In AGARD Antennas for Avionics
Sp rafe ( For availability see N74.31667 21-00) Jun. 1974 26 p refs (For availability see N74-31667 21-09)

The well known statistical relations between element A new method for the determination of the curve oni which
distribution and radiation pattern of density tapered arrays are the apparent phase centers for an aircraft antenna moving with

surveyed. Following a discussion of the statisticel distribution of respect to aspect angle. is presented, The definition of the apparent
the signal energy in sidelobe directions, the efects on the radiation phase center is discussed. The test equipment Is explained by

pattern of a special element distribution, i.e. the minimum distance mans of a schematic diagrem. Sources of error and the accuracy
of half a wavelength between adjacent elements is Increased to of the approximation method for analytical determination of the

one wavelength, are also treated. A brief study concerning the phase function are also discussed, An ALGOL computer program

problems which are caused by the digitally controlled phase is developed for the calculation of apparent phase centers from

shifters commonly used in phased array technique is Included, measured date. Finally, the dlvalupment and the optimizalton of

Author the radiators meeting the requirements are described. Author

-N'/4-S111 Deutsche Forschungs. end Verauchialtrtlt fuer N74-31705 Forachungsinstilut furs Funk und Mathemallk.N74-170 Detsch Foachngs.undVaruchsnstlt uelWotthoven (West Germany).
Lute. und Raumfahfl, Brunswick IWest Germany). Inst. fuer Werthoven AWest GermanyI. WITH A PHASEerFiugfuehrung. OPF-SORESIGHT ANGLE ESTIMATIONIN-PLIGHT MEASUREMENT OF AIRCRAFT ANTENNAS COMPARISON MONOPULSE SYSTEM

RADIATION PATTERNS W. Sander In AGARD Antennas for Avionics Jun. 1974
Helmut Botha In AGARS Antennas for Avionics Jun. 1974 13 p role (For availability see N74-31567 21-09)
9petfsut (otr navailabilit Anen f74-31 r Avions JThe problem of estimating the angle of arrival is considered;'9 p raft IFor avilailibtty see N74-31667 21.00) fnr phase comparison monopulse iPCMi system in the presence

SAn In-flight measuring system which Is completely In- fn hs oprsnmnplo(Clsse ntepeec
Aof internally generated thermal noise. A maxilnum likelihood

dependent from groundbased position finding equipment like radar ati'and kcinetheodolites. The measuring method is based on VOR anaiyais produces the form of the estimate which does not differ
ry High Frequency o mTidirmetional Range System) and o uME essentially frain that found earlier for an amplitude comparison

(Very HihFeunyOniietoa ag ytm n MEmonopules (ACM) system. In deriving the probability density
S(Distance Measuring Equipment) information obtaiied onboard fonoful he esyste. n derimin s the noninear
thea hfunction of ha estimate, no approximations of the nonlinear
other necessary paromaters like heading, altitude, pitch and roll inonopulse error curve are made. Therefore mean arid variance
a e e d l pof the estimate computed by numerical integration are valid atangles. These parameters are used to calculate the aspect angle any signal nolse-rotio and of any angle The bias of the estimate

and the distance of the aircraft from the grounid based field ayaga os-ai n tayageTebe fteacmf
n at low and moderate SNR is higher than known by other theories.intensity measuring device. Real time calculation is done on aA computer simulation proves the corrctness of the results A

digital computer, The computer output supplies aspect angle and comparisonUbetwen passhe eaon tro lU~n l m i
distance corrected field Intensity as well as flight-poth parameters comparison between radar ad passliv beacon tricking mode is
In analog voltages for graphic presentation. After a detailed mentioned. Author
dercripllon of the measuring method and system some exam.
ples of measured patternsare ashiwn. In addition the magnitude
of possible errors in the plotted radiation patterns are dis.
cussed. Author N74.317064 Ohio State Univ., Columbus. ElectroSciance

Lab.
ROLL PLANE ANALYSIS OF ON-AiRCRAFT ANTENNAS

N74-31702 Naval Research Lab., Washington. 0 C.

DYNAMIC MEASUREMENT OF AVIONIC ANTENNAS W. D. Burnside, A. J. Marhsfka. arid C. L. Yu in AGARD Antennas
for Avionics Jun. 1974 23 p rels (For availability see N74-3 1667

I. D. Olin and E. E. Maine. Jr. In AGARD Antennas for Avionics 21-09)
Jun. 1971 14 p refs (For availability see N74-31687 21.09) (Grant NGR-38-O08-144)

The equipment, data handling. flight control and some of CSCL 171
the results obtained with a system specifically designed for The roll plane radiation patterns of on-aircraft entennas are
dynamic measurements is described, The determination of aircraft analyzed using high frt*uency solutions. This is a basic study of
aspect angle uses an approach based on measurements made aircraft-antenna pattern performance in whiufh the aircraft is
at the ground radar site with the alicraft living straight line modelled in its most basic form The tuselage is assumed to be
counres. Then making certain assumptions regarding flight attitude. a perfectly conducting elliptic cylinder with the antennas mounted
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near the top or bottom. The wings are sinmulated by arbitrarily the basic npn transistors In process 3 are briefly discussed
many sided flat plates and the engines by clicular cylinders. Some circuit designs conducted on the two processes include a
The patterns in such case verified by measured results taken on programmable logic array. an error detector for digital transmis-
simple modals as well at scale models of actual aircraft Author sions. and random access 258. and 1024-bit rmemories. Injection

logic Is described and its impact on large scatle integration and
N74-31707 Hughes Aircraft Co.. Fullenton. Calif Ground processing technology Is discussed.L.
Systems Group.
INVESTIGATION OF CHARACTERISTICS AND PRACTICAL 1175.211049 Associated Semiconducto' Manufactureors, Ltd.,
IMPLEMENTATION OF ARBITRARILY POLARIZED RADIA- Southampton lEngland).
TOSR ik.0M oe .Tng n .S INn BLO ARAAYS THE A. IG HbOFrn Mn A INTDGCuTEmDeg fIRC LageITal
TORIllk.DM.Je R aa adN INg nA R ALO AAAY T HE DEIGNeI OF AR Musto IN TDesg foIRCUITS cal
Antenrias for Avionics Jurr 1974 15 p oft (For availability Integration fISI) Apr. 1975 20 p rots (For availability see
iee N74-3 1667 21-09) N75-.26047 15-33)
(Contract F19528.70.C.0142) The principles, constraints. and techniques which dletermine

The feasibility of obtaining arbitrary polarization in ooth onie th* methods used for the design of metal oxide semiconductor
and two dimerneionsl arrays of slots In dual mode bifurcated Integrated circuits are described. The two basic approaches are
waveguidsa has been demonstrated. The radliating element uniohannol circuits. using either p or n channel transisltos, and
consists of a pair of crossed *lots In the sidewaell of a bifurcated complementary circuits, using a combination of both types of
rectangular wavagulde that couple to even and odd wavogulde transistors, The technologies and circuit ImrplIostiorta of these
moades. One linear polarization is excited by the even or sumn two approechiis are discussed and related to the large scale
mods and the orthogonal linotir polarization is excited by the integration requirements of high socking density and low power
odd or difference mode By superposing the sum anid difference dissipation per gate. The concepts of dynamic and static logic
modes in the proper amplitude and phane, any arbitrary end the advantages of combining enhancement and depletion

poaiaincan be synthesized. A two-dimensional atrray devices In a circuit are Included. The design procedure Is described
conisting of eight waveguide linear arrya, ferrite phase shifters end circuit subsystems and the complete circuit are simulated
fornscanning in the piano normal to the linear arrays and a food on a computer to ensure proper operation. The mask circuit
network for power distribution arid pololittiatlort control woo layout 16 also simulated the check for correspondence with logic
constructed. Good radiation performance for various po.,etriation simulation. Author
was obtained. In the case of linear polarization. ilha croass
polarization component was down on the order of mrinus 25 db
and in the case of circular polarization,. the axial ratio was on
the order of I dlb. The polarization wss controlled with a phase N75-26050 Mullard. Ltd., Mitcham (England).
shifter Close In sidelbobe oif better than 20 db were obtained FILM HYBRID CIRCUITS FOR L8I
for all polarliaalions. Author Mervyn 0. Harwood In AGAFID Custom Design for LargeI, Scale Integration ILSII Apr. 1975 16 p refs (For availability

Thick and thin film hybrid technologies are discuased for
N74-31708 Ferrrmeldetechrrixches Zeittralarmt. Darmstvdt Moest use with large scale integrated devices. Materials used for the
Germany). p assiva portion of the circuit and their properties ore outlined,
STEPPED REFLECTOR ANTENNA WITH A SECTOR with particular attention to interaction with bonding Materials.
SHAPED MAIN BEAM Types of Integrated and attached components ars Included 11,..
H. Thielen In AGARD Antennas for Avionics Jun. 1974 resistors. cepsoitara, and semiconductors) mid materials and
15 p rofe (For availability sac N743`1667 21-09) techniques most suitabie for attaching comiponents to the filirn

The optimum pattern of an arrtenna of telecommunicvation circuit are Indicated. The effects of envirornmental treatnment and
or television broadcasting satellites consists In at sector shaped of various packaging methods ste considered, and damage
main beat" without any tide lobes. In this case the edge gaini prevention measures are established. Basic design guidelines are

i s 4.1 dlb higher than that of a conventional antenna. Theory given. Author
indicatvs that such a patuern is produuud by a circuiar apiziture
Illuminated by the oscillating function. Maszurumsrits wore mads N7-661ClsCIithr Egadwith at paraboloid refirector zirtuntin conitainirig a dilrectric tush INTERA01C alms 01AHCa, Witsir l~gAndORlNIP
In Its central zone. This dish offects a lohoua revurual of 180 deog TIONGAPISAD RTOK RE RA
between the uenfral itoneancd thu runrtninurg ring iriri of the Michael A. Northwoodl in AGARtO Custom Design for Large
fof a cor. te edge~ gain of this untennra Is 1 db itillier than that Scale integratilon iLSI) Apr. 1975 a p (For avaliability set
bote lad co yenialnteni. a An inurorrso of 1.4 dli outained by a N75-25047 16-33)

alsotrosibisIncuchiive he paseThe techniques availablii to produce final production err
reversal by an Arrangemenet of rnitallic stairs with u height of work from an engineering layout sketch are described Various .about one quarter wavuicrifih If air arrtonir with iwo or inurecoptradcpblofsntignthdegnndrduin
ring zones Is used. a further iriciiaso of1 tho dcr ýigic gi cmir be criue iscpbeo sisigi h einadpouto

obtaied Aulmr (f the large scale integration layout arc examined, with emphasis
obtaied Auiroran the use of interactiva graphics systems. The hardware

componentis and software facilities of the graphics systems are
described in detail Machines for transferring circuit layout from

N75-25047# Advisory Group for Aerospace Research ant a computer riato buss to final production artwork are exramined.
Development. Paris (France),. The merits and disadvantages of the. techniques of cutting, scribing,
CUSTOM DESIGN FOR LARGE SCALE INTEGRATION photoplotling. and pattern generation are weighed. Author

Apr. 197B 160 p rats Conf. huid at Paris 21.22 Api 1975.
at Lo~ndon 24.26 Apr. 1975. at Rome 28-29 Apr 11975
iAGARD-LS-75) Availl NTIS HC $57 N75-25052 Motorola, Inc., Phoenix. Arit Semiconductor

The techniqiues and methods of rdesigning custom circuits Products Div.
for large scale Integration arc outlined. Circuit design lectures QUALITY ASSURANCE ASPECTS OP CUSTOM L@1
are presented which cover metal oxide semiconductor, bipolar, J.. L. Flood In AGARD Cuatom Design for Large Scale Integration
and standard celi monolithic technology in addition to fun, hybrid (LSI) Apr. 1975 28 p refs (For availability see N75-25047

techniques for multi-chip rmodulcs. The preparation of master end33 eletrca bsin stnadzto er1utie
artwork by computer graphics and the establishment of sat isfactory The importance of standardizing the design, manufacturing.
titles, stee N75-25040 through N76-25053. sized to assure high quality and reliabiiity. The complexities of

qualty esuanceintrfaes ac aso iscusad Fo indvidalandfaturing ofd customlrgicale tw in tegatedacrcuiztisn aemphtine
N75-25040 Plessey Co. Ltd., Towcester lCrngland) and the neaed for lnsrector/'veridor/custorner interaction Is
HIGH PERFORMANCE BI1POLAR TECHNOLOGY FOR LOI suggested L.B.
P. C. Newman In AGARD Custom Design for Large Scale
Integration (LSI) Apr. 1975 22 p refs (Fur av~ailability see NMh.2505 Ratdio Corp of America, Camden. N.J.
N75-2b047 16-33) DEMiON AIJTOMATION TECHNIOUES FOR CUSTOM L6I

The Plessey bipolar process 3 arid the Fairchild isopianar ARRAYS
process are described In detail. Performance characteristics of Albert Feller In AGARD Custom Derign for Large Scnile
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Integration ML6l) Apr. 1978 15 p (For availability see N75,25047
16.331

,6,: (Contracts NAS12.2233; NASD.29072; DAAOO7-0176)
C5CL 09C:

The standard cell design automation technique is described
as an approach for generating random logic PMOS. CMOS or
CMOS/SOS custom large scale integration arrays with low initial
nonrecurring costs and quick turnaround lime or design cycle
The system is composed of predesigned circuit functions or calls
and computer programs capable of automatic placement and

] interconnection of the cells ik' accordance with sn input data
not list. The program generates a set of instructionrr to drive an
autonitic precision artwork generator. A series of support design
Automation and simulation programs are described, including
programs for verifynho correotness ut the logic on the arrais.
performing dc and dynamic analysis of MOS devices, and
generating teat sequences. Author
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34 FLUID M~ECHANICS AND HEAT TRANSFER

34 FLUID MECHANICS AND HEAT cascades. annular cascades, and compressors which provide the
TRAN FERexperimenital input essential to the development of calculation
IflM~~.r~nmethods The study produced a method for predicting the full

Irriludup boundaiy Iuyors, hydrodynramicsr. fluridics. nioras triin'sfer, three-dimensional boundary layer that develops through a single
and ablrationi cooingrr Foi tolatoir infrirniationi so als 02 blade row of a turbornachine A computer program for the

A.,r~viiuirr~ari 77 Tun n aty ~ u ~~ d~ ,~ ~estiniation of aninulus blockage is listed Ato

Plivnsrs~
N74-32215# Advisory Group for Aerospace Resiearch and
Development. Paris (France)

N74.19028# Advisorv Girrup for Aerospacei Research and RADIATION COOLING OF PROPULSIVE NOZZLES (LIE
Developorrrnt. Paris (Franc@) REFROIOIS$EMENT PAR RAYONNEMENT Off$ TUVEREB
AN INVESTIGATION OF OIF~FFFENT TECHNIQUES FOR PROPULBIVES)
UNSTEAVY PRSUE MEASUREMENTS IN COM- J. J. Bernard M~arie Univ.) and J1. Clenot (ONkLtA, Paris) May

*P1111168111.1 FLOW AND COMPARISON WITH LIFTING 1974 b I p refs In FRENCH
B URFACE THEO14Y IAGARD-AG.1 S41frl. AGARDograph. 184) Avail: NTIS
R. Destuynder (ONER.4) and H. Tildemen (NLR, Amsterdam. HC 55.75
Netherlands) ian 1974 15 p Presented at the 37th AGARD In the study of the revolution of propulsive nettles, calcuiations
Struct. and Met Panel Meeting, The Hague. 7-112 Oct. 1913 were made of hest conduction as a function of exchange britwoen
1AGARD*R*6171 Avail NTIS HC 1475 isothermal lies when any tine is parallel to the revolving surface

Wiiid ',unnel mesaurements of unsteady aerodynamic or slightly parallel to the inclined @ections of the plane. Numerical
pressures at high subsonic speeds wire conducted. The rerults results sar presented In the form pf universal functions of geometric

*obtained by two djifferenr procedures are presented. Flutter tost* parameters of the mederian. For the schenmatic configuration of
wers also conducted on the bamte mordsi as that used for the more usual nostle the direct values of transfer functions are
unsteady pressure mrissuremerrts Natural frequencies and given. Transl, by F.H.HW.
damping valu-is were determined at constant Mach number and

vrigte-stream dynamic pressure. Tables of data and graphs N7.19SS05# Advisory Group for Aerospace Research and
ar: included to compers thre results obtained by the two Development, Paris (Franca).
inethuds Author TECHNICAL EVALUATION REPORT ON FLUID DYNAMICS

PANEL SYMPOSIUM ON V/STOL AERODYNAMICS
B. M. Spee (Nell, Aerospace Lab.) Feb. 1975 13 p reft

N74-26822# Advisory Group for Aerospace Research and Sym~p. held at Delf", Netherlands. 24-26 Apr. 1974
Development. Paris (France). (AGARD-AR4SI) Avail: NTIS H-C 53.25
THEORYI OF FLOWS IN COMPREKSSIBLE MEDIA WITH Papers presented at the Fluid Dynamics Peanl Symposium
HEAT ADDiTION are reviewed along with the current situAtion In V/STa I
Juergenr Zierep lKsirlsruhe Univ I May 1974 68 po refls aerodynamics research. The following areas% ware discussed;

rlAGARDograph. 191 1 AGARD-AG-191) Avail: NTIS H-C 56.25 powered hlgh-lift systems; machanical high-l11ft systems and aet
A systamatic iiurvey is urndertakenof the theory of the effect lift. It Is concluded that them direct operating cost of V/STOL

of a given hesr addition on the flow of a compressible medium. must be decreased through optirrization uf aerodynamic
Hera steady flows. both ane-dimensional and multi -dimensional1. chaercteristlosi In order to compete with conventional aircraft.
linear and nonlinear, wre tesited. Consideration Is given to addition Author
of mass arnd momentum to a stroamliube as well as of energy.
internesting eq~uivalenrces arias here. The heat can be distributed 111176-30471# Advisory Group for Aerospace Research mind
conltinuously In the flow field or added at fronts. For practical Development. Paris (Francei.
eppliatsions, thc reduction of the drag of it body in flight by MODERN METHODS OF TESTING ROTATING COMPO.

host addition in the flow field is important. At extremely high NENTS OF TURSOMACHINES JINSTRUMENTATION)
velocities the problem arises of propulsion by external combustion M. Pianko. ad. IONE NA) Apr 1978 196 p refs
Here, the osiragy is to be transferred directly to the flowing IAGARD-AG.2.07: AGAR Dogroph-207) Avail: NTIS HC 17.00
mnedium,. at the high velocity. For the evaluation of such an Various tlow measuring techniques timed In turbomachinery
energy addition, reference Is made to the propulsive efficiency, and cascade wind tunnels are reviewed. Flow visualization, laser
ats wall as the lifh and drag oif the body Authoi nsrtmomelry, and pressure sensors are among the methods

discussed For individual titles, asee N75-30472 through N75.
*N74.28756# Advisory Group for Aerospace Research and 30475

Development. Paris IFranciil N75-30472 Von Karmein Inst. for Fluid Dynamics. Rhode-Saint.
NUMERICAL METHODS rORt PREDICTING SUBSONIC, Gns ~iim
TIRANSONIC AND SUPERSONIC FLOW Gnm Bllm
I Ui. Taylor (Aerospace Corp.. El Segundo. Calif.) and P. F. AERODYNAMIC MEASUREMENTS IN CASCADES

Ysgp, a Arm Ai Moilit Fle, nd Dvelp. ab, offstlM C Sievarding. H Stariren IOFVLR). H. J Lichtfuss. and P
Faield, Cali iArmy 1974 Mblty pes anr evlp.tMfft Schiminiing. /i AGARD Modern Methods of Testing Rotating
lAGARDograpti. 187. AiAFID-AG.11871 Avoil: NTIS HC S5.7 Coirrionenits of Turtornacirhins (Instrumentation) Apr 19175

Thne methods available for numerical computation of subsonic. 176rsIorailbitseN5-0 1234
transonric and supersonic flows sie discussed and comments are The usefulness of cascade flow mneasuremients used to acqurire
included ort the characteristics of the popular methods. Both detailed blade perfnrmance data is discussed. The design of a
inviscid and viscous computation methods are addressed. A cascade wind tunnel Is described. Factors coinsideored include:

.rIbrief account of the basic approaches for developing methods two dimensional and periodic flow, variations of inlet and outlet
irnitiates the discussion. Also included Is a genera) summary o! conditiotis, arid three dirmensional effects. Date reduction methods
the state of the art of computatiornel methods along with suggested are presented along witii factors which influence the choice of
approaches for solving problems in each area. The report isprpitepesr roe.JMS
concluded with iacornnrrtndations for future study and develop.
inent. Author N7B-30473 Ali- Force Aerin Propulsion Lab. Wright.-Patterson

AFB. Ohio
AERODYNAMIC MEASUREMENTS IN TURNOMACHINES

NV4.30827# Advisory Group for Aerospace Research and David W Fleager and Nroai J Seyb IRof!s-Royce. Ltd. Bristol.
Development. Pars% lFraiirell EngI I In AGARD Modern Methods of Testing Rotating

*ANNULUS WALL BOUNDARY LAYERS IN TUR.- Components of Turhomachines (Instrumentation) Apr 1975
*SOMAC~iINES 1) 79-2 rets (For availability asee N75-3047 1 21-34)

J H Horlock (Cambridge Uiiiv I arid H J Perkins IGE. Whotbions. The problems encounterid in designing instrumentation for
Engi I May 1974 09 p rfet component and engine rutomag are discussed Trade-offs must
iAGARD-AG 186. AGARDograph- 185) Avail NTIS HC $6.60 be made between probe strength, blockage, accuracy. cost, arnd

A study was conducted to determine the chatrateristics of installation problems. Many of the basic parameters often
annuiur. will tiounidary layers in turbomachines The subjects measured are sumnairised in tabular form listing typical methods

covered includer the ilolowiny I1l sinrpir two-dirnrensiorral boundary and citing references Conwentional techniques concerning pressure
rayer calculation methods lot analyzing flow characteristics, (2) (steady state and high responsel and gas temperature measure-
Inen rrature of caircarle secondary flows, arid (3) infornratron on ment are discussed in detail Methods to coiuile the use ofr176
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both steady state and high pressure transdlucers involve the flush 1176-311347 National Aeronautics and Spae Administration.
Pmounted diaphrem. resonant tube, rseonant damped and Ames Research Center. Moffett Field, Calif.

non-ieeonant tube methods Special considerations are required NUMERICAL TECI4NIOUES FOR THE SOLUTION OF THE
to measure the time weighted value of a high frequency presenrs COMPRESSIBLE NAVIIR.STGjKES ECUATIONS AND
signal. Far thermocouple design many factors including wire IMPLEMENTATION OF TURBULENCE MODELS
type, recovery, convection. conduction, radiation, chemical Boarret S. Baldwin, Robert W. MacCoriniok, and George S. Daiwert

* reactions, and time response are considered. Calibration techniques In AGARD Computational Methods for linviscid and Viscous
*are discussed for both preasure praobe and thermocouples. Typical Two.arid- Three. Dimensional Flow Fields Feb 1975 24 po rafs

probe designs with calibration date which wars provided by engine (For availability sea N75-3`1385 22-34)
manufacturers are compared Author The time-splittirig exphlct numerical method of MacCornisok

is applied to separated turbulent boundary layer flow problems
N75-30474 Otffice National d'~tudas at do Rlecherche& Modifications cl this basic method are developed to counter
Avrospatiales. Paris (iarnce) difficulties associated with complicated geometry and severe
OPTICAL MEASUREMENTS IN TURZOMIACHINERY numerical resolution requirements of turbulence model equations.
Jacques Paulort In AGARD Modern Methods of Testing Rotating The accuracy of solutions Is Investigated by Comparison With
Components of Turbomachines (irrstrumentation) Apr 1975 exact solutions for several slimple cases. Procedures are
p 123.139 alet iFor availability see N75-3047 1 21-34) clsivoloped for modifying the basic method to Improve the accuracy.

Flow visualization and optical measurement techniques used Numerical solutions of high. Roynolds-number separated flows over
to determine the structure ot the ftow arid measure local values an airfoil end shlock-saparstod flows over a flat plate are obtained.
of velocity. pressure, or temperature In turbonuachinery without A simple mixing length modal of turbulenice is usiad for the
inttoducing any material probe are reviewed Methods discussed tran~sonic flow past an airfoil. A nonorlhogonal mesh of arbitrary
include visualization by means of smoke filaments, hydraulic cumfiguratlon facilitates the description of the flow field, For the
models, shadow eAnd achloiarte tauhntctues. holography techniques, simpler geometry associated with the flat plate, a rectangular
laser anerrrometry. laser dual beam method, end Reman scattering. mesh Is used, and solutions ore obtained based on a two-equation
The optical measurement techniques allow, in the rotor as well rqlfferentlal model of turbulence. Author
as the stator. the dleterminiration of the mean and tirti-dependent
characteristicsi of the flow field without any disturbance J.M.S, N75-31388 Sandia Labs., Albuquerque, N.Mex.

N753045 Av~oryGrop or eropac Rseach ndCOMPUTATIONAL TECHNIQUES FOR BOUNDARY1111171113075 dvioryGrup or eropae Rseach ndLAYERIIS
*Development. Paris lFrance). F. G. Blottner In AGARD Computaitional Methods Ico lttvisaid

UNSTEADY FLOW MEASUREMENTS IN TUN, and Viscous Two-and. Throeo-CImonsional Flow Fields Feb. 1976
NOMACHINERY 51 p rofe Sponsored by EPIDA IFor availability asea N7B.3 1385
H. Wayar lund Ir Schodl hi its Modern Methods of Testing 22-34)
Rotatirng Components of TurbomachInes (Instrumnentation) Apr, The status of the mnumerical computation of boundary layers
1975 p 14 1.182 refs (For availability see N76-30471 21-34) Is given for two- and three-dimensional Flows The appropriate

aDethrigh ationdu ofsrong pessure oscillations of high frquency trrnsnformrations to apply to the governing: eludtioirsare considered,
adhg mlulswhich occur In the rurgion of turboiniarhine and the possible solution procedures Ira dismissed Emphasis Is
raomiscosierdIn tem fImmediate measuring of the onthe finite-difference procedures, which ore Illustrated for

behind the rotor exit plane, and deturmlrretl.oi of the average the Crsnk-Nicolson technique Is given. The changes which are
pressures resulting troni those ouciliatiirg pressures lire airiiluatluir needed to this approach when the flow Is turbulent, Are presented.
of the muodern high response pressure transdincers and of new The flnrill*-differentce procedures utilized for unsteaody flows are
techrniques. which enable the measurement of wall dufined average givern. Solution techniques for three -dimensionalI flows are
values of the oscillating pressures in turbomoohines aer described described end the features which aer different from two-
along with a method for instantaneous flow angle mostiureniant dimensional flows are emphassiled. Author
In centrifugal compressors Empliesis Is placed orr the development
of a laser dual beam technique for flow velocity rrresurLirent N7i15 Unoni UnvSiesl utofCmue
in turbomachines Author Sciences.

DIFFERENCE APPROXIMATIONS FOR TIME DEPENDENT
N75.31385#~ Advisory Group for Aerospace Roesaicli aind PROBLEMS
Development. Paris lFrencel Hvins-Otto kraiso In AGARD Computational Methods for Iriviscid
COMPUTATIONAL METHODS FOR INVISCID AND and Viscous Two. and. Three- Dimensional Flow Fields Feb 1975
Viscous TWO.AND-THRIE-DIMENSIONAL FLOW 33 p vefa (For availability sure N75.31385 22-34)
F IEILDS The Cauchy problem fur partiat differential equations Is
Feb 1 975~ 200 p refs considered Examples anid notations are given which liiclude
IAGAIID-LS-73) Avail NTIS HC $1.00 Initial value problems. weve sQuotloný. heel equations, and

Davrrlomn~i~rns In the nrumericaul approach ot fluid flow linearized shailow watar equations. Other topics discussed
ptoblernr are piresented. Pasrticutar empirsui ix piaced on urirurerical include. difference approximation for the Cauchy proiblem, initial
techniques for the o.ltition of the coirpriresibie Navier-Stokes tioundary value problems for hyperbolic partiala differential
equations and the o-Ppiernenlation of turbulence modeluu, thre equations, the energy meothod, and the Laplaice transform.
iconmpuitational techniques for bouriderV layers, tryporbolic partial JM S
uifte9runirtal equations, numerical stability of finite difference
rniethrudg, numerical solutions of the Navlor-Stokes equations forNB-lo RednUi. rgerd. DpofMtralc
contrvaubefud, n iieeemns o nivda ils STABILITY AND ACCURACY OF NUMERICAL APPROXIMA
N75-31386 through N75-31302. TION8 TO TIME DEPENDENT PLOWS

K. W. Morton In AGARD Computational Methods for InviscidN75-31386 Technischo liuchechole. Aachen (West Germany). and Viscous Two, and-Three. Dimensional Flow Fields Feb. 1975
bAerodynamieches Inst. 12 p rafs (For availability see N75-31365 22-34)

FLOW ANALYSIS THROUGH NUMERICAL. TECHNIQUES The basic Lax-Richilmyor theory of the staliility and corivaig-
Egorn Krause /in AGARD Computational Methods for Invisicid once of tineer difference schemes is considered. Some of the
and Viscous Two-and-Ttrree-Dimensional IPlow Fields Feb. 1975 noeJradn eurmnsmti rcia li o
11 p refs (For availability sme NIO-31385 22-34) calculations, Including tile control of nonlinear instabilities,

Flow analysis by using num-erical techniques is demonsitrateid, isptoaddseso.r icse ln itrtemdl
Results obtained frain integrations of the governing equations ing ot conservat ion properties and the Implementation of boundary
are compared with experimental data. The following problems conditions. The use of the modified equation approach is studiedare discussed. the invisclo, flow about A sphere at supersonic as an alternative to the Lax-Richtniyer theory. Art error annalyasi
Mach-numbers calculated with Flusanov's algorithm; in- for finite element methods Is given showing the high accuracy
compiressible and compressible laminar turbulent boundary layers that may sometimes be schtieved w0~ the corvect Ivaetment of
on infinite swept wings, calculated with second- and fourth-order nniertrs woaccuracy for three different scaler closure assumptions: andnolertrm.utr
hypersonic laminair and turbulent slut Injection of frozen flow
(He and H12) and flow in approxuimated chemical equilibrium i1-12. N75-31391 Paris Univ. iFranue).
Finally applivations of finite-difference solutions are toi be discussed NUMERICAL SOLUTION OF THE NAVIER-6TOKES EQUA-
tor ftully viscous flows in biofluidmechonical puoblems Author TIONS FOR COMPRESSIBLE FLUIDS
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Roger Psyres and Henri VlvIand (ONERA) In AGARO Computa- flow, and static. pressure distribution on the exterior surface ofI
tional Methods for Inviscid and Viscous Twor-and.Three Dimon- the nozzle. Trartal. by E.MW.
signet Flow Fields Fob. 1975 14 p refs (For availability so@
N711-311385 22-341 N74-1S3Sg Rolls-Royce. Ltd., Bristol (England).[Numerical methods for the solution of the Novier-Stoitss DESCRIPTION OF TESTS CARRIED OUT AT ROLLS1 ROYCEequations for compressible fluids are discussed. A short review 01970) LTD BRISTOL ENGINE DIVISION
of the Navier-Stokes equations and of their qualitative mathemeti- L. AH Iarper In AGARD Improved Nozzle Tosting Tech. In '
cal properties, and a discussion at their interest In aerodynamics Transonic Flow Oct. 1975 22 po refs lFot- availability aeeprobtemeo are presented. The following aspects of numerical N76- 163157 07.34)
method* are considered: limitation of the domain of calculation Trenzl fetoymdl oetse nteR~sfoc

end~~~~~~~~~~~~~ budrcodtnso teOurbodry vaiu 197 11) Ltd tianfloilic wind tunnel ait Bristol using a model support
epproaches in finite difference methods and properties of some sting which provided means for boundary layer thicknees variation

representative schemes; treatment of the boundary condition at by blowing The tests covered the Mach number range 0.75 to
a solid wail; treatment of shock waves and general considerations 0.gr1 and nozzle pressure ratio. were in the range 11,7 to 4.7;1,
on accuracy and computation times. Author The model surface static presawe distributions were measpured

and integrated to obtain pressure drag coefficients. Measuremenift
N7S.31302 Laboretaire d'Informatique pour It Mecanilque at are oelo presented of model internal pressuree, bounedary levepr J
loo Sciences de l'ingenleur. Paris (Francs). profiles and tunnel wall Stotie pressure distributions, Author
APPLICATIONS OF FINITE ELEMENT METHODS IN FLUID
DYNAMICS 1476-14360 Deutsche Forsohunge- urid Versuchsanstait fuer
C. Sellevaux end M. Maillie (Pierre at Marie Curie Univ.) In Luft- und ftaumfshri. Brunswick (West Germany).
AGARD Computational Methods for Inviscid and Viscouc AN EXPERIMENTAL STUDY OF THE INFLUENCE OF THEITwo-and.Three.ODimensional Flow Fields Feb. 1975 25 p rets JET PARAMETERS ON THE AFTERUODY DRAG OF A JET
(For availability see N75-3 1316 22-34) ENGINE NACELLE SCALE MODEL

An exemple of the finite element method IS considered which Hi. Olsten and A. Zacharias In AGARO Improved Nozzle Testing
demonstrates the problems of functional Analysis end the Tech. In Transonic Flow Oct. 1975 14 p ref (For availability,
numerical techniques used. Elements of functional analysis see, N76-16357 07-34)I..necessary for a rigorous formulation are used to generalize the Numterous experimental tests with anl engine nacelle scels
example. Other topics discussed Include: the method of singulari. model were made to investigate the influence ot engine let
ties and the linear arnd nonlinear case of Naviear-Stokee equations parameters oil the pressure distribution of the engine nacellefor viscous flows, Author and therefore on the bostlall pressure drag. Retgardirtg the planned

N76-11360# Advisory Group for Aerosptace Rtesearcht an flight teats oit the HFB 320 Honsa Jet at the end of 1975, the
Developmenet. Paris (France), experimental work was done with a model of the GE CJ 010

COPUATONOFVICOSCOMP11ESEISLE11.1 FLOW@ angina nozzle. Including Its naelsle. The Influence of let pressure
COMP TATON OE IN VIS C11-1OUS14 NQ A I N ratio and jet temperafture on the boattail pressure distribution at

Roger Pey"e Henri Viviland, and J. J. Smolderen, ed. Sep. different flight Mach riumbers aer shown. The affect of boundiary
127550 Pratelayer control and the Influence of changing the Internet nozzle

tAGARD-AO-2 12: AGARoograph-2121 Avail: NTIS HC $4,00 Woornetry on the pressure drag Is aleo Investigated. Author
Problems relating to the computation of viscous compressible

fows based on numerical solutions of the Novier-Stokes eqluatlins N76-1163111 Deutsiche Forschunge- und Versuchsanstalt fuer
equations and a discussion of their Interast In aerodynamic CONTRIBUTION Or THE INSTITUT PURR ANGEWANOTI

problems are presented, The following aspects of numerical GASOYNAMIK Of THE DFVLK, POIIZ.WAHN
nmethode ere considevred; limitation of the computational domain H. Emunds and H. Riedel In1 AGARD Improved Nozzls Testing

* I - and boundary conditions on the outer boundary: various Tech. In Transronic Flow Oct. 11175 42 p (For availability ea 4
approaches In finite difference methods and doiscription of some N76-16357 07-34)
representative schemes; treatment of boundlary, conditions at a The results presented relate to the AGARD models with
Solid wall; treatment of shock waves; and general considers- tO dog and 15 deg boarttei chord angte. They cover the static
tioris on accuracy end computing times, Reported computations pressure distributiorts onl the efterbody and wall of the propulsive
of two-dimensional or tltrop-dimensional flows are presented In nozarle as well as the total pressure distributions In the nozzle
tabia formi with summary indications an the problems treated flow arnd In ilte external flow field. The letter wais only Investigated

and he ethds sod Auhorfor lii. model with 110 dog boattmil. From the surface statlI,and he mthod use. Auhorpressure distributions an the afterbodV of the models the boattall
prossurer drag coefficient was daduced. A cold propulsive let of

N76-16357# Advisory Group for Aerospace Research arnd s~i was used, the nozzle total pressure ratio ranging from 1.0 to
Development. Paris Ifranuel. 6 83. The free stream Mach numbera uovered the regime 0 5
IMPROVED NOZZLE TESTING TECHNIQUE8 IN THAN- free stream Mach numbei r 0.95. Author
AONI FLr a.OWt 19715 384 po rills In ENGLISH and FRENCH R75-10362 Nationtai Aerospace Lab,, Anisterdam iNetherlonds).
Cant, held at Rome. 4-10 Sep. 1974 RESULTS OF NLR CONTRIBUTION TO AGARD AD HOC
IAGAIIDALI-208; AGAlf~ogiaph-2061 Avail, N1I8 STUDY
HC $10.75 D. Rotendal. C. C. Oroothoff, and W. B. 0. Derltien In AGARO

Conference Papers oll international testing of noztzle designs Imrprovedi Nozzle Testing Tech, In Transonic Flow Oct. 11975
and psrfofmance at transonic flow bre summasrized. Dais cover 41 p refs IF or availability see N18- 18357 07-34)
the effects of experimrerntal techniqtues used, Influence of venlous A description Is given of a series of experiments In order to
let paremotcrs-btstic pressure distribution, temperature, pressure assesse the influence of lot exhaust parameters - total pressure
drag, hoettail drag. and let exhaustion nozzle performance. For distortion, nouls Pressure ratio, let temperature (ratio of specific
Individual titles, see N76-116358 through N76-1637 1. heats) - at transonic Mach numbers In this range of .8 to.90 ott

the nozzle thrust and discharge coefficients, on aftartiody pressure
N76-16356 Office National d'Eludes at tie Recherches distributioit. arid an the afterbody, presaure drag. A model of
Aerospatilale. Pairis (ierncel. .08 in diameter was tested in the .27 x .27 sq mi transonic

ONERAi EXPERIMENTAL STUDY OF 15 DIG. STANDARD test Section of a continuous blow-dawn wind tunnal. The 15 day
AGARD NOZZLE IN SUE80NIC AND TRANSONIC FLOW boattailed Afterbodyv configuration as proposed by AGAIIO was
15 DEG, EN ECOULEMINTB ISUBSONIQUE ETTRANSSONI- The fusel age boundary layer thickness wes varied by increasing
cDUE)tefoeb egh.Amto was dvlpdto dfn ai
B MahnI GR mrvdNzl etn eh nTasncttlpesrbte nams lwaveraging procedure, for a

* A test ferillitv designed to study the performance of a standard NPRsa therei Is only a small effsect due to the let pipe toita
15 dog AGARD nozzle at subsonic and transotnic flow is described. priussure distortion, while for the larger nozzle with a contrc -
Data studied include the effects of sound, pressure, anti tion ratio of 1.62 the hollow velocity profits, compared to a flot
temrpereture on Internal flow, nature of the boundary layer. profile. aigniflcantiv lowered the nozzle discharge coefficient 113.2%).
performance oh the nozzle at a fixed point end with external raised the specific thrust 12.1%1 and changed the afterbody,
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J1
Pressure distribution at free stream Mach number . .8. Effecto Langley I8.i-oot transonic wind itunnol at Ilha National Aeronautics '
On aftertiody pressure distribution and pressure drag due to and Spac~e Adrnmisrt ration's Langley Flesearvin Center. Langley

an Influence duo to fuselage boundary layer thickness Is lot plume boundary and afotebodyV pressures. The calculations
Indicated. Author warn obtained using an iterative soiution which combined tie@

"inviboid DulsNeumann method for the external flow with
N76-16383 Air Force Flight Dynamics Lab.. Wright.-Patterson the method of characterIstitos for the flow in the lot plume. For
AFB. Ohio. rthe investigation, the nozztes were mounted on a single nacelle,
EFFECTS OF VARYING REYNOLDS NUMBER AND BOUND. mrodel 15.24 cenltimeters in diameter andI 162.58 ceirtimatars
ARY LAYER DIGPLACEMFINT THICKNESS ON THE long. Teste ware nade at free streuam Maah numrber froin 0.4 to
EXTERNAL PLOW OVER NOZZLE SOATTAILS 1.2. and at Reynolds numbers per moter flrint 7 38 million to
D Zonmia. James A. Lauglurey, and Douglas L. Rtowers In AGARD 13.78 million depending on the Mach number. Four types of
Imliroved Nozzle Testing Techi. in Transonic Flow Oct 1975 data were recorded- aflurbody prolesure data, afterbody force
20 po raft (For availability see N70-16357 0734)1 , data, modal boundary layer date. and tunnel wait pressure data.

Data for the t0 dog. Ili dog, and 25 dog ADARD nozzle The rtiol of jot totla pressure to free stream atatic prebsuret
bostiis presented are from those telt fecilities In which the ranged up to 61.85. A description of the wind tunnel, model, and
Rerynolds number was varied at cornstant Mach number ti where test procedure Is Included. Author
the boundary layer was varied by blowing or changing the length
of the model. Fveluation and discussion of the data concenrtratesN7-36 RolRycLdBitl(nad)
on the trends in pleasure drag and static preasaure distributions THN76INFIW G ROll MOyceLt, EXIreo l (En 10Mndi V

whnthe external flow conditions (specifically Reynolds number L. A. Hlarper and W. J. Lowis In AGARO Improved Nasals
end/or boundary layer displacemenit thickness) are altered overTetnTchInrasicFo Ot,17 I orte(rthe* Mach number range of 0.8 through 0.96. In genorel when Tvatil acilt. Ine rN78-1n3o Flw7 c. 9734) rf o

the eynlds umbr Ws inreaed o Ila bunday IjorThe results of model feels of three atieymnrrimtric efterbodiem
displacement thicknees was docretied, tilea static pressures In al number of different wind tunnsls were examined In terms
decreased at the beginning of tlie boattall If low expansion region) of the Influence of model external geometry, The variation of
and Increased near the nozzle exit (flow recompressionrtorgion), drag with afterbody geometry was shown to be In accord with
The pressure drags essoclated with these changes in the pressure the trend for dreg to Increase and dreg rise Mach number to

- I distributions varied only sligfttlya 0t.S Mach nrirrber. ttut Inicreasedi decrease as the body Is made less slender. It Is found that dreg
measurably at 0.9 Mach number. Increasing the Reynolds number and dreg rise Mach number can be correlated quite well with
or deacressIng the displacement thickness at a Mach numrber of boatteil chord angle for a wide range of &fterbody geometries
0.95 changed the flow auci that the expansion was greater in addition to those tested In this evercise. linciesse of boundary
snd the rectompreesion was less resulting it t asignificant Increase layer thickness wee shown to decrease the effective curvature
In pressure dreg. The flow separated just rlownrstramn of the of the afterbodyi. At speeds bolow the dragil rice Mach number
shoulder on the 25 dog boettail for all Mach nuinbers Investigated for any particular geometry this mordifiee tlie afterbody pressureI
and a change In Reynolds number or displacement thickness distribution but has little effect on the pressure dreg. Above thedid not noticeablyc Influence the point at which the flow separated drag rise Mach nurnbordreg coefficients measured with a boundary
although there was some variation on the level of pressure In layer thickness typical of model test conditione worst about
thp &oeprated roite. Author 0.011 lower than when the boundary loaye thickness was reduced

to a value typicel of flight condition~s. Comparison of results '
N7S-153S4 Arnold Englineering Developirent Cenrter. Arnold obtained In various wind tunnels covering blockage ratio$ from
Air Fea tto.Tn.0.2% to 7% failed to show any discernable effect of tunnel
DFICRIPTION OF THE AGARD NOZZLE APTERNIODY interference at least for Mach numbers up to about 0.9 to 0.35.
EXPERIMENTS CONDUCTED BY THE ARNOLD ENGINEER- At high blockages static pressure varies ccnsiderably along the
ING DEVELOPMENT CENTER tunnel well and it bedcomes crucial to selet a reference static
L. L. Gruligher, F. M, Jackson, and C. E. Robinson Ir AGAIID pressure which is substarntially free from thu Influence of the
Irrproved Nozzale Testing Techr. in Transonic Flow Oct. 1978 afterbody pressure field. The overall conclusion is that results
6 p3 roef (For avarlihitity see N76- 15357 07-34) obtaineid in the various facilities are In good agreentent and the

A comprehernsive teast program, directed toward evalatinton techniques of aftearbodyi drag measurement in current use are
of Reynrolds number arnd exhfaust plume temperature effecits nrn generally satisfactory although correct simulation of boundary
nozzie alterbody pressure drag. was conducted. Reynolds number layer thicknesso Is sometimes necessary,.uto
effect% were obtained by varying both rnrocll scale and wind
tunna rriernsure levci. At AEDC, EthylonuiRi/air contbuator, N7S-1S367 Office National d'Etudes at do Recherchee
installed lit tire nrozzie flow rube, was used to pirovide trot exhaust Aetrosptlals Paris (France).
products which very closely duplicate rthe exhaust products of INFLUENCE OP THE JET PRES$SURE RATIO ON THIN
JP.4 burried lit air. Ignitionr was accomnplished by Injecting a PERFORMANCE OF AN AGARD SINGLE FLOW AFTER-
small quantity of tni-ethyl borana Is pyrophoric fuul) into the BODY IN THEI 0.60-0.96 MACH RANGE j-
combustor flarnshiolder. Nozzle afterbody pressure dreg, deter- Barnard Mechin and Jean-Marle Hardy Int AGARD Improved
rrintr'd front pressure integration., wast obtained at freextreem Mach Nozzle Testing Tech. In Transonic Fiow Oct. 1976 8 p raef
numbers of 016. 0.8, 0.9. 0.95. 11.1. ond 1.5. Reoynolds number In FRENCH; ENGLISH summary (For availability see NIS.18367
(based on model length) and noczle total pressure-to-trse-atrasm 07-34)
stetic pressure ratio was varied fromi 2 millionr to 82 million The syntliesim of experimental data concerning the effeat ofA
errd from let-off to a meximumr of 22, respectively, depending let stagnation conditions on the dreg of various afteirbodies is
upont tilia free-etroorn Macit number. Fuel/oir ratio was varied presented. Jot pressure ratio effect on boaltail pressure and ontrom 0 to 0.06, which correspornds to an exhauist plume total boundary iayer separation Is analyzed. This study Is made for
temperature range from 306 K to approximately 1899 K. Model several values of the boundary layer thickness, taking Into account
angle of attack wax zero degrees at all test concditions. To evaluate the fact that some test rigs make Ito control possible by insane
lIret effect of test section wall porosity on ilire performanace of of tangential blowing. Author
transormic wind tuntnels the walls were modified for wail porosities1~ of 2 and 4 percent In addiltion to the normal 8 percenrt, throught N7111.1111368 National Aerospace Lab.. Amsterdam iNorherlsndsi.
tirea Macfr number range from 0.8 to 0.95. Autliot INFLUENCE OP JET PARAMETERS111i NOZZLE THRUST AND

N75.1661 NaionalAeroranitis andSpaceAdnitnistrtion.C. AIIII C.r otho ff InGAOimpoedNeeTstn eci
LNgley366 Nateic nal CAn tnteraic~sy tatrndpc VA.~ rliara .C T ranonic Flo Int A975 22mproefd (Forzl T lestingt seehI
LOnTlyRIUTION OFner T angey NA TIONAL Va AERONAUTIC ANDw Oct,635 03 1 752 tosWrailbiyse
SPCENTADMUIONIOFTRATINLATINGLAEYRESEARTCH CENTE INternal5 flwa07 o chrceisisweea4y1d l
WillAm .CE mtn i ADIITArIdN JeLAG FR RicESEtAARCHimproTed availabl ldatawwere usedzie ahcrrctperistncofwheenozzleydescharg
Wolliam TasomtingTc, I nd Jrranck Flo Ouct.l 195 9 Iproefd avndbl thrust woeffret uend e ipe wal co tatiso resue of th ozedsimiarg
Norzl Tvaiabiity sTech InTasnclw Ot.155 19-5 mo af idelhus coeffiguaionts. inlt was e found ncssarytc pleakues inof siiacrun
CSC valablt 7-55 20-4 thdel donistoration s ofth toal prosurdecpoiessr in thke Ieto ppe.nth

AsC pert thf adpcainentcrrleftt heenxi wr astflowoaveraged total pressure wasfused In the clcultpions.Th
As a rgne f an tstedconlsingienatonel efot m hrdel inwindtunes Thee distortion oeffrang CMpoed tota bessr aa usefu toI n theaultos

ofseverald ateosted beongsingl tocethe Norths Atlntwicd trnels- compastrtison oeffihenmas flow arveaed totbeal pressure wthoI the
Or~anizat ion. All three 04 thesa nozzles ware investignutur In the 1-1) isentropical total pressure, derived fronm mass flaw,
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tempierature and static pressure. The discharge co3efticlents that on the forebody; the buoyancy corrections due to pressure
were found in the range of nozle. pressure ratios of about 1 3 to gradients. however, have to be considered In addition. In the
112 were In goad agreement. For the specified noiate A the present meaasurements the changes of the mean wail pressures
discharge coefficient Cd -986 For thitl nozzle oonfiguratioti 6asmod to correlate with the corresponding changes on the model
with a contraction ratio of 3.24 thardly any Influence on Cd of and were useed as a correction term. Finally It is pointed out
let nediurri or distortion wa* found. Extertiol air flow did Influence that modifications in aftbody geometry affect forehody drag
Cd. innoly through the boattail overprarhjir riear the nozzle lip. Results front the commonly used aftbody test rige wit~t. foraboiias
The thrust coefficients were foundi to bo difficult to comrpere. fixed to the glourid therefore need aptopicpiale corrections.
onre set ot data however sthaws an iiirrpleinsd higher level labour Author
1 - 2%). Nontls Il (ronrtraction ratio 1 02) showed more Influence N76u-21430# Advisory GIroup for Aerospace Research and
of distortion In the let flow. The values for the choked] nazaie Development, Paris i11ranami.
discharge coefficients were Cd - 978 (iri diet.) and Cd FLUIDICS TECHNOLOGY
946 Idisti). Distortion wss also found to influence the wail static J. M Kirshner, ad (Htarr Diamond Labs.. Adeiphi. Md I Jan.

pressures in the lot pipe. Author 1376 992 P sf5o
IAGARD-AG-216; AGARDograph-216) Avail: NTIS

N471-16369 Deutsche Forechungs- und Versucheenstalt fuer HC$37
Luft- und Raumfmhrt, Brunswick (West Gerrmany). This AGAflDograph Is based on materiel presented at a
INFLUENCE OF JET PARAMETERS: BOATTAIL PRESSURE symposium on fluidics held by the H-arry Diamond Laboratories
DISTRIBUTION AND PRESSURE DRAG of the United States Army. It largely represents a selection of
H. Diseen, H. Ernunds, H. Pliedel, and A. Zacharias /it AGARtO material from the proceedings of this symposium, edited In the
Improved Nozasl Testing Tech, In Transonic Flow Oct. 1975 interests of a wider audience. The compilation In an owerview In
17 p refs (For availability see N76,16357 07-34) concise form of the present elate of reseerdit, technology anti

Preliminary results ore presented of the Influence of the jet animlcations of fluidics. An opening stotion on sensors Is followed
parameters on the boattail pressure dlisribution and on the boattai by sections on circuit components, systems and signal aspects,
pressure drag with reference to the AGARD models and a modal anid design and application. A final section lis concerned with
of the HFB 320 engine nacills. The lot paranteters Investigated research and fabrication needse In the future, The table of contents
were the let temperature, the wake and jet mnixing, the Internal of the originel HDIL Symposium It appended, For Individual titles,
nosrie configuration, and the jet distortion. Concerning the see NIG-2 1431 through N76,21448,
influence of jet temperature two contrasting effects were observed.
Those differences 'nay be disC to different surface temperatures N76-211431 Picatinny Arsenal, Dover, N.J.
and base areas of the models tested. Further investigations as FLUIDI C SE11flnifigi A BURVEY
regards thene temperature affects seem to be necessary. Very Albaflus E. Sul, .iidfin and Joseph M. Kirshner MHarry Diamond
little Information has become eivaifeble on wake and jet mixing, Labs.) In AGAIU) Fluidics Technol. Jan, 1376 p 3.82 roef
so that In this ares further research Is also needed No effect (For availability see N76-211430 12-341
was observed for changes of the Internal nogise geometry ond Types of fluidic sensors and the phenomena that make them

sensors, Velocity sensors, position sensors, angular rate sensors,
of te jt ditorion.Autor pssilearneedsrislylsens tous. tempratreso rmt sensors , n fononrae111761.16370 Air Force Flight Dynamics Lab., Wright -Pa ttersonacelretsevlenotmpatesnosndccnr-

AFB, Ohio. tion sensors are Included, Author

DATA VARIANCE DUN T) DIFFERENT TESTING TECH-
NIdUES N476.211432 Massachusistts Inst. of Tech., Cambrildge
J. A. Loughrey, G. K. Itichey. arid Antonio Fern, IN Yr Univ., N. A REVIEW OF VORTEX DIODE AND TRIODE STATIC AND
Y.i In AGARD Improved Nozzle Testing Tech. iti Transonic DYNAMIC DESIGN TECHNIQUE$
Flow Oct. 1976 21 p reta (For availability asee N70-16357 0. N. Wurmlsy /sr AGARD Fluidics Teuhnol. Jan. 1976 p 83-112.
07-34) rats (For availability see N70-2 1430 12-34)

A uomparisuri of tha boatlail pressure distributions from data Vortex diode and triod* amplifiers end their operating
presented earlier shows that there Is a significant variance iii characteristics are described, Experimental and analytical studies
tfre data obtained In the various faciiities, particularly at 0.9 anrd of thre essential cheranteristics of vortex chamber flow fields are
0.95 Mach numbers. The analysis is concentrated ron the 118 day briefly reviewed. Data and design techniques developed for the
AGARD hoattail tested In the 0.9 to 0.95 Mach number range sartic design of diodes and triodes ere summarized, and methods
Differences In model support, model scale, tunnel blockisge, tunnel tu estimate the small signal end global dynamic response of
buoyancy, wail type and pornsity, and determination of tunnel diodes and triodes are reviewed. Studies describing the application
reference fiow conditions are examined in an attempt to of vortex diodes snd triod* amplifiers in engineering systems
understand the dlisagieement inn the data. Model arid wail static are cited. Author
pressure distributions front various facilitius are arnalyzed to try
to isolate the rijanrons for these differences arid to determine it N476-21433 State Univ. of Now York, Buffalo. Dept. of
there Is a significant effect err the flow over the nozzle boattali. Mechanical Engineering.
An indicatiort of possible wail interference lit obtained by comparing THE TURBULENCE AMPLIFIER:% STATIC AND DYNAMIC
the measured wali static pressure dibtributionis to those determined CHARACTERISTICS
analytically witth a len field boundary condition corresponding to Adam C. Bell In AGARD Fluidics Technol. Jan. 1976 p 11.3- 1 56
froa flight nonditions. Author raft iFor availability &see N70-2`1430 12-34)

The transition from laminar to turbulent flow in iets is
N7111-163711 Messerschmitt-Boelkow-Blohm G.m.b.H.. Munich discussed along with the advantages and disadvantages of the
iWest Gerrmany). turbulence amplifiers (TA). The static performance. design
FORE. AND APTBODY FLOW FIELD INTERACTION WITH parameters, analysis for jet and tube flow aie also discussed for
CONSIDERATION OF RE111YNOLD NUMBER EFFECTS TA. F 0.6.
Felix Auietrla and Geert Besrgk Ir AGAr4D Improved Nozzie
Testing Techr. in Transonic Flow Oct 1975 22 p relit (For N476-21424 Harry Diamond Labs., Adeiphi, Md.
availability see N76-16357 07-34) ANALYTIC DESIGN OF LAMINAR PROPORTIONAL

Recent aftbody d-ag results obtained fromn different transonic AMPLIFIERS
wind tunnel nicasurenrents showed such large increases In afthody, Francis M. Manion and Toanfusit M. Driewviecki /a AGARD Fluidics
pressure drag with increasing Reynolds number that extrapolation Technoal Jan. 1976 p 157-207 rale lFor availability see
to frull scale became questionable. Attempts made to clarify this N76-21430 12-34)
unexipected Reynolds numbear effect with tiria aim ofi contributing The analytic design of laminar proportional amplifiers is
to improved tasting techniques are Ouitlined An analysis of a discussed. After a tristorital review of analog fluidic devices, the
wind tunnel Investigation at Mach number C.8 on a series of advantages of end rationale for using laminar devices rer shown.
axisyrimmtric bodies showed as main result that varying Reynolds Among some of the more desirable features of lamlinro devices
number produced In the wind tunnel opposite changes In pressure are the Improvements obtained In gain, dynamic range and

Iidrag on fore- and aftbody. respacrivnity. It Is explairned that this signal-to-noise ratio, not to mention the ease of scaiing. Agronsral
result probably was caused by %mail deviations In free stream geometric configuration for laminar proportional loanlogf amplifiers
static pressure to which part-tncrdels are by an order of rmangnitude is presenrted that considers control and output-port width.

*more sensitive than complete nmodels. Threrefore, unless a wind splitter-to. nozzle distance, spilitter thickntess, aspect ratio, and
tunnel is calibrated to considerably better standards thin uusul spacing between downstream edges of the control portis
It Is recommended to take into account the compensating effenirs normalized to the supply nozzle width as the parameters of
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concern In design. The approach geometry, such as the supply. the forward loop upstreamn of thre gain block. has a greatly extended
control, output and veint lines. if treated In termis of known bandwidth at a cost of Increased sensitivity to load changes at
viscous Impedance variables. Staging techniqtiss aea presented high frequencies. Author

also.~iT Auhr 7-14411 Harry Diamond Labs.. Adelpiji, Md,
N76-214350 National Aeronautics and Spae Administration. FLUIDIC NOTCH FILTERS
Langley Research Centor. Langley Station, Va. Glary L. Roffman in AGARD Fluid Technol. Jan. 1976
1EXPERIMENTAL DESIGN OiF LAMINAR PROPORTIONAL p 409.443 tole (For availability sea N7fl.21430 12-34)
AMPLIFIERS Teti notch-filter circuits with biquadratic transfer functionsIt. F. Nallbaum lit AGARD Fluidics Technol. Jan. 1976 are described. Notch filtars an, used In control systems to prevent
p 209-227 rets (For availability see N76-2`1430 12-34) instabilities due to mechanical resonances. The sleattrinic circuit

An experimental program was Initiated an Langtey Rlesearch literature was searched to find circuits with bhiuadratic transftei
Center to study the effects of various parameters on the design functions that could be Implemented with fliudic amplifiers. The
of lamInar proportional beam deflection amplifiers. Matching and amnplifiers are assumed to have equal Input and output Impedances,
sallging of ampilifirs to obtain high-pressure gain was alao studied. and all high-gain amplifiers used era assumed to have a pressure
Variable paramerters were aspect ratio, setback, control length, gain of 2,000. Using these characteristics, the frequency response
receiver distance, receiver width, width of center vent, and bias of the circuits lis calculated using a digital. circuit-analysial program.
pressure levels. Useble preasure gains Norm 4 to 19 per stage The best circuit, baud on accuracy lit producing a required transfer
can now be achieved, and five amplifiers were staged together function for the MSOAI tank control system, gain tinsensitivit.
to yield pressure gains up to 2.000.000. Author and least number of compliance, ibeollowsf requires three high-gain

amplifiers. Advantages anid disadvantaged of all the circuits are
N18-1111436 Virginia Polytechnic Inst. and State Univ., Blacksburg. discussed. Author
Dept. of Mechanical Engineering,
THE EFFECT OF GEOMETRIC AND FLUID PARAMETERS
ON STATIC PERFORMANCE OF WALL.ATTACMMENT.TYPE11 NVB 41442 Harry Diarnond Labs.. Adeiphi, Md.
FLUID AMPUFIERS11 CIRCUIT MODELS OF PASSIVE PNEUMATIC FLUIDIC
H. L Mosees and Rt. A. Comparin lNewark Coil,. of Erig. In COMPENSATION NETWORKS
AGARD Fluidics Technol. Jan. 1976 p 229.248 ratsl (for Joseph M, Isemen In AGARD Fluidic Technol. Jan. 11976
avaitablilty set 11178-211430 12.341 p 446.484 rtofs (For availability seve N76-2 1430 12-34)

The current satte-of-the-art in relating the geometry and Circuit models of passive pneumatic fluidic components orf
fluid pearameters to the static performance characteristics of sumrmarised, aind the feasibility of a circuit approach for designing
w al-i-et ahment -type fluid amplifiers ii reviewed. The basic passive fluidic corrtruiol system circuits Is described. Starting with
concepts Involved In available analyltical approaches are outlined a soct of fluidic components: capillarlas, enclosed volumes, bellowsi

withacm exerientl reult, Te efec of hes paameersmodules, and diaphragm modules, Circuit models ware synthesizsen
Ion amplifier performance Is summarized, with reference to the from an anslytical.exprilmentsl-uonrputatiotsal approach. Simple,
Inlya andv exeiens uho a electronic cirouit models that are linear and frequency

independent wars extended to models that are nonlinear and
frequency dependent. These circuit models are described by

N76-21427 Harry Diamond Labe., Adelphi Md. analytic expressions. A few test configurations were built arnd
THE DESIGN OF FLUERIC. TURBULENT, WALL ATTACH4- their responses Were measured, Simulation for these configurations

VMINT FLIP-PLOP& was performed with digital computer programs. Ccntparlsons
Tadeusi M. Drdewiecki In AGAIIO Fluidios Technol. Jan. betwean the test dota and simulated models were made and
1970 p 249-290 rafte (For availability see NtI-2 14.30 112-34) qualitatively evaluated: these dots are generaliy ini agreement

A guidri Is presented for the design of turbulent, wall over tirea ranges tested. Author
attachment fllp-flopa with straight walls, and sharp splitters. The
analysis provides the steady sitate and transient characteristics, N76-21443 Harry Diamond Lobs., Adeiphi, Md.
and the results aer presented graphically to facilitate design, FLUIDIC STANDARDIZATION EFFORTS
Fabrication techniques are discussed where they may compromisa At. Piaer Trask, 11 in, AGARD Fluidics Tochnol. Jan. 19703
design criteria, A specific design for minimum response time Is p 487.496 (For availability see N76-2`1430 12-34)
followed from conception ito final component status. In addition Fluidic standards are discussed with respect to their
a typical design problem itt considered and solved, Author deveiopment, subject material, use within the Iluidic technology,

and to some extent their relationship to other technologies. The11117-211430 Surrey Univ., Guildford (Englandl. Dept. of many groups that aer active in developing standards anti the
Mechanical Engineering. standrrid documents they Issue aer described. Among the most
DIGITAL FLUIDIC COMPONENT AND SYSTEM DESIGN dactive groups are the Government FluidIcs Coordination Group
0. A. Parker In AGAND Fluidics Technol. Jan. 1976 p 293.316 (GFCGi and the National Fluid Power Association INPPAI. Two
ratis (For availability see N76-21430 12-341 military standards on fliudic terminology. symbology, and test

Moving part and nonmoving pert digital fluid devices are methoda, were developed end recently revised by the GFCG.
discussed. Digital component characteristics, digital modules, Two additional standards on moving-part fluid-logic symbols and
sensors, combiriatiortel. and sequential circuit design rer datia presentation wore developed by the NFPA. These four
described. F.0.S. donuments formi thre framework of the current fluidic standards

used In the United States, Author
N76-2114111 Fechhcchsrchule. Cologne (West Garnianyf.
SIG3NAL ANALYSIS OF FLUIOIC NETWORKS . N76.21444 Harry Diamond Labs.. Washington. OCC.
H4. M. Schawodel In AGARD Fluidics Techinol. Jan. 1976 MILITARY APPUICATIONS IN FLUIDICS
p 317-388 ralts (For availability wee N76-11430 12-34) ft. N. tGcttron end L. S. Coxt In AGARD Filadics Technol.

l1re probiems of signal processing In fluidic networks are Jan, 1970 p 497-510 refs (For availability see N76-21430
compared to those In electrical communicatir,* Topics discusseod 12-34)
include: the electric-fluidic analogy, turbulent . .lraicsta , transmin- U.S. Government programs In fluidica are discussed with
sion lnes, ac-circuits, and pulses in Iluidic networks. F.0.S. brief descriptions of current system applications along with present

government efforit, In fabrication and reliability. Author
N76-2144 Lahigh Univ., Bethlehem, Pa.
ANALOG FLUIDIC CIRCUITRY: REVIEW, CRITIQUEI AND N74.21445 Ai~flasarch Mfg. Co,. Phoenix, Ariz.
A NEW OPERATIONAL AMPLIFIER AEROSPACE FLUIDICS APPLICATIONS AND CIRCUIT
Forbes T. Brown In AGARD Fluidics Technol. Jen. 1976 MANUFACTURE
p 3939-407 refs (For avoilability see N76-2143U. 12-34) T. G. Sultan, Sr. and W. J. Andaixon In AGARD Fluidics

Two different approaches to analog fluidtic circuitry are found Technul. Jan. 1976 p 511-536 (For availability see N78-211430
In the literature. The first utilizes high gain amplifiers with feedback 1 2-34)
(operational amplifiers) to achieve easy design. excellent linearity. Thu application of fliudics to the solution of aerospace control
low noise and low sensitivity to disturbancas at a cosl of limited problems began at Aifteeearch In 1964. Several devalopment
bandwidth, high power, consumption and high expense. The iscond programs have resulted In production applicationst related to the
utilizes fewer amplifiers with teeid-forward! and a minimum of major Ail~esearch product lines which Include gas turbiones,.
feedback to achieve the opposite consequences. An operational propulsion engines, air motors. mnd environmental control systerms.
amplifier Nx proposed which, through resonance tubtis placed In Early in these development progiams. It was realized that the
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masnufacture of monolithic flueric oir.ultz would be necessary im menituioned it is rhhown how the arbitrarv elemrents wini ho
* frItr aerospace use of this now technology. Reseaorch and rormosuri and a perfectly coharirrt &etat f equationls inl intiurtil

invastiga6tion of production processes resulted In the use of forin obtainedl The possibility is sthown of a fundamental
plioto-chernical machining and assisted diffusion bonding for imnprovemenrt In his caloiuliiticin of thor rfiutinibtirr thatrrrrll trn
nrsnrrfacture of production and development fluidlo circuitry The utia oil a three or four-pararirtar liirtilly of cjioriaraliisrt toritillai
u&4 of these processes has ted to the successful application of solutiorrs taking into a~ciount ther tranevursu~ verintlillity ofthoir
fluidics to aeirospace products. Author pressuru Auithori

N76-21440 Sheffield Univ. (England). Dept of Chemnicril N77-11367# Advisory Group for Aerospace Research and
Engineering Development. Paris (Francs).
PLOW CONTROL CIRCUJITS FOR TOXIC FLUIDS FLUID DYNAMICS PANEL. SYN'PO§1UM ON fLOW

J R Tippeltt. N. Syreci,.J. Grant (United Kingdom Aiomic Energy SEPARATION
Authoritty, RIsisy). and R. E. Strong [Brit. NucI. Fuelb) /i, AGARD D. J. Peaks INAE. Ottawa) and W. J. Rainbird (Carleton Ujniv.)
Fluidics Tatihnol. Jan. 197a p 837,.506 role (For availability Oct. 1976 1S p rate
son N70-2 1430 12-34) IAGARD-Att*B8l Ava~ll NTIS HC A02/MF AOl

Classical end tnewlytdevelopord fluidic devices which are This report conitains an nvaluatIon and appraisal of the subjeot
taping Used to handle active fluids In a nuclear fuel processing with recormmendations for future research, Current knowledge

Frplant are described. Author and understanding of the fluid phyeloa of 20 and 30 flow
separation and reattachment. particularly for turbulent flows. Is

0174-211447 Sheffield Unliv. (England). Uepr. of Chemical limited. It Is necessary that high qualify, carefully planned 2D and
Engineering end Fuel Technology. 30 boundary layer experiments be conducted to obtairr depend-
DEVELOPMENT NEEDS able exrperirmental data to enhance our basic knowledge, and for

i.A. lippatto In AGARD Fluidics Technol. Jan. 1976 lp 567-502 seIn verification, validation and development of theoretioal
sf ioe:Fr aviablt s evelNopm21nt 12-34) ratlonal processs, These complete, unambiguous data sets

Theimprtace f dvelpmet a a atinalproesslitshould Include detailed doourmentatiotr of all measurable quantities.
errphasized. Scope for future development with a reasonable both mean and fluctuating at the wall, In the viscous boundary
prospect of pay-off is dIsicussed. ft Is shown that tire general layer arnd In the external flowlield. Emphasis should be placed

f Ied oi flow control Is worthy of intensive development. Numerous on redundant measurement techniques to ensure high data
useful applications for fluidic techniques exst In chemical and reliability, Author
nuclear plant, So1m11 useful circuits era suggested; the development
needs are, self-evident. The many divarse flow control elements N77-1M352# Advisory Group for Aerospace Research and
arfe Interreleted by the indefinite circle diagram. This results int Development, Paris IWrancel.
tIre ident ification of certain denslratria properties which may guride PLOW OF SOLID PARTICLES IN GAMEB
the future development of devices and ciircuits. Author George Rudfinger (State Univ. of New York, Buffaio) and A. Auriol,

ad. 1linot, Franou-Ailemand do Recherche& do Sainti-Louis, France)
N76. 21448 Harry Diamonid Labs., Adeiphi. Md. Oct. 11976 94 p refs
FAISRICATION REQUIREMENTS IN FLUIDICS TECHNOL. IAGARD.AG.222; 11SBN*924135.t22S.6) Avail! NTIS
OGY HC AC1B/MF AOl
Lyndon S, Coxi In AGARD I'luidics Technol. Jan 1976 Research on get-partiale flow In Germany, Great Britain.
p 583-593 rafa (For availability see N76-2 1430 12-34) France, end the United Stales It% presentied. Fluidiged bade and

The relationship bItweer tire manufacturing processes arid lasor-Dopplor anommonrters were used to measaura solid particle*
the successful fabrication of a fluidic item for a sipacific use 13 and gas flow. For Individual titles, see N77-12353 through
discussed. Tire fabricatioir process including cutting, at chimgj N77-12357.
costinrg, electirolormrrr Fg. andI foririlng art reviewed along with
the piroblerm ireas Typeor of applications such as swvitchirrg and N77-122303# Office National d'Etudes at do laecherchas
logic circuits. mnd analog ocrulls are presented,. F.0.15 Aerospaitiales, Paris (France).

FRENCH CONTRINUTION TO AERODYNAMICS OF
N76-23535# Advisory Giroup for AvrospauL' Planruirrcr airrd GAS-PARTICLIJ MIXTURES
Developmaint, Paris lFrmnco1. Paul Kumintuncrn fIr AGARD Flow of Solid Particles In Gases
IMPROVED NOZZLE T11114TING TECHNIQUES IN THIAN. Oct. 1078 p 1.118 rats (For primary document see N77-12352
IONIC FLOW 03-34)

F.Jausrma INatl. Abuvuspaco Lab, Anistrerdairi Pt)th. 19713 Avail: NTIS HC AO5/MF AOl16top rfo Three examples, concerning the aeroepace field. are presented;
IAGAiID-AM.94) Avail NTIS HC S3.50 they concern rocket propulsion, laser anomometry and capture

Summary sort corrciusronir are prouurrnrri on ihe autit. unit of droplets. A precise knowledge of the particle size distribution
Joint arralyses portornied orn notrria lenniring tucniqtruij~ir kttnulutgo is essentlal In most costs. and Improvements In optical techniques
wind tunnel ustaic prussure, Naynroids Nuiribur. bhrorirdury iuiyur. are desirable. Velocity measurements, satisfactory for Amafi
model support, wail Irrturlaronuri. bicotruircy, slitnubunty unrriirrsiy. concentrations, should be extended to larger ones. Temperature
nocatls pressour ratio, and jut lunipurirturra are repoiiintu. Autirtir memeouroeinen methods for both phases aexist. Intearctions between

particles should be better known. Author

N76-23538# Advisory Group for Anroupslue Mnrutrruich find aageaaatle
Development. Paris IFreircul. N77-12354# Deutsche Forsohunga- und Vruhosatla
FLOW SEPARATION Luft- und Aaumifahrt. Goettingeln (Weal Geirmany),
Peb. 1978 40 p rets Presernted ast tlia AGAHD Huiur Dyri GAS FLOW$ WI1TH SOUD PARTIOLI.1111i RESEARCH ANID
Panel Syrnic. Gooltirigen. Gerrmanny, 27-30 May 10157 DEVELOPMENT IN GERMANY
(AGARD-CIP-110SSuijpll Avail NTIS HC $4 00 W. Wuest /nt AGARD Flow of Solid Partlclat in Gaees Oct.

The calmilatIon is diavirassd of lirninrrr tinpararrirnwir chrr hul 1976 p 19-32 refs (For primary document see N77-12362
always reporeasented iris of lire riout relevant prorbiniru of bourrilury 03-34)
]ayer theory, even within ihe classical Prandtris uruunrrlitiurn of Avail: NTIS NC AOB/MF AOl
vanishing trarnsvoorse pressure tiradlierri Huiuurt tirnoris ritlurriri. Fundamental research on forcoeand hoat-tranafir laws and
ring to calculator separatior sitar rulaxirng Pirindrir t ssl~ivriptrrn propagation of sound and shock waves Is discussed 4a well as
cire reviswed. Purely nurrerical results biased air thri finite diffuruirco more applied work an geneoratIon, conveying, eaparation and
solution of tire complrete Naviar-Stokas niclustionri are tiriufly measurement of particles. Author
menurioined. Tile analytical proceidure bosed our a rrruiiipisr luVur
treatment developerd independently try Naila0nr anrd by Stawurisoni N77-12395# City Univ.. London (England). Dept. of Mechanical
and Williams its discussed in detail troth in ithe tounidailonrs anid Engineering.
in the derveloprenrts. Somer as yet uonrniiurrnuil runiults ure aisu A REVIEW OF RESEARCH IN THE UNITED KINGDOM IN
given. A critical diecuasrort follows, showing the iniitufiniorrru of THE FIELD OF MULTIPLE FLOWS OP SOLIDS AND
the present asymrptotic troalmiani of thre return flow, A third GASES11
procedure Is thought to present a certain Interest. tiet is tire Fil. A. Duckworth In AGARD Flow of Solid Particles In Gases
generalizatiorn of von Koarman momentum Integral prrocedture taking Oct. 1976 p 33-46 raif (For primary document see N77-12352
rinto Account the exsteance of trarnsverse pressure gradients. Thre 03-34)
attenript by Holden coil Moselle, containing some arbilrortirreva. Avail; NTIS NC AOS/MF A01
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Underatanding of solid-g.,eous flows Iii much lost complete
than In thes cote of fluid flows partly because of thin limitations
imposed by the availiable measuring techniques Several such
techniques are discussed. The compiex flsturo of gaa-Partic'e
flows has led to on attempt to obtain a generaliveci omrpirrcal

soluionwhih I brqfl decried.Particle detrubitirci. onlrainmerit.

* idiscussed. Author

N?177*123651111 Von Kerman Inst. for Fluidi Dynosmiti. 1`4hoerinSaint.
Genuine (Belgium)
PLOW OF SOLIID PARTICI-1S IN OASES:118 ACTIVITIES AT
THIS VON KARMIAN INSTITUTE FOR FLUID DYNAM.ICS
Joan J Girioux end Michel I'liethmuiier Jrr AGARtD Flow iof
Solid Particle& in, Games Oct 19~76 p 47-64 rtos (For prnimary
document iee N77-12352 03-34).1 Avail: NTIS HC AOB/MF A01

Low speed and high spead gos-particle flow are discussed.
* ~Theoretical and experimental1 aspects are alga discussed, as well

as some work on Instrumrentation. In addition. obsearvolions In, a
fluidiged bed arei briefly described. and dovelopment of a laser
Doppler valocimatsr In outlined Author

N77-1211117# Textronr Bell Aerospace Cal, Buffalo, N.Y.
FUNDAMENTALS AND APPLICATIONS OP OAB.PARTIOLE
PLOW
George Rudinper In AGAIID Flow of Solid Particles in Games
Oct. 1976 p 1:1586 refs (For prImrreV documrent see N1477112352
03-341
(Contracts F44620.70.C-0i16:5 NOOC l4'67-A.0226.
Pirol. SQ.UlID
Avail: NTIS HC AOB/MF AOl

This survey deals With flows Of a 9as in which small, rigid.
slid permanent particlves are suspended. Particle concentrations
range from so low that this particl** do innt effect thre gob hlow

* end can be treated ism single particles, Ic so hrigh that the pantiales
oupy err appreciable volume flecitiorr of the mixtiure Thre

dynamrics of single particles in continuum gird low-donsitt flow,
the thmrmodjynamics of gam-particla nmirlures, and the basic flow
equations flar oris-diniorslonai flow ere discuisserd Wave
propagation, nosalc flow and gao-particle iots arm also discussedr
Additional examples of arnalytical and experimental results ore
given to illustrate impurtanit ulluations. fimplrnsis iki plaiiaod uni
work performed In thre Unitad States Author
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35 INSTRUMENTATION AND
PHOTOGRAPHY

Includes~ raiott sensors, measuiring iiistrunortiits and Vages.

detectors. cameras arid photographic rsupplies anid hoingrtr.
itiSV For aerial photography suit 43 Enarth Resmi~rcrux. For

* ~~~related Informrationi stue irIo 06 Aircraft /rrstwnrrntatrfifoh arit
19 Spacocraft IrSMIMrrvrfafilrrl

* ~N 74-35095# Advisory irorip for Aerospace Resrearch arid
I: Development. Paris (Freance)

TESTING OF PRECISION INERTIAL GYROSCOPES
Dino A. Lorensini (Air Force Aced.) Jun. 1974 73 p refs
(AGARD-AG. 192: AGARDograph-192) Avail NTIS HC $6.75

The basic phases of envirornment. excitation. monitor, and
evaluation Involved in Inertial senaor tests are reviewed
Techniques considered for application to known gyro tasting
problems are described and baes miotroti en~viroinment, computer.
controlled test operation. date acquisition, and data handling
probientisarer identified The studies suggest that the development

* I of a more comprehensive gyro error mrodel is needed to
uncover some of the coefficient disaareenranth and Instabilities
which occur between different tests, and different test equipment.
Mini-computers are discussed in terms ot their advanced
capabiitites in data acqubistion and processing methods for
improved test accuracv speed, and versatility Author

NIB.2SS25* Advisory Group for Aerospace Research and
Development. Paris (Francs).
A REVIEW OF ANTHIIOPOMITRIC DATA OF GERMAN
AIR FORCE AND UNITED STATES AIR FORCE FLYING
PERSONNEL. 1967 -1960
H. J. G~run~ho~falrad (German Air Force) and G. Kroh, ad. (German
Air Forc Int.a Aviation Mod,) Apr. 1975 180 p raef
(AGARO-AG-205; AGARDograph-205l Avail: NTIS HC 67.00

Standerdized equipment, delinitlorra and procedures were used
according to Hertzberg for each program. Both date collectiorns
weai obteined from preselected pereannel and are not representa.
live of the whole mete population of the respective country:
however, the results are representative oif the reference collectives.
For each body dimension the following detailed information Is
given- the definitioin. written and lilluatreted. of body dimension
to be measured; the trequency of certain ranges. a breakdown
of OAF and USAF data In percentile: expentilas on the statistics

* of data distribution. Tha correlation matixs of OAF data is also
Inciuded. Author

N76-21492# Royal Aricrait Estabiishmentrr. Farinborough
(Erngland).
THE POSSIBILITIES OF USING A SCANNING ELECTRON
MICROSCOPE FOR THE STUDY OF COMPOSITE MATERI.
ALS HAVING AN ORGANIC MATRIX
J Auvnirre arid J Roirchori Dec 1975 12 p) ruts Tratirs into
ENGLISH frrr ithe Fniincii PRipot AGARD CP 163
iRAE-iLib-T1nrrs.1874. Sf1509 19. AGARD CP 163) Avaii NTIS

The scainnrinig niectioir riricrocopo. with its. arfle 1)011t of
field aind high resolution riuktirv iioi,5i1le th li vaClrct ens niliutror, '
of fins and rlnapty contoured surfaces and is thus particuliariy
suiitabie for thie stimly of icomrposuite rtnrnuirial Tur use in driru:ribecl
of a scaniningl electron mmioscopti for quai it li ity Cent iii
and Itre study of fadiurn nuirtacirs arird corrosion ini glassm tard

i g h nmodiuius fibru'/ mpoxy m1at rix omrnnpogutes Eiich of these facets
iii luslf iti~e tihitullivphiiird Iy Autihor
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36 LASERS AND MASERS

36 LASERS AND MASERS N7b.1832 Deutsche Forschungs. und Versuchranstalt fuar
Luft. und Reumfnahrt, Obarpfaffenhofen (West Germanyl Inst.

Includes pairamtric ampliftirs fuer Flugfijnk rind Mlkrowellon.
AIRBORNE INSTRUMENTATION ALTIMETERS. DOPPLER-
NAVIGATORS. VELOCIMETER. CAT.DETECTION
F Mlotrs Ini AGARD Evaluation of the Potential Benefit to
the Aaron. Field from Laser Technol. Dec. 1974 12 p refs
(For availability see N75-16828 08.361

N74-23082# Advisory Group for Aerospace Research and The possible uses of lasers in airpleres as altimeters.
Na 3,82t AdrisoFrae}. velocimeters, for Doppler navigation arid for clear air turbulence
Developn'mint. Paris (France).
LASER i.8TRUMENTATION FOR FLOW FIELD DIAGNOS. detection are discussed. It is shown that the shorter wavelengths

of loserr have soarre advantages over microwaves and radiowaves
TICS ]SapI83M
J. D Trolirger (ARD, Inc I. S M Bogdonoff. ad (Princeton. in avionics apphiost riG

Univ.). and J. A. Smith, ed. Mar. 1974 128 p refs
(AGARDograph-186; AGARD-AG-1881 Avail: NTIS HC $0.50 N71.1133 Army Electronics Command, Fort Monmouth, NJ.
CSCL 20E THE APPLICATION OF LASERS TO THE PROBLEMS OF

An introduction to coherent optics and holography is VERY LOW LEVEL FLIGHT OBSTACLE AVOIDANCE AND
presented. A discussion of the appliclntion of lsers In aerodynamics TERRAIN FOLLOWING
is presented and examples taken from many different laboratories C. M. Kellington In AGARD Evaluation of the Potentill Benefit

are Included. The use of lasers to complement conventional optical to the Aaron. Field front Laser Technol. Dec. 1974 9 p ofle
methods is reviewed while more advanced techniques are (For availabIlity see N75.16i28 08h3o)
presented in greater detail. These Include new methods In Learave found application Ir helping to loe the problems
Intarferometry, holography, and laser Doppler techniques. Author of very low level flight by U.S. Army aircraft. In the following is

discussed; the reasons why Army aircraft fly low, the nature of
the operational problems encountered at low altitudes, the

N75-16828# Advisory Group for Aerospace Research and technical problems associated with the design of systems to
Development, Paris (France). enhance low level flight capability, research efforts to date directed

EVALUATION OF THE POTENTIAL BENEFIT TO THE toward solution of the problem of low level flight and finally a
AERONAUTICAL FIElD FROM LASER TECHNOLOGY comparison of the capabilities of microwave and laser systems
Dec. 1974 261 p rats Partly in ENGLISH: partly In FRENCH in this erea. Tie limitations of laser systems and research areas
(AGARD-AG-1t95; AGAROograph-195) Avail: NTIS HC $B,0 still requiring rivestigation are also discussed. Author

The characteristic properties of lasers are reported arid their
applications to aeronautical engineering are discussed. For N71-161134 Lincoln Lab., Mass. Ilot of Tech,, Lexington.
individual titles, see N76-16829 through N75-16843. AIRBORNE SURVEILLANCE AND RECONNAISSANCE

R. H. Kingston In AGARD Evaluation of the Potential Benefit
to the Aaron, Field from Laser Technol. Dec. 1974 3 p- Sponsored

N78.16823 Royli Radar Establishment, Malvern (England). by Dept. of the Air Force (For availability see N75.16828 09.36)
REVIEW OF CHARACTERISTIC LASER PROPERTIES The use of a laser for illumination offers many advantages
M. J. Taylor hi AGARD Evaluation of the Potential Benefit it over reconnaissance and surveillance using either standard
the Aaron. Field from Laser Tachnol. Dec. 1974 24 p role photography or microwave radar. Foremost among these
(For availability sea N75.16828 08-36) advantages are high resolution Images not dependent upon

Lasers can be made from solid, gaseous or liquid materials, daylight, much higher resolution than that obtainable with radar,
and the emission may be either continuous wave ICW) or pulsed, and the possibility of range.gating for suppresslon of foreground
depending on the system. The range of CW power in laser beakscutter as wall as range determination In this review of
beams varies from miliiwatts to kliowaltts and pulsed systems the use of lasers I ltaibofrne surveillance and reconnaissance,
give peak powers of up to terrowatta with pulse widths in the the detailed advantages of such systems, the types of systems
picosecond range. The energy in such short, intense pulses may and possible applications, and the problem areas requiting further
not, however, be very high. The principles and properties of research and development are discussed. Author
lasers are summarized, emphasizing aspects which are particularly
relevant to avionic systems design. Author N75.18835 Royal Aircraft Establishment. Farnborough (England).

RANGING GUIDANCE AND DESIGNATION
A. R. Newbery and J C. Mabberley In AGARD Evaluation of
the Potential Benefit to the Aaron. Field from Laser Technol
Dec. 1974 10 p refs (For availability see N75-16925 08-34)

N75-16830 Service Technique doe Telecommunications de I'Air. The use of lassie for ranging, guidance and designation Is
Paris (France) reviewed and advantages and disadvantages over more convan.
POSSIBLE APPLICATION OF LASERS IN AERONAUTICS tional techniques are indicated. The discussion Is mainly limited
IDOMAINES POSSIBLE$ D'APPLICATION DES LASERS EN to systems employing basic components which are currently
AERONAUTIQUE] available. Possible future systems are mentioned, with some
Jean Bortrais In AGARD Evaluation of the Potential Benefit emphasis on the development trends axpected. Author
to the Aaron. Field from Laser Tachnol. Dec. 1974 5 p In
FRENCH (For availability see N75-16828 08-36) N75-16136 Thomson.CSF. Isay I@s Moullneaux (France).

Laser use in aeronautics covering data transmisaion support, TRAJECTOGRAPHY: TRACKING I"RAJECTOGRAPHIE:
analysis of structures, tests of aircraft equipment, and as a source POURSUITE I
of light in hologrephic procedures is reported. Image storage H. Maliet (Labs. do Marcousasie. G. Coudero, P. Sargent. M
trajectory determinations, and reconnaissance missions are also deNoray lEngins MATRA), and R Moreau (ONERA) In AGARD
discunsed. Transil. by E.H.W. Evaluation of the Potential Benefit to the Aaron. Field from Laser

Technol. Dec. 1974 38 p refe In FRENCH; ENGLISH summary
iFor availability see N75-16828 08-36)

Problems relating to the optical tracking of a target, either
friend or foe are discussed, Generalities are given on methods

N171t-1311 National Aeronautics and Space Administration. used to solve these problems and the main types of lasers that
Goddard Space Flight Center. Greenbelt, Md. ware used. A survey was also made of the methods applicable
OPTICAL COMMUNICATION IN FREE SPACE to air target tralectogralphy, i•ciuding those parts of the trajectory
Henry H. Plotkin. Nelson McAvoy. lrid Michael W. Fitzmaurice that ere in contact with the ground. Satellite trejectogrephy from
/n AGARD Evaluation of the Potential Benefit to the Aaron. ground bosed stations and optical tracking in the instance of
Field from Laser Technol. Dec 1974 24 p rets (For availability antiaircraft defense operations are included. Author
see N75-18828 08-36)

Two classes of later communication systems for handling
very high data rates across Inter-sltellite distance& are considered N75-18B37 Coinpagnis Generale d'Electricite, Marcoussis
that provide for high antenna gains. wide modulation bandwidths. (France). Div do% Applications Optiques,
and optical receiver sensitivities. System design considerations 14OLOGRAPHIC STORAGE OF OPTICAL IMAGES AND
are based upon the carbon dioxide laser modulation to accommo- VISUALIZATION OF LASER SYSTEMS ISTOCKAGE
date digital or anolog information, end the neodymium doped HOLOGRAPHIOUE DES IMAGES OPTIOUES ET SYSTEMES
YAG laser pulse for digital modulation. G.G VIBUALISATION A LASERI

185



36 LASERS AND MASERS

G. Couirler In AGARO Evaluation of the Potential Benefit to N7-116042 Service Technique des Telecommunications de lAir.
the Aaron. Field from Laser Technol Dec 1974 26 p refs Paris (France).
In FRENCH. LNGLISH summary (For availability sea N75-1t828 CONCLUSIONS AND RECOMMENDATIONS ICONCLU.
08.36) BIONS ET RECOMMANDATIONI]

The state of the art in the fields of holographic storage and J Bertrais In AGARD Evaluation of the Potential Benefit to
retrieval and large screen displays was examined. Particular the Aaron. Field from Laser Technol. Dec 1974 7 p In
attention woe given to methods, as the Fourier transform FRENCH (For availability see N75-18628 08-36)
holography and frequency carrier photography. Advantages of Racommundationa regarding the feasibility, use. and applica-
the methods using laser sources were reviewed along with main tions of various laser types end laser systems in aerospace are
parameters influencing design concepts Author given. Special attention was given to tracking studies, communica-

tion, surveillance and reconnaissance onboard aircraft, and image
N75-16-38 Physics Lab RVO.TNO. Tihe Hague lNetherlands). storage techniques Transl by E.H.W
OPTICAL CORRELATION
J A. Boder In AGARD Evaluation of the Potential Benrfit to N75.16843 Direction des Racherchas at Moyens d'Essyis. Paris
the Aaron. Field from Laser Tt,:hnol. Dec. 1974 20 p refs (France).
(For availability see N75-16828 06-36) ATMOSPHERIC LASER EIAM PROPAGATION

A survey is given of the moat common types of coherent A. Lauranu In AGARD Evaluation of the Potential Benefit to
"optical coirelators, which are classified as spatial plane correlatore. the Asron. Field from Lamer Technol. Dec. 1974 21 p refs
frequency plane correlators and special reference correlators Otly In FRENCH; ENGLISH summary (For availability see N75.16628
the Ipetial plane oorreletors are dealt with rather thoroughly. O8-36)
Basic principles. some special featmres, advantages and disadvan- Laser beam propagation is modified by ebsorption, by
toags mostly are given with references to relevant literature, scattering and ,jy turbulence, Absorption in the atmosphere is
Optical procesaing of sideways looking synthetic aperture radar brought about by molecular constituents. The absorplion by
date and the ecousto.optlcai procesasing of linear FM radar signals scattering depends on Rayleigh scattering end Mit scattering;
are described as special refereiice correlators, of which the first Rayleigh scattering can be neglected for wavelengths longer than
has become the moat important application of optical data 0,5 microns. MWa scattering is related to the dimensions of the
processing to date. Some advantages and disadvantages of particles; the attenumtlon of hazes and selective fogs decreases
incoherent corralatora are given for comparison along with some when the wavelength increases. The effects of turbulence on
esemplas of the most common types, A detailed description of laser beam propagation are beam spreading. beam deviation,
a simple coherent spatial plane corralator Ia given. Some amplitude and phase variations whose consequences are
esperimental results are mentioned. The reference function in scintillation and coherence losses; those effects are more Importantrhis correlator is realized as a hard clipped phase plate, which for short wavelengths than for long wavelengths. Author
,.,suita In a large detection tegion and a high signal output.

Author N711-170111 Advisory Group for Aerospace Research and
Development, Paris (France),

N75T-161S Army Electronics Command, Fort Monmouth, NJ. EVALUATION OF THE POTENTIAL SENEFIT TO THE
THE LASER GYRO AERONAUTICAL FIELD FROM LASER TECHNOLOGY
Vernon Dickey In AGARD Evaluation of the Potential Benefit (EVALUATION DES APPUCATIONS POTINTIELLIS DU
to the Aaron. Field from Laser Technol, Dec. 1974 10 p refs LABER DAN$ LE DOMAINK AIROSPATIAL)
(For availability see N75.10826 08-38) J. Bertrals l8TTA. Paris) Dec. 1974 8 p In FRENCH

A general discussion of laser gyro technology is presented iAGARD.AR-66) Avail: NTIS HC $3.2.5
which Includes basic principles of operation and various affects A resume on lasers and their application to aerospace are
which introduce errors This is followed by a review of the presented, Data cover; trajectography • tracking, characteristic
engineering aspects of design and contruction. Finially, the properties of lasers, laser telemetry, holographic etorealo of optical
potential capabilities arid liniltations as related to system Images, and optical fiber communication Trenl. by E.HW.
applications are considered. Author

N75.16840 Office of Navel Reseatch. Arlington, Vs.
APPLICATIONS OF LASER OPTICS TO AERONAUTICAL
ENGINEERING
Robert 0. Matulka In AGARD Evaluation of the Potential
Benefit to the Aaron Field from Laser Technol. Dec. 1974
23 p refi (For availability see N75.16828 08-35)

The use of lasers and laser optics is discussed for several
fields of aeronautical engineering which inilude experimental fluid
and structural mechenics and testing. The advantages of laser
optics and the application to laser scattering, holography, and
photography are outlined. The application of holography to wind
tunnel diagnostics is detailed as a tutorial example of applied
suaer optics. State of the art description is also attempted for

the fields of non-destructive testing, vibration analysis, laser Reman
spectroscopy, velocimetry. and photo-elastclity Suggestions for
potential applications are made when appropriate, throughout
the paper. Author
N75-16941 Compagnie Generale d'Electricite. Marcoussili
(France). Section Electronique at Photonique
OPTICAL FIBER COMMUNICATION ONNOARD AIRCRAFT
[COMMUNICATIONS PAR FIBRES OPTIGUEIS A BORD
DAVIONS ]
J Ernest Irn AGARD Evaluation of the Potential Benefit to the
Aaron Field from Laser Technol Dec 1974 11 p refs In
FRENCH; ENGLISH summary tFor availability see N75-18828
08-36)

Recent advances in optical fiber transmisslon and their
potential tose In orn, slpecific areas are reported. These advances
include different types of low pass optical fibers, single mode
cladded glass fibers. niultimode cladded glass fibers, multimode
cladded liquid core cladded fibers and SELFOC glass fibers
Important components ot an optical flibr link, mostly light emitters.
are examined along with tradeoffs and possible comblnotlona of
components for specific system applications. Advantages of optical
fiber transmission era discussed with emphasis on features related
specifically to communication link problems with an aircraft.

Author
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37 MECHANICAL ENGINEERING

F A Tliomptioi sridl 0 1 Williams lip AGARD Advan Manut37 M CHA IC L E GIEERNGMothods and theiir Ecori Imprlicar~tions Mar 1975 15 p left,37 ~~ ~ ~ ~ (o MEHNCLEGNEIGin vaitablirty see N75 22749 14 37)
Includes auxiliary systems (non-power); machine Powder 'noitalturuircal techniqiues are reported. when appr~lied

elements arnd procehss**, and mechanical 9quipment to siitraiilloy, producitionr overcome marny ot the problemns facing
tile silloy ilevelopeiri for iiteraln to limit rir the critical high

N75-22749#i Advisory Group for Aerospace Research and tImmiroiltuie lirtonsi of iritcialt ties iirtniiiio eulinnis ItiIs shrown
Develoipment. Paris l(inier,) AND only ti)thelyovoiicooiniifaiiy teitzhiiculiWproblems.hilli tirehi

POWDER METALLURGY AND JOINJING (rosnu Author
Mar 1975 112 p refs Iii ENG LISH-. partly in FRENCH
IAGARD-R-627) Avail. NTIS HC 55.25 N75-22754 Atojirir Entirgy 1`11216k)[01 Llit Iit Stillirri Witall aWl

A systematic examination of the field of advenced fabrication (England) Piorresr Trchiioiogy Div
techniques is reported. together with air analysis ot the impact TITANIUM POWDER METALLURGY
of these new procedures on costs. Six papers, given before the P W Stillff and P' G, Moidon lit AGAFID Advair Maiul

AGARD Structures and Materials Paneil in tlia spring arid fall of Method sill, trrheir Elmor nImplicationrs Mar 1975 17 p refs
1074, are containted in this document These slx papers exrplore (For avditahility stiot N75-22749 14-371
the lt est state-~of-the-art arid the potentials for future development Tecimittcriclai crot ttso iariiiPwe

intes apr aesuhara a etljoining methods. titahriftio route such as market size. distribution. scrap antlotss
prdutonIch di0 froflpersion -strengthened materials end gerreration and mutnilal utiiization aer summarized Methods by

Vaiu apifBO odrmealry h six Papers contained wtiicht tilarriun arid titerriurr alloy powders aer itesertilly produced
in thsrpr osiueapilot effort by the Structures and Suich as spairpr. fused %all intectratysis. hydrIde dehydnide, rotating

paelintisImotat ied Fr nivdultitleet see) N75622750 togeltthrr with typical p~owder properties Possible ways of

thro~uglh to t1w variety ut (lot coilrmotletIlont proceurven. now lieing
N76-22760 Air Force Materials Lab. Wright -Pat tersoni APB. :1iriployrid to achieve piiopoititts euivii~ltltei to Wrou~ght maiteriail,

Ohi Mtas Banh.ies conisidererd with exampnles of mecrhanical properties so for

POWrRy METALLURGY PRODUCTION PROCESSES achievird Sanei prieuinirrary economill consaiderationrs alit dis*
Clakcovn. Meiruitin Mt 17 1 Fo Metialorlty te itbicattoi unis availshiii to date anrd theirIinripticutiorrs upon

Iton N7 pli2t2o49 Met.7 196 1 Fraalblt e he likely Irivol at finishedt tafrt trust of e given quality are also

A review of the currant status ot powder maealluirgy IP/M) rotediAtho
technology arid its arpplication to aircraft engines and torecimaiinda-Ns27.Srit itiri i~ur td uitutcrd
tionis at the Powder Mietalluigy Seminar are discussed. The
state -of-tho-art in powder production, consolidation methods. Moteurri d'Aviatiori. Paris (Fiiarnce) Lab do Ia Urrer:tiori
secondary otreratlons end NOE is idiscussed for titanium. aluminum Tcrnti
and euparallay P/M products. Also. a summary of pertinent United WORK ON THE CALCINATION OF HEAT RESISTANT
Slates Air Force marnufecturing technology programrs in P/M is NICKEL BASED ALLOYS IMISE EN OEUIVRE UIESALLIAOIES
presenrted, Author FRITTES BASE NICKEL RESISTANT A CI4AUD I

Paierr Lescop hit AGARD Adusir Mariut Methods alid their
Etion nirliourtrorrs Mar 19765 1) us ii FREliNCH (For availabilityN75-22751 Air Force MalerlaioN Left, Wiught-Pptterson AFB. see N76-22749 1 4-t:71

A REVIEW OF SELECTED MANUFACTURING TECHNOL. h rdcsotirc ypodrmtlrryaerpreOhio MealsBrach.showing that nickel basted alloys possess good inechanioirl
OGY PROGRAMS FOR METALS JOINING properties. Thre developmnrrrt of new lecrirhiques stil the highFred R. Millei In AGAND Advan. Manut Metirids arid their cost of materials are discurinen Trarisi by M C F
Ecort Implications Mar. 1975 33 p tole (For availability see
N76-22749 14-371

Air overview is presented of the United States Air Force
Materilsl Laboratory. Mlanufacturing Technology Division.s
involveinent in the development of a variety of advanced metals

jininlg processes Procssses discussied ii, this paper Include
eiectroir beam welding. plasmna arc welding. inerlia welding,
weidbondinig and diffusion bonding. Autiror

N75-22752 Deutsche Forstrhurigs rind Vaigcsurliinstaht trar
Luft. und Raumtehrt, Pori (West Gerianayl Intra fuel
Werkstoftf-Forschurig
PROCESSING OF DISPERSION HARDENED MATERIALS
G. Wirth In AGARD Adveri. Menuf. Methods and their Ecior
Impiicatiorns Mar. 1975 16 p refs lFor avalability see N76,22749
14. 371

Prodnuiron mothnds for dispersion -strerrgt hened metals and
alloys. especially materials toi high -emperature eppileatroris are
reviewed including commercial as well as advanced experimental
t echniques. Their effect oil mechanical properties and economic
aspects are discussed. Because of tilie nearly exclusive application
of powder metallurgical techniques to the production of dispersion.
strengthened maetrials. this production method preferably is
discussed Also. sapeial strengthening mechaniams are pointed
out. Compariisons are made to other high -t(IMPsrFAtiire strengthen-
Ing approaches me diractioniil solidification of eutectic ailoys
Advanced processes like ZAP applied to mechanically alloyed
dlsperison-strenglheured age-hardenable superalloys. clancel the
complicated and eaipenisive thermomechanloal treatments and
seem to shift the dispersion strengthening up to a level of strength
an~d economy compaiable to the dirrectional solirdification of

sieiitlets Author

L ~~N76-22753 Wrugrin (Henry) anrd Co. Ltd . Horiifond (Englanrd).
PRODUCTION OF SUPERALLOYS FROM POWDERS
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38 QUALITY ASSURANCE AND RELIABILITY

38 QUALITY ASSURANCE AND standards are listed The general formulation of the NDI program
within the framework of life cycle management system is

RELIABILITY discussed together with scheduling consideratians in relation to
Includes product sampling procedures and techniques, .ad raw materiela in process, ndel, end in serice inspection Author
quality control N70.16463 Royal Netherlands Aircraft Factories Folker,

Amsterdam
SURVEY OF PROBLEMS

N76-16465# Advisory Group lor Aerospace Ritnearch arid R J Schliekelmanrr in AGAflD Non-Destructive Inspection
Development. Paris (France) Practices, Vol I Oct 1975 p 83-90 War availability aee
NON-DESTRUCTIVE INSPECTION PRACTICES, N76.16458 07.381
VOLUME 1 Problems limiting the effectiveness of nondestructive ispec.Enrico Bolis. cE OCt. 1975 470 p rcfe tipi INDI) are discussed Areas considered include insipectiorn
iAGARD-AG.201-Vol-1, AGARDograph.201 Vol 1) Avail NTIS of raw materials, inbpection of components, and inspsction of
HC $12.00 aesemblles. A need for established standards in the applicationr

Nondestructive testing methods used to quairantes the safaty of NDt methods as well as In qualification and certification of
of aircraft structures are reviewed These methods are used in NDI inspectors Is Indicated J.M S.
three areas. quality control, inspection of service aircraft, and as
a basic elementofdeelignphlloeophies. Specific methods described N76-10464 Royal Netherlands Aircraft Factories Fokker.
include: macgnetic parlicle inspection; liquid penetrent Inspection, Amsterdam.
X.ray diffraction; gemmegrephy, ultrasonic tests; and holographic CRITICAL SURVEY OF METHODSmethods. For individuail whils, use N76.18459 through N78- E J vainderSchaeiand P. F. A. BlIlmor hi AGARD Non.Deastructive
184768 Inspection Practices. Vol. I Oct. 1975 p 91-128 (For availability

see N76.16459 07.38)

N176,1645S Aeritalle, Turin lialyi. Various nondestructive stet methods are described. These
PHILOSOPHY OF NON.DESTRUCTIVE INSPECTION mnthods Include basic techniques in the following areas. visual
E Boils In AGARD Non-Destructive Inspection Practices. inspection, acoustic and ultrasonic methods, and electrical
Vol. 1 Oct 1975 p f110 reta (For availability see N76.16458 methods the relations between the observed properties and the
07-361 properties of interest are given with eacht method. J.M S.

The coniiept of nondestructive inspection of aircraft structures
is discussed in terms of two philosophies lsfe life and faill
safe. Factors discussed Include structural design, tolerable
defects. staideards of acceptance; and selection of inspection N1`.1716S Royal Netherlands Air Force, The Hague.
methods. A survey of nondestructive inspection techniques is QUALIFICATION OF PIREONNIL
given. J M 8 R. Hilvardink Ir AGARD Non.Dnstrutiive Inspection Practices.Vol. 1 Oct 1976 p 120.139 iFor availability tito N76-1645B
N7616460 Georgn Washington Univ., Washington, 0 C. School 07-38)
of Engineering Ind Applied MECenceA. Requirements of trained and qualified personnel thatBASeIC C JoNes, FRACTURE H. bw AGRNoI.D a determine to a considerabls estent the successful accomplishmentInlspe0.ion Practices, Vol I Oibt 1975 p 11-25 rNfolnD For of nondestructive testing are presented. Only general requirements

are given. as specific arrangements very not only for each process,
availability see N76.18485 07-38) but also for each organization which works with the process, as

The linear elastic fracture mechanics approach in design well as the Item to be tested. Author
agailnst fliactue of sltructural componeints, basicaltly aIstrln

intensity approach which establishes criteria ort fracture instabilityin the presence of a crack, is presentel Emphasis Is pieced on N7.-16466 Laboratorl Contrali Flit, Turin liteiyl.

design of aerospace structures. Factors discussed include the MAGNETIC PARTICLE INSPECTION
fail-safe or fracture safe philosophy of damage tolerant structures. .. Maglstrali lit AGARD Non-Destructive Inspection Praices,
critical crack size. and fatigue crack growth under constant Vol. I Oct. 1975 p 143.188 (For availability see N76.-G458
amplitude fatigue loading and variable amplitude fatigue load. 07.38)
Intg. Examples are given. J MThe magnetic or magnetic particle method of inspection whichallows drecation of surface and subsurface flaws by means of

leakage magnetic fields appearing on the surface of test pecilmens
N79.11461 British Aircraft Corp.. Weybridge (Englaind) is described. An accumulation of a particles cleatly visible toCommercial Aircraft Div. the naked eye Is produced, thus revealing deafcte not previously
DESIGN FOR INSPECTION AND PLANNINT FOR MAIN. visible This method Is suitable only with ferromagnetic materials.
TENANCE OF STRUCTURAL INTEGRITY such as steel, cast iron, nickel, and various ferromagnetic alloys
H Tyrer /it AGARO Non-Destructive Inspection Practices. A summary of magnetization technique, and Inspection methods
Vol 1 Oct. 1975 p 27.54 (For availability seae N78.18458 g .
0738 given Author

The role of the structural and systemns designer in planning
for inipection and maintenance of alrcrrtth structures is discussed. N7?-16457 Laboretori Centralh Filt, Turin (Italy).
A structural inspection program whiLh vernlues the structural LIQUID PENETRANT INSPECTION
integrity of all aircraft in a fleet by maean of visual examination Giovanni Magistrali hr AGARD Non-Deslructlve Intipection
and nondestructive testing is dcitcribed in detail. J.M.S. Practices. Vol I Out. 1978 p 169.180 (For availability seeN76.18450 07.38)

Liquid penattant inspectron which Is applicable to direct
N76-16462 Army Materials and Mechanics Research Center. sraedfco ufc eah wl ufc pnnsi
Watertown. Mass. surface defects or surface defects with surface openlngo i
STANDARDS OF ACCEPTANCE IY NON.DESTRUCTIVE described. Liquids of low surface tension and with the capabilityINSPECTION FOR RAW MATAERALB AND COMPONENTS of penetrating by capllary action into crackl, or openingsl areHerberTION F. R RAWpi MATA LS ANnDrui insectin used giving a surface indication visible to the naked eye AuthorHerbert F. Campbell lip AGARD Non-Destructive Inspection
Practices. Vol t Oct 1976 p 58.82 (For availability see
N76.-6458 07-38) N7T-1948 Brussels National Airport. Zaventern (Belgium)

Nondestructive Inspection (NDII acceptance criteria to assure EDDY CURRENT NOI IN AIRLINE MAINTENANCE
reliability of airframe materials and components are discussed. M. VanAvarbeke /it AGARO Non-Destructive Inspectlion Plactices,
An overview is presented of responsibility, analysis requironrarrls. Vol. I Oct. 1975 p 181-228 refs (For availability see N76-16458
and spcoification requirements Materials and defect 07-38)
cheracterization. which together with service requirements form The theory of eddy current teoling with the surface probe is
the basis for eccept/relect criteria, is included Based upon the discussed. Factors affecting the surface probe impedance Include.
irrterials nad defect characterization, the action areas in the conductivity variations: magnetic permeability veriations; fro-
irrterial life cycle for preparation of specifications and standards quancy variations; lift-off effect: edge effect, thinnes effect, and

are discussed General considerations and requirements for hand capacitance effect. Other topics discussed are. sensitivity
preparing specifications and standards ire discussed. General limit of eddy current teating: quantitative determination of defects;
Luirsidertions and requirements for preparing specifications and airframe holes inspection. mn-niceJilarsous airframe inspection,
standards are presented and the various types of specifications engine on-wing inspections; testing for corrosion, teiling for
and standards are described. Applicable specificalions end crnductivity; and testing of radoma thickness J M S.
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Nd7S- 1846f1 Roentgen Tachrrrscho Dienot N. V. Rotterdam the usne Of Acoustic emission as a non',emtructive inspection
Iethsrlandals Res0arch and Development Dept technique Is discussed. Each stage of the failurb process is detected
RADIOGRAPHY in real time starting with deformation, crack propagation, and
A deSterke /it AGAIRD Non-Destructive Inspection Practices, tire onset of instability. Areas of application discussed include.
Vol. 1 Oct. 1975 j 232-2F9 tefi (Foir availability see N76-16458 low cycle high -stress-intenuity fatigue. stress corrosion cracking
07-38) alid hydrogen embriltiemenft; attain-aging errbrittlement; deulayed

Applicatiorn of X-radiograplry to nonrdestruictive testinig of weld cracking, arid continuous fl-sriGce surveillance Limitations
aircraft structures in discussed The ptiniripies of radiography are oif acoustic ernltiiuorn techniqtues are Summarrizeiid. M S
given and X-ray equipmrenit artid espsure techniques described
Topics considleredl inuiude difference between the examninationi N76.16475 ROE itrd Muitildo System Letb, Redstone Airsional.
and inspectiuir. practicai aspects of thn inspection, cracks arrd Ala
thefr prerformance, exarminetion of honey0com1b StiFUi~ureS. LIQU ID CRYSTAL AND NEUTRON RADIOG RAPHY
radiographic rdetection stnt evaiuation of coirroruror. and radiiation METHOD)S
safety. J.M S Sheiba P. Blrownt /t AGARD Non-Destructive lInspection Practices,

Vol. 1 Oct. 1975 p 449.470 raf (For atvailability, see N743-16468
N76-1S470 Roentgen Technische Diearit N V.. Ffotterdlamr 07-38)

Nondlestructive trust methods using liquid crystals to test
l~oteilinds)composite structures, electronic components. and for dietectionRADIATION SAFETY of cracks in welded areas are described along with the neutron

A. HI. A. M. Roopke lIn AGARD Noii.Oestructive Inspection radiographic method for providing quantitative informration
Practices, Vol. 1 Oct. 1976 p 260.267 rats (For availability rgrigfe oain ie hpadoirtttm.Aeso
isee N76-16458 07-38) eadn lwlctostsae n retto.Aeoo

The biological effects of handling the different radiation application are given. i M.S
Sources arne dtiscussaerd in terms of protection. The charecteristics 7-67 e oc lgtDnaisLi.WiltPlesm

ofradiation Sources aegiven~ along with the maxirmum permissible AFI,647 O ihiceFiho.nmcsLh riltPatr
doses for individuals Otlier topics discussed include- personal AB ho
dosimeters. nionitoring, anti shielding and protection i M S. HOLOGRAPHIC METHODS

0. E. Maddux rit AGARID Non-Destructive lIrspectionr Practices.
Vol. 11 ct. 1975 po 489-470 rafit (For availitbility see N76-18458

N76-16471 Diain aoauiArnatc iiarRm h principal feetures and aspects of the application of
(Itay). Dirsiore Lbortor AeonaticaMiltaie, omeholography as a nondestructive last technique are coinsidered

(IRaly)D. RATO Methods of application examined include surface recording, pulsed
X-A. DroIFaFRiACATIO N n-etutv IspcinP iea laser nondestructive inspection. ultrasonic holograpfhy. correlation
Vol. 1 Oct 1975 p 271,292 refs lFor availability eee methods, and %peckie pattern interlerometry. Holographic.
N76-16456 07-38) recording tnalrmiials are briefly discussedt. J M S

The fundemental concepts of X-ray diffraction are discussed
interms of nondestructive testling of airframe materials to N7111116477# Advisory' Group for Aerospaco Rletearchr and

determine the cause of failure. The method Is used to doetermina Development, Paris lFrancel.
the amount of sustnrilte iii a hardened steel and the residual NONOUISTRUCTIVE INSPECTION PRACTICES,
stress acting orl the surface of a specimen. Other topics discussed VOLUME 2'
include: determination of grain sine by line-width analysis; Enrico Boils, ed. Oct 1975 104 p refs
imimediste evaluation of the metallurgical state of a material; (AGAR D-AG.201 Vol-2; AGAR~ograph.201-Vol-2) Avail NTIS
determination of preferred orientetlon*; the use of electronic hiC $7.60
comfputers In processing X-ray diffraction date; and X-ray Nondestructive testing methods usrid to quarantee the safety
diffraction in relation ito otheri triethoils of structural Investigas of aircraft structures are reviewed. Norndestructive Inspectiurif of
lion. J.M.S. welding, bonded structures, and composite mraterisalisI described

along with measurement of residual stress arid corrosion. Fcr
N7-147 Buses atoalAipot Zvete Belgium). vol. 1. sea N75.18458. rot irdividual titlet. see N76-116478

GAMMAGRAPHV IN AIRLINE MAI NTENANCE truhN6142
M. VarrAverbake lIn AGAIID Non-Destructive Inspection Practices,
Vol. 1 Oct. 1975 p 295-329 rets Illor availability see N76- 16458 N76-16478 Technical Univ. of Denmark, Lyirgby.
007-361 THIN NON.DEITRUCTIVE MEASUREMENT OF RESIDUAL

Gammegraphy a nondestriuctive insviection technique derived STRESSES
from X-ray radiography utilizing a compact source of radioactive F. Rtitval In AGARD Non-Destructive Inspection lProctices, Oci.
material is examined In relation to application in aircraft 1975 p 473.60B raf. iFor availebility see N76-lfi477 07-38)
maintenance. Topics discussed Include- gamma-ray properties. The effect of mean stress err fatigue sirerigrr antI stress
sources, end energy; activity of a gamma-ray source; siource corrosion is discussed briefly Processes by which residual stressms
activity decay, radiation quuentitly; $Pecific radietioni Internsity; are created were studied; these include plastic dieformiationi Ii
gamma-ray absorption, arid compton scattering. Gamniegraphic regions with stress gradients, temrperature gradients, chremical
photography as described in detail along withr equipmernt and expansion or contraction surface niraterial, and niecticiplaiting X-ray
safety rules. Applications int civil Aviation are given1. I.M.S. stress measurement using the film mtethod of the diffracturneteri

ineshix wes Investigated, and comparisons were made between
NIG-16473 Krmutkroomer Branson. Inc.. Stamford, Conn. the two methods. The ultrasonic stress measuring method antI
ULTRASONIC AND ACOUSTIC METHODS the Knoop hardness stress measuring meithod irer considered.
K G Walther Ir AGARD Non-Dest1ructive Inspection Practirree, M 1.5
Viol. 1 Oct. 1975 p 331-385 refs (For availability see N76-18459
07-38) N744-6479 Laboralori Ceontral Fiat, Turin (Italy)

Norndestriictive test methods utilizing ultrasonics and acoustics NDI OF WIELDING
are considered. Wail thickness measurements with ultrasonics G. Fenoglio and G. Magierrali rit AGARD Neir-Dealtritiva
on new material arid meassurement of remaining wall thickness Inspection Practices Oct 1975 p 6075628 Mir availability
in nmaintenance irrspecrtion are described along with ultrasonic see N713-16477 07-38)
Insepectioin methods of forged parts, wrought nmaterial. arid cast Various types of welding techniques are briefly defined. The
parts. Other topicis discussed include Inspection of material weldebility and welding defects of titanium and its alloys. sausrenitic
conirectiorra. testing of brazed and soldered joints, ultrasonic stainless steols, aluminum arid its alloys, and nickel and its alleys

inspection of laminates, ultrasonic Inspection with surface waves, are discussed. Typical welding defects aird their deatectioin by
ultrasonic irrspection with geometrically guided waves; ultrasonic tnondestructive testing aer considered M.J S
inspection of nonmnetallic*. and continuous surveillance of
structural members by means of ultrasonic techniques. J.M.S

N 76-15474 Aeirolel Solid Propulsion Co.- Sacramento. Calif. N75-1S450 Societe Nationrale lIrdustrieali Aunauoaitiale,. Surgeries
DETECTION AND DETERMINATION OF FLAW SIZE BY lFroncel

ACOUSTIC EMISSION NOl OF BONDED STRUCTURES
C. E. Hertbower rit AGARD Non-Destructive Inspection Practices, M Trae In AGARD Non-Destructive Irnspecticon Practices Jair
Vol. I Oct. 1975 p 387-447 refs (For availability see N76-10458 1975 p) 529-577 refs IOur avalability see N76-16477 07-313)
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Advantages of bonded structures are presented along with for different environmental stress conditions is noted. Further
data on bonding adhesives. flaws in bonded structures, and verification of a mathematical low for the rate of appearance of
inspectioni proceseds during product nmanufacture itispection types of Bsytarnatra (pattern) failure is reported. A review of
methods which are discustied in detail Include sonic inspection potential avionic reliability was also given in rolation to the
technique. vacuum c'up inspection. ultrasonic techniques, sonic increased use of microelectronics and the eventual limiting factors
resonance. eddy sonic methods. horlographric rnterlrfiorrriry. were considered. Authoi
thermal methods, and radiographry M JS

N76-111441 Air Fores Materials Lair, Wriuht Patrsorrnrr AF8. M76-24606 Sumriltliil (W T.. Hazelwood. Mo
Ohio. ILLUSORY RELIABILITY GROWTH
NDt OF COMPOSITE MATERIALS W. T. ,Sumorlin Ifr AGARD Avionics Design foi Rellebilit-,,
W. L Shelton /ii AGAIID Non Destructive lirspaCtinir Pralctices Mar. 197t1 4 p rats (For availability see N76,24602 15-38)
Oct 1975 p 579-592 refit iFor ivosiabriity seir N76-16477 The piesent inruaning of reliability growth was identified aird
07-38) iontreetad to earlier concepts Presrint needs to devise effective

The general probiem areas of composite;. thea derfects which means for administuring the later phase of avionic development
may occur Ir rrorrpoertv production arid faibricationr. and thea weit recognized. It is during this development phase that an
nondestructive tosts which are applicable for cititecliori antd abundance of system failures caused by shortcomings of design.
measurement of such defuects are ruivievviod. Methods diacti'sed worknianship, and parts selection, mark more or less completely
briefly Include Visual inIspection. acoustic techniques, sonic the inherent reliblithiiy achievable upon development compietion.
methods, radiaition methods, electrical miethods. elect romagnet ic The mathematical uincertainty of prognosticating a valid schedule
methods, arnd theratil methods. Author for elimination of all pattern failures and achievement of rsquired

reliability on sh, basis of early test experience is exarinred It is
concluded fihat ecceptad mreans inust be used for quantitative
MTBF meesiuremrivit Ilr the iobaerce of pattern failures. and that

N76,16462 Britishr European Airways. Lorndonr (England). quantlitilifvr values for MTB P produced by typical growth
DETECTION AND MEASUREMINT OF CORROSION BY monItorIng 'i presence of an abundance of pattern failures
NDII can be dar'uj~rouhir misleadling. Author
A. Ht. Bond fIn AGARD Nori.Deasructiva Inspection Pracicrual
Oct 1975 p 593-611 Fror availablitly see N76-1t1477 07-38) N76-24606 Bird Engineering-Flsaiitrch Associaties, Inc., Vienna,

Nondestructive tast methods for Inspecting the corroicaon ot Va.
aircraft structures are reviewed. The method which gave the EXPERIENCED IN-FLIGHT AVIONICS MALFUNCTIONS
best results wats the phase sensitive eddy current method; the
desectois are dtescribed iii detail alonrg with their seisction and George T. Bird end G. Ronald Herd in AGARD Avionics Design
testinrg. M J.S for Reliability Mar. 1976 tO p lFor availability see N76-24802

115-38)
N711124602# Advisory Group for Aerorspace Research and The atel!ua of current avionics reliability In the field has been
Developmenint, Paris iFrarnce). evaluated by a study of 98 types of avionics equipment used in
AVIONICS DESIGN FOR RELIABILITY a variety of aircraft during a six-month period in 1970. The

Mar.197 16 p ef.MT8Fs weret analyzed by airctrft type and by equipment
iAGARD-LS.Bhi Avail. NTIS HC $6.75 category (i.e. communication. radar, flight controls, computers,

Pioblems of avionicns reliability were discussed. Typical aet.) to reveal correlations with functional complexity. About 4,000
methods for forcing reliablity itro naw designr arid development in-flight malfunctions from one type of aircraft covering 28 different
and into new procurement requirements wars dnescribed. equipment types ware investigated to show failure modes, reapir
including a discussion of the relationship between life cyrill costs actions, and probable dooigr' causes, Author
as affected by the reliability achieved The trase for Improving
initial dttsignis with more background experience, greeter patience N76-24807 Service Technique (fiet Teiecom imunlcationre do l'Air,
and thoroughness by the deosigner is viewed as perhiaps the Paris (France).
soundest and Ir the lung run the most economicai irluens for FAILURES AFFECTING RELIABILITY OF AVIONIC SYS.
reliability etteirniornt. Case histories lInvolvirng both reliability teeting TEM*
arid rijd reliability achievement are described For inidividuai Ilitirs. J. A. Gamier In AUARD Avionics Design for Reliability Mar.
see N76-24603 through N76-24614. 11976 11 p In FRENCH end ENGLISH JFor avalability see

N70-24002 115-30)
NIG-24603 Bird Engirrrerlno-fHosea rcl Associates. Inc., Vienne. Air automatic system nf technical information set up within
Va. thre French Air Force in coniunnclion with a basic document, tire
AVIONICS RELIABILITY CONTROL DURING DEVELOP. technical action form, was described. and the principle and
MINT LuririifiLns of applicatioir of guaranteed reliability clauses were
George T. Bird arid G Ronlord Hlard /it AGARD Avionics Desigir discussed. Tire objective of this system is to deterrinin, tlire actual

1?for Reliability Mar 1976 11 p refit FPor availability see reliability of a system under operational conditions and to
N76-24602 '15.38) deteai the failures affecting reliability. This is not only indisprensable

II ~A comrparisorn was marder between actuail reliability growth in Inmproving the reliabililty of the equipment considered, but also
observed during recent years anti the Inherent reliability potantial provides information fhat Is easential in developing new genera.
for avionics equipment. A nirethod of control Is presented tions of equipment Tire main results obtained through this systemkIntegrating prediction procedures currtintiV outlined In IMIL.STD. regarding the actual reliability oh equipment end then analysis of
756 and MIL-HDB3K.217 witfh development testing. A normograph the failiures effecting reliabillity were also reviewed. Author
is presented for determirring ifia amount of design support testing
which will be required to achieve a desired ir spnrcified value of
avionrics equipment reliability It Is shown how thee control N6268 GnrlDnmc/otWrh e. Rsacprocedures are used for sepcificaltion, design planniing. testinrg. N0263 GnrlDniic/otWrh e. Rsac
and monitoring high rerliability achievement in avionica tqulp. and Engineering Dept.
nent. Author IMPACT OF RELIABILITY IMPROVEMENT WARRANTY

(RIW) ON AVIONIC RELIABILITY
N76-24604 Royal Radar Itatablishment. Malvernr lEntjland). C. A. Hardy In AGARD Aviolnics Design for Reliability Mar.
RELIABILITY GROWTH MODELLING FOR AVIONICS 1976 12 p refin (For availability see NIS-24602 16-38)
J E. Green fir AGARD Avionics Design for Reliability Mur. Incentives pirovided by the Air Force to contractors of new
1976 12 p refts (Pot availability ste N76-240O2 15-38) systems to design and producrrr electronic equipment with low

The factors which intluence the reliability of avionics were failure raiese and low repair costs In operationai use were described
reviewed, with emphasils on tire developnment phase A irretirod These incentives, which are included in procurement contracts
tor providing progressive estimates of reliability acfriavomnnnrt as reliability improvemerrt warranty IRIWI provisiona. obligate
durirrg the development phase was prresented. Renferernce is made Itie contractor ho accomplish repair and replascement of failed
to the use of computer programs tor these purposes. and for equipment at a fixed price during operationai use of thia equipment
eslmlirnerg costS Tha validity of the Duane Model Is considered by the Air Force. The contractor also quarairtees the mean-time.
againist practical experienrce gained during development of military betweurn-failure of the equipment during the warranty period
avionics. Esplanatiorr% are given for observed deviations In the Tire RIW provisions are projectert to have a sigriflicanrt impact
short arnd long term periods. and thyv need to make adjustments o voi eiblt.Ato
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N76-24606 Sumnerlin [W TIi. Haealwood. Mo. N76-24613 Deutsche Forachungs. und Vairsucheannstait fuer[,
HI1GH RELIABILITY DESIGN TECHNIQUES 11rift. und Raumtfahri. Oborpfatffierhofan (West Germany)
W T Sumerlin In AC3AID Avionics Design for Retiability RELIABILITY TESTING OF ELECTRONIC PARTS
Mar. 1976 7 p ref (For availability see N76-24602 15-38) Walter Schamback In AGARD Avionics Design for Reliability

The genural situattlcir between the following two extremes Mar. 1976 IS pt refs (Fcr availability zee N76-24602 15.38)
in design techniques wasi considered: (1) commonplace tech- A suyvey of the envivroinmental. physical and electrical lasts.
iriques. with the constraints of hntdtng a normal cost ceiling wahichr are necessary to establish the reliability of electronic parts.
and scheduie. to provide higher reliabiitly thin Would Otherwise Iiv given Special emphasis Is Placed on the lasting of saffilconduc.
be expected. anti f2) special arid unusual techniqrcues. with greatly tore. All the tests are described together with the failure they
extended costs arid schedule, to produce nmuch higher reliability, can detect in parts. Within these lthree categories of tests.

nh belv idraul a t tana~aerdbtnerondestiructive arid dlestructive ones aer distinguished. Although
between reliability arid sit cormpurtirng factors such as performance. rielos popular rests are mentitorned. special emphasis is placed
cost. schedule. oet. Inis requires a Ithoroughf uridorstarding of Of' trabls nlot so widely used) yet, such as high stress tests.
the need for Ithe desiiert reliability arid Ithe probabriify of its 8, ouislical particle detection. Itierrmal mapping by means of liquid
attainment under various trades end compromises. It was crystais and the test of Input protectioni circuits of MOIS IC's.
concluded that adherence to the discussed techniques and their The need for visuat Inspection as a means of Improving the
intent will generally lead tu the attainment of optimum reliability quaiity of components Is discussed. Product anaiysis as a means
prior to the need for a quantitative reliability verification test. of evaluation of the paris manufacturero capahliity Is described
&end the question of reliability growth during the development in detail. Author
program becomes academic. Author

N76-246114" National Aeronauticns and Space Admrinistration,
1176-244110 Deutsche Forschungs- und Versuchsaneselt fuor Washington, D.C.
Luft- and Rourvrahrt, Oberpfaffenhoten (West Germanyl. AVIONICS DESIGN FOR RELIASIILITY BIBLIOGRAPH4Y
DESIGN OF ELECTRONIC CIRCUITS AND COMPONENT lei AGARD Avionics Design for Reliability Mar. 1976 12 pa
GE9CIN O.HG RELIABILITY (For availability see N70.24602 118.38)
Walter Schambeck lit AGARD Avionics Design for Reliability A bibliography with abstracts was presented in support of

Mar.197 14 ree Ior aailbilty se N6.2802 B-tS)AGARD lecture series No. 81. The followiing areas were covered
Rules were given for the selection of components for hight (1l program mianagement, 12) design for high reliability, (3i

reliability applicatiorns. Determining) the suitable technology, part selection of components and parts. (4) environment consideration,
deroting faicturs and then the selection or writing of specifications (5) reliable packaging, (5) life cycie cost, end (7) case htistories
for parts procuremtent are described. The necessity of perecep Author
visual inspection and scireening of components as weoll as incoming
inspection by the user for htigh reliability applications is empho-
sited. The use al plastic ICes for HI-MEL applicationse and a new
development in this field is discuesed. The second pert Is concerned

il with the design of reliable circuits. Precautions to be taken
ni against voltage and current overloading and the selection of the

proper supply voltage are described. The use of MRkI and LSI
I" and synchronous operation Is suggested to Ininosrse the reliabil-

ity. Noise immunity and Iits Influence err reliable operation Is
discussed. Finally redundancy versus screening anid the cost of
reliability are conrsidered. Author

N76-24611 General Dynamics/Fort Worth, Tex. Research
if and Engineering Dept.

AVIONIC RELIABILITY AND LIFE-CYCLE-COST PARTNER-
SHIP
C. A. Hardy In AGARD Avionics Design foi Reliability Mar,
1976 14 p (For availability see N76-24602 15-38)

the Inrterface batweern the reliability and lifs-cycle cost of
avionics weapon systems was discussed. The following areas
were Irsead: (1) definition of life~cycle cost, 12) rationale for
promoting the lite-cycie cost concept. Q)1 analysis techniques
used to evaluate the lils-cycle irost, (4) the lIfat.cycls-aosl/ design
to cost raqilirameirts hatm are contained lei present contracts,
anti (I$ the interface between reliability and life-cyciel cost durinp
Propsl.tei definition. and prodctuionhi phasest Author

NIS-24612 Service Techniiqus due 1Telocoinmuricat ions do l'Air.
Paris (Francel.

ii CAGE HISTORY OFl SOME HIGH RELIABILITY DESIGNS
FOR AVIONIC SYSTEMS
J. A. Gamnier and D. Rsneric In AGARD Avionics Design for
Reliability Mar. 197111 23 p In FRENCH and ENGLISH (For
availability seei N76-24aD2 15.38)

Four methods developed to obtain thigh reliability witth avionics
equlipment were dascribsil and illustrated. These niethuds deal
with the followling areas 11 luomponterto. efforts are directed
towards thre achrievemenrt of manufacturing processes loeding to
high reliability devices. (2) reliability predictioin appropriate
calculatiorns are carried out to analyze tire stresses to which
components are submritted end to irnproive circuit design. (3)
reliability arid bunirrrIn teats: their purpose is to reveal early
operation defects, arid systematic failures, as well as to give an
estinmationi of reliability claim to the operational value, and (4)
reliability clauses. guarartleed reliabiiity or contractual maintenance
clauses ensure that the suin in view has beein reached Tiro
%irrir reaults of a study arired at arialyzinri itrs efficiency of

Itee ithods ware theni presenrted, baseod an a costl-reliability
111standpoitnt, lot a particular examrple. Finally, tires essential lestons
lesrnied troint the application of these rnrthods to kitown equipment
warn broughrt out Author



39 STRUCTURAL MECHANICS j
39 STRUCTURAL MECHANICS on atrain to fracture and the effects of temperature end/or strain

rate are Illustrated. The variation In stress state in the vicinityIncludes structural element design and weight analysis, fatigue; of a notch in a thick plate is analyzed Author

end thermal atruss For applications see O Aircraft Design,

Testing and Performance and 18 Spacer.craft Design. Testing N74-23417 Alt Force Flight Dynamics Lab. Wright-Patterson
and Performance. AFB. Ohio.

THE USE OF FRACTURE MECHANICS PRINCIPLES IN THE
DESIGN AND ANALYSIS OF DAMAGE TOLERANT

N74-21549# Advisory Group for Aerospace Research and AIRCRAFT STRUCTURES
Development, Paris (France). Howard A. Wood In AGARD Fracture Mechanics of Aircraft
SURVEY OF ACTIVITIES IN THE FIELD OF LOW CYCLE Structures Jan. 1974 p 10-31 rafs (For availability see
HIGH TEMPERATURE FATIGUE. CRITICAL REPORT N74-23413 14-32)J M Drapler (Centre de Recherch. Met. Liege Belgium) Feb The application of fracture control principles to aircraft design1974 149 p rate Presented at tire 37th Meeting of the It order to produce safer structures is discussed. The mechanical

AGARD Struct. and Moter. Panel, The Hague, 7.12 Oct 1973 and physical properties of the construction materials which are
(AGARD-R,618) Avail: NTIS HC SIO-0 capable of modification to produce the desired strength are

Informition on the activities in low cycle fatigue testing at discussed. The selected of materials for airframes is booed on
high temperature (LCHTF) was gathered during the visit of 38 requirements established through actual failure experience and
laboratories (industry and universities) from 7 NATO countries, service life data. The nature of the requirements and allowances
It covers several facets of the LCHTF problem, namely: materials. In their application are defined. Tables of dats ere provided to
testing equipments and conditions, types of data plots, latest show the inspection requirements for cases of: (1) slow crack
developments In prediction laws for the fatigue behaviour of growth structure, (2) crack arrest etruciure, and (3) fail-safe
materials and design procedures for predicting lives In different structure. Author
engine components. Author

N74.2341S1 George Washington Univ.. Washington, D.C.
N74.23413# Advisory Grouip for Aerospace Research and BASIC CONCEPTS IN FRACTURE MECHANICS
Development, Paris (Franoel. John Eftls, Douglas L Jones, and Harold Liebowltz /It AGARD
FRACTURE MECHANICS OP AIRCRAFT STRUCTURES Fiacture Mechanics of Aircraft Structures Jan. 1974 p 32-73Harold Liebowita, ad. (George Washington Univ.) Jan. 1974 rats (For availability sae N74..23413 14-32)
624 p refs A review of fracture mechanics is presented highlighting the
(AGARO-AG.176; AGARDograph. 176) Avail: NTIS strengths and limitations and establishing dome perspective of
HC $34.25 its relationship to the general fracture process. ,The importance

The proceedings of a conference on the structural analysis of nondestructive inspection as one of several potential safegurads
of airframes and aircraft components are presented. The subjects against failure by fracture is stressed. The subjects discussed
discussed include the following: (1) hiNtory of aircraft loading include: (II macroscopic classification of fracture, (2) linear elastic
and examples of aircraft failure. (2) application of fracture fracture mechanics, r3) fracture toughness In semibrittie fracture,
mechanics principles in the design and analysis of damage tolerant (4) applications of fracture mechanics concepts, and (5) fatigue
airorsft structures, (3) fall safe design procedures, (4) experimental crack growth charaoterlistlcs. Author
techniques for determining fracture toughness. and (5) flaw
detection methods. For individual titles, see N74-23414 through N74.23419 Army Materials and Mechanics Research Center,
N74-23445. Watertown, Mass.

RESISTANCE METHOD
N74.23414 Air Force Flight Dynamics Lab.. Wright.Patterson J. I. B1uhm Itt AGARD Fracture Mechanics of Aircraft Structures
AFB. Ohio, Jan, 1974 p 74-89 refs (For availability see N74-23413 14.32)
SPECTRUM OF LOADING OF AIRCRAFT A method of determining the strength of materials based
Howard A. Wood In AGARD Fracture Mechanics of Aircraft on the resistance to fracture with increasing urock length IsStructures Jan 1974 p 3-7 refs (For availability see N74-23413 described. The criteria for stable crack growth for a variety of

14-32) specimens for both load controlled and/or displacement controlledA summary of airframe service loadings and experience is system nls ir*xpressed by a mathematical model. The various
presented. The areas of concern are: (1) the structural environnient, conditions which can affect the resistance to fracture of a material
(2) the operational environment, 13) the internal airframe are enalyted. Curves are developed to show: (I) schematic
environment, and (4) frequency of occurrence and significance resistance/energy release rate changes In crack length. (2)
of airframe loadings. Diagrams are presented for typical load constant load/constant deflection energy release rote curves for
profile for tactical aircraft on a conventional delivery mission a tension specimen, and (3) constant load/constant deflection
and the flight-profile for a transport aircraft wing toot. Author energy release curves for a bending specimen. Author

N74.23415 Royal Aircraft E.stablishment, Famborough (Eng.
land). N74.23420 Army Materials and Mechanics Research Center,
EXAMPLES OF AIRCRAFT FAILURE Watertown, Mass.
W T. Kirkby In AGARD Fracture Mechanics of Aircraft Structures THE KUHN-HARDRATH METHOD
Jan. 1974 p 8.13 (For availability sea N74-23413 14-32) J i. Bluhm lip AGARD Fracture Mechanics of Aircraft Structures

Examples of structural failure of aircraft components are Jan. 1974 p 89.94 rote (For availability see N74-23413 14-32)
presented to show the importance of structural design end A procedure for determining the residual strength of a
reliability engineering. Photographs of typical aircraft components structural member which contains a damaged area Is discussed
are provided to show the type of failure and the degree of The damage covers tite spectrum from a notch to its degenerate
impairment. The examples include the following: (1) pressure Tad generally most severe configuration, which is a drack. The

cabin skin cracking, (2) lending gear door uplock failure. (3) method starts with an expression for the elastic stress concentra.
rotor blade extrusion cracking, (4) wheel casting failure, and (5) tion and recognizes that the maximum effective stress from a
typical defects in spar booms. Author fracture point of view is not merely the nominal stress multiplied

by a stress concentration factor. Instead. a concept is introduced
N74-23416 Army Materials and Mechanics Research Center, to attempt to account for the microscopic heterogeneity of the
Watertown. Mats material. The theoretical considerations are supported by
FRACTURE REGIMES mathematical models. Curves are developed to show the energy
J. i. Bluhm In AGARD Fracture Mechanics of Aircraft Structures relations for fast and slow crack growth and the relation between
Jan. 1974 p 14-17 refs (For availability see N74-23413 14-32) sheet width and residual strength. Author

An analysis of the effects of ambient conditions on the fracture
characteristics of materials Is presented. A schematic diagram Is N74.23421 Army Materials and Mechanics Remsech Center,
provided to show range of applicable strength approaches. Watertown, Mess.
Stress-strair diagrams are developed of the limit stresses in CRACK PROPAGATION LAWS
notched plates and notched cylinders in tension. The considerations J. I. Bluhm In AGARD Fracture Mechanics of Aircraft Structures
for fracture characteristic%% are exaneilrid with respect to: (1) Jan. 1974 p 95-109 refs (For availability see N74-23413
linear fracture mechsnics, (2) limit design for temperature 14-32)
extremes, and (3) transition approaches based on various structural A numerical analysis of the principles of crack propagation
analysis tests. The affect of superimposed hydrostatic pressure is presented. Mathematical models are developed to show the
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relations between cyclic crack growth rates to various functions N74-23427 National Aerospace Lab, Amsterdam (Nether-
of the instantaneous crack length and the alternating sties,. land*)
The effects of programnied slid random loading on the stability BUILT-UP SHEET STRUCTURES, WINGS
of airfremes are analyzed end mathematical dependence% are H. Viager and David Brook (Technische Hogeschool. Delft.
reported. The influences of geometry and/or structural considera- Netherlands) In AGARD Fracture Mechanics of Aircraft Structures
iorns on structural stability are investigated Author Jan. 1974 p 195-225 refs (For availability see N74-23413

14-32)
N74-23422 Cornell Univ.. Ithaca, N.Y The residual strength of sheet structures under conditions
ENVIRONMENTAL EFFECTS IN FRACTURE of plena stress is discussed, The basic fracture behavior of a
H. H. Johnson In AGARD Fiacture Mechanics of Aircraft stiffened panel is explained. The principles for calculating the
Structures Jan. 1974 p 110-117 refs (For availability see residual strength of aircraft structures are analyzed. Curves are

N74-23413 14-32) developed to ahow the residual strength of stiffened sird
Thy characteristics of environmentol cracking of aircraft unstiffaned panels for various configurations Mathematical models

structures are presented. A test irethod for evaluating the of the factors involved in residual strength calculations are
susecptibility of a structure to environmental cracking is described, provided Author
The application of linear elastic fracture mechanics to predict
and Interpret environmental cracking phenomena when ciack
propagation Is the controlling feature is discussed. Curves are
developed to show (1) e comparison of threshold stress Intensities N74-2342T Douglas Aircraft Co., Inc., Long BeachU CMlif

for three specimen configurations (2) cohitant crack growth rate THE APPLICATION OF FRACTURE MECHANICS IN THE

in a constant stress intensity test, (3) crack growtlh rate versus DEVELOPMENT OF THE DC-10 FUSELAGE

field intensity, and (4) correlation of hydraulic actlvator and surface T. Swift In AGARD Fracture Mechanics of Aircraft Structures

flawed specimen results. Author Jan. 1974 p 226-287 refe (For availability see N74-23413
14-32)

The degree of damage tolerance used in the design of the
DC.1O fuselage pressure shell is discussed with reasons for its

N74.23423 Army Materials and Mechanics Rasearch Center, selection. Analysis methods are presented for the prediction of
Watertown. Mass. the residual strength of damaged. stiffened panels, based on
SUMMARY OF LIMITATIONS the Matrix Force solution of an Idealized structure combined
J. I 8luhm In AGARD Fracture Mechanics of Aircraft Structures with fracture mechanics equations. The affects of attachment
Jan, 1974 p 118.120 refa (For availability see N74.23413 flexibility, which play an Important part in the residual strongth
14-32) of damaged structure, are accounted for. Crack growth retardation

The lmitetlons affecting the applicability of mechanict 1o due to the plastic zone formed on high load cycles and its
the fracture process are discussed. Methods for conducting stress effect on propagation under spectrum loading is diacussed. It is
state analysis are presented to include the following: (1) crack shown that the stress Intensity at the threshuld of slow stable
opening displacement, (2) resistance method, and (3) the growth Is not only a material property but depends almost entirely
Kuhn Hedrath method. A list of factors which influence tlie crack on past load history. A description of the development test program
propagation behavior is developed. Author to vudfy the analytical techniques and to substantiate the faill-safe

strenglh of the fuselage shell is given together with the results
N74.23424 Technlsche Hogitachool. Delft (Netherlandsi). of many of the tests. Author
FAIL-SAFE DESIGN PROCEDURES: BASIC
INFORMATION N74-23429 Royal Aircraft Establishment, Farnborough (Eng-
David Broek /i AGARD Fracture Mechanics of Aircraft Structures land),
Jan. 1974 p 121-166 refs (For availability see N74-23413 HEAVY SECTIONS
14-32) W. T. Kirkby In AGARD Fracture Mechanics of Aircraft Structures

The application of fail-safe concepts to the design of Jan. 1974 p 288-293 refs (For availability see N74.23413
aircraft structures Is discussed. The subjects corrsidered are: (1) 14-32)
plane strain problems In heavy members with surface flaws, (2) Methods for predicting the residual strength of reiatively
plane stress and transitional modes in sheet structures, 13) fatigue thick structures under plane *train conditions are presented. Thu

crack propagation characteristics, and A4) the prediction of crack problems arm discussed in relation to heavy members with surface
propagation. Graphs are developed to show residual strength flaws, corner cracks at holes, and other natural cracks Practical
characteristics in plane stress. Mathematical models are included examples of the application of the procedure are provided.
to support the theoretical considerations Author Mathematical models are included to show the relation of the

various parameters Involved in the structural analysis. Author

N74-23425 Tachniache Hogeschool. Delft (Netherlands).
THE PREDICTION OF CRACK PROPAGATION N74-23430 Aeronautical Systems Dlv., Wright-Patterson AFB.
David Brook In AGARD Fracture Mechanics of Aircraft Structures Ohio.
Jan. 1974 p 167-180 IFor availability see N74-23413 14-32) AEROSPACE PRESSURE VESSELS

The factors which affect the application of fail-safe techniques C. F. Tiffany'Vri AGARD Fracture Mechanics of Aircraft StructuresIn aircraft design aer discussed. The load-time histories and Jan. 1974 'p 294-313 ýqls (For availability see N74-23413flight-load profiles are analyzed on the basls of the following: 14-32)

(1) gust. maneuvers, and taxiing loads were assumed to occur During the development of the many pressure vessels used
as one cycle, 12) the sequence of loads was assumed random in the Apollo Program several serious failures were encountered.
without correlation, and (3) flight profiles may differ from flight in some cases through-the-thicknesa cracks formed and the vessels
to flight, especially with respect to the large cycles and the leaked. In other cases, small surface or embedded flaws grew
number of cycles. Methods for stimalting fatigue crack propagation to critical size prior to growing through the Oihckness of the
are analyzad. The crack propegatinr life for various materials is vessel wall and catastrophic failure. Several of tilr different types
tabulated. Author of pressure veasel failures which have been encountered are

reviewed. A discussion of the important considerations and the
general technical approach being used to prevent failures in the

N74-23426 Technisohe Hogeachool. Delft (Netherlands). future are presented. This encompasses many considerations
BUILT-UP SHEET STRUCTURES ranging from Initial material selection through the final acceptance
David Broek /rr AGARD Fracture Mechanics of Aircraft Structures of individual batches of propellant based on the results of fracture
Jan. 1974 p 181-193 refs lFor availablilty see N74-23413 specimen tests. Examples of static fracture toughness and
14-32) subcritical flaw growth dte., which have been obtained on various

The mechanical properties of built up sheet structures research programs are Included. Cyclic lives, times to failure

under conditions of crack propagation and stress intensity are and flaw growth rates are discussed in the context of linear
discussed. The procedure to ceiculate the stress intensity factor elastic crack tip stress intensity factors. It Is shown how the
of a reinforced panel is illustrated Graphs are developed to proof test Is used to provide assurance of subsequent service
show the fatigue crack growth rate In stiffened panels. The factors life for both thick and thin welled veasels. and test procedures
which affect the accuracy of crack growth prediction are analyzed. sfe recommended which should mininize potential damaging
The effect, of stop holes on the structural Integrity of sliet effects of the test which can occur as a result of flow growth.

structures are reported. Author Author
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N74-23431 National Engineering Lab. East I,,bride (Scot- N74.23436 Industrisenlagen-Betriabsgesealschaft m.b.H
land) Ottobrunn (West Germany).
AN EXAMPLE OF A METHOD FOR PREDICTING FAILURE RELIABILITY OF THE DETECTION OF FLAWS AND or THE
a. H. Hyslam In AGARD Fracture Mechanics of Aircraft DETERMINATION OF FLAW SIZE
Structures Jan 1974 p 314.324 rafs (For availability see Ekkart Knorr In AGARD Fracture Mechanics of Aircraft Structures
N74-23413 14-32) Jan. 1974 p 395.412 rats (For availability see N74.23413

A method is presented for estimating the life to failure of a 14-32)
cylindrical pressure vessel subjected to repeated internal pressure. La.boratory investigations cocearning reliability of criack
Design curves ere obtained by which the fatigue life of such a detection and determination of crack size which represent the
cylinder may be astimated from a knowledge of the transverse state of the art are described. All three are typical applications
unlaxial fatigue limit and fracture roughness properties of the of nondestructive inspection to structural parts of aircaft: (1)
cylinder material, as well as the diameter ratio of the cylinder inspection of flat surfaces with fatigue cracks. using ultrasonic.
and the repeated pressure. Examples are given of the application X-ray, dye penetrant. magnetic particle and eddy current methods,
of the method end close correlation is demonstrated between (21 crack detection below rivet heads with an ultrasonic shear
estimated and actual behaviour Author wave technique, aind (3) crack detection in bore holes of a forged

part using a manual eddy current method. The second and the
third one analyzed for statistical evaluation of probability of

N74-23432 Societe Natlonale Industriells Aerospetiele, Paris success, An evaluation of the conventional NDI-methods
(France). regarding reliability is performed. Author
SERVICE FAILURES AND LABORATORY TESTS
W. Barrols In AGARD Fracture Mechanics of Aircraft Structures N74.23437 Aeritalie, Turin (Italy).
Jan. 1974 p 32h.345 refe (For availability see N74-23413 NONDESTRUCTIVE TESTING (INDT) AND FRACTURE

14.32) MECHANICS
The significant differences between structural analyses Enrico Bolls In AGARD Fracture Mechanics of Aircraft Structures

conducted in the laboratory and those conducted under service Jan. 1974 p 413.417 refs (For availability see N74-23413
conditions are compared Low temperature brittleness and 14.32)
hydrogen ambrittlernit of steel% or@ used as examples. The basic concepts of nondestructive testing (NDT) are
Intergrenular or stress corrosion of aluminum alloys are reviewed reviewed in relationship with fracture mechanics concepts. The
in relation to various causes of service or manufacturing damages. necessity of correlating basic differences between ordinary
The main objectives of structural tests are defined. Curves are destructive mechanical teats and NOT is considered. The use of
developed to show the fractuie toughness of stael shoats as a NOT for assessment of integrity of aircraft components and
function of treatment and test temperature. Photographic samples structures, after fabrication and during service life is discussed.
of specific types of structural failure are included. Author Inherent limitations of NDT and necessity of Interdepartmental

team work are reviewed. General Information on routine and
N74.23433 . Societe Nationale Industrielis Aerospetiale, Paris advanced mptrhods is included, Author
(France).
A SHORT SURVEY ON POSSIBILITIES OF FATIGUE LIFE N74-23436 Aerojet Solid Propulsion Co., Sacramento, Calif.
ASSESSMENT OF AIRCRAFT STRUCTURES BASED ON DETECTION AND DETERMINATION OF FLAW SIZE BY
RANDOM OR PROGRAMMED FATIGUE TESTS ACOUSTIC EMISSION
W. Barrois In AGARD Fracture Mechanics of Aircraft Structures C. E. Hortbower In AGARD Fracture Mechenics of Aircraft
Jan. 1974 p 346-368 rfs flepr. from AGARD Coant. Proc. Structures Jan. 1974 p 419-473 refs (For availability see
No. 118 (For availability see N74-23413 14.32) N74-23413 14-32)

The various physical parameters which ere significant in the Available ;oustic emission Instrumentation systems are so
fatigue behavior of specimens and stuctures are reviewed, sensitive that It Is possible to detect each stage of the failure
Several types of fatigue tests are analyzed to show their process starting with deformation (dislocation pileups), crack
applicability A short survey Is made of present prediction methods propagation and, finally, the onset of instability all in real time.
of structure fatigue life from fatigue tests of components, In the second and third stage of the failure process, It is possible
assemblies, and- structures undergoing constant amplitude by triangulation to locate the source of the signal. In some
loadings. The case of random loadings Is also discussed The applications, the practical limitation for use of acoustic emission
possibility of test acceleration by increasing general loading itensity as a nondestructive Inspection method has been and will continue
Is considered Author to be extraneous noise. However, most noise problems are solved

by the effective use of band-pass filters or special isolation
N74.23434 Technische Hogeechool, Delft (Netherlands). techniques involving computer solutions. The use of acoustlic
OUTLOOK, FUTURE DEVELOPMENTS emission as a nondestructive Inspection technique hae been under
David Brook In AGARD Fracture Mechanics of Aircraft Structures development for over a decade. The technique is based upnn
Jan. 1974 p 367-389 IFor availability see N74.23413 14.32) the elastic energy which is spontaneously released when a material

The factors which Influence tho design of fail-safe systems undergoes plastic deformation and/or cracking. Thus, acoustic
are discussed. It Is stated that many of the shortcomings in emission constitutes a unique nondestructive inspection method
fail-safe design are caused by Insufficient knowledge of fracture in that the material defect when propagating, transmits its own
and fatigue mechanilnm. For successful fail-safe operation, the sljnas, with the sensor acting se the recelver. The material
results of tests should be documented with respect io critical undergoing crack growth both generates and transmits the signal
locations, crack propagation rates, end residual strongth The (acoustic emission) which then can be detected by suitable
procedures for conducting tests which will provide the data Insitrumentation and the source located using seismic tech-
required for faill-safe design are defined, Author niques. Author

N74-23435 In dust rieaniagen. B etriebsgeselischaft m.b.H,
"Ottobrunn (West Germany).
EXPERIMENTAL TECHNIQUES FOR DETERMINING N74-W3439 Motoren- und TurbrnonyUnlon Muenchrn G.mb.H.
FRACTURE TOUGHNESS VALUES (West Germany).

I) Walter Schuetz and Wolfram Oberpaileiter hrl AGARD Fiacture SURFACE DYE PENETRANTS
Mechanics of Aircraft Structures Jan. 1974 p 371-394 reas Wolfgang Hansen In AGARD Fracture Mechanics of Aircraft

(For availability see N74-23413 14-32) Structures Jan. 1974 p 474-484 refs (For availability see
The Standard Method of Test for Plane Sthaln Fracture N74-23413 14-321

Toughness of Metallic Materials and the Standard Method of The detection of surface cracks In metal sheets using a
Sharp Notch Tension Testing of High Strenript Sheet Materials, petnetrant dye technique is discussed, The preparation of the
aredescribeni and eome details which are important for carrying specimen for inspection is described The subjects covered include
out tire test are discussed. A series of nonstandard test methods the following. (1) applicability and limitations of the process. (2)aruutte explained whiscusse. Ari useodiffeeno tt se menthaes. intensifying the sensitltity of the dye, (3) lhe difference between, are explained which mainly use different specimen shapes. red and fluorescent penetrants end 14) qualitlcetion of inspection

Advantasae and disadvantages of these test methods are discussed materials. Author
end comparisons of the test results with results obtained from materials. Author
the ASTM Atandard specimen are made. Also test equipment
for testing fracture toughnmss of weldments, under environmental N74.23440 Motoren- und Turbinen.Union Muenchen G.m.b.H
conditions (low temperature, salt water corrosion) and high strain (West Germany).
rates are described. Author MAGNETIC PARTICLE TESTING
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Eberhard Dickhaut In AGARD Fracture Mechanics of Aircraft N74-23445 Royal Aircraft Establishment, Fornborough tEng-

Structures Jan. 1974 p 486.493 refs (For availability see land)
N74.23413 14.32) STR988 INTENSITY FACTOR SOLUTIONS

Nondestructive tests of ferritic materials using magnetic D P Rooks and D J Cartwright (Southampton Univ In AGARD

particle techniques are described The magnetizing methods are Fracture Mechanics of Aircraft Struclures Jan 1974 p 592-600

discussaed. Illustrations of the various methods are provided. The refs (For availability -as N74.23413 14-32)

procedure for preparing the specimen for testing is reported The titles and references of approximateily 140 configure-

Comments concerning the application and usefulness Of the tions for which stress intensity factors have beer. determined,

process are included. Author are presented. Section 1 gives rhe titles of the various configure-
tions toyether with reference numbers, which ,arm detailed in

N 74-23441 Dorler-System G.mb.H., Friedrichshifsn (West section 2 The solutions are given in graphical form together

n with relevant formulas Author
Germany)

FLAW DETECTION BY MEANS OF HOLOGRAPHIC
INTERFEROMETRY N7S-10467# Advisory Group for Aerospace Research and

Klaus Gruerrewald In AGARD Fracture Mechanics of Aircraft Development. Paris l(rance)

Structures Jan 1974 p 494-502 refs (For availability see LOW CYCLE HIGH TEMPERATURE FATIGUIL

N74-23413 14-32) Aug. 1074 149 p reft In FRENCH and ENGLISH Presented

Nondestructive teats to detect flaws using holographic at the 39th meeting of the Struut, and Moter. Panel. Washington,

Interfarometry techniques are discussed Descriptions of the optical D. C., 21.20 Apr. 1974
measuring principles of holography are provided. The theoretical iAGARO-CP 155) Avail: NTIS HC $5.76
and experimental aspects of holographic interforometty are The operating conditions of aircraft are discussed in terms

axamilned. References ere made with respect to quanttlltive of propulsive efficiency, especially insofar as fatigue and creea
interpretation of Interferograms. The possibililtes of flaw deteotion phenomena affect the performance of engines operating at high
arm Illustrated by some experimental examples. Author and variable temperatures, and under cyclic ltresses. Low cycle

high temperature fatigue studies were conducted to obtain data
related to these questlons. For individual titles, se. N75.104.S0

through N76- 10494.

N74.23442 Royal Aircraft Establiihment. Farnborough (Elng.
land), N75-10458 Societe Nationals d'Etude It de Construction do
AN ANALYSIS OF A TEST FATIGUE FAILURE BY FRACTO- Moteours d'Avietion. Corbell (France).
GRAPHY ANDl FRACTURE MECHANICS PROELEMS OF LOW CYCLE HIGH TEMPERATURE
C. J. Peel In AGARD Fracture Mechanics of Aircraft Structures FATIGUE IN AIRCRAFT JET ENGINES
Jan. 1974 p 503-508 refs (For availability seeu N74-23413 R. Brunetaud and J. Thiary In AGARD Low Cycle High Temp,
14.32) Fatigue Aug. 1974 11 p In FRENCH: ENGLISH summary

The fracture surfaces of two fatigue cracks, that had caused (For availability see N76.10487 01.39)
the failure of in engine Impeller during a fatigue substantiation Low cycle fatigue resistance problems related to aircraft
test. were examined by electron microscopy to find the number engine operating cycles ware examined in terms of the possibility
of fatigue crack growth cycles. This was done by measuring the of using calculation methods In elastic and plastic ranges for
spacinge of fatigue striations on the fracture surface as a function testing the condition of engine parts. Metallurgical aspects of
of crack depth and by subsequent integration of the striation the problem are also briefly considered, Author

spacing versus crack depth expression, The measured striation
spacings waet compared with laboratory crack growth data to
determine the fatigue stress intensity 'ange as a function of N}I.10481S5  National Aeronautics and Space Administration.
crack depth arnd hence the fatigue stress range. The number of Lewis Research Centar, Cleveland, Ohio.

AN OVERVIEW OF HIGH TEMPERIATURE METAL FATIGUE:
crack initiation cyales was then found by comparing the fatigue ASPECTS COVEREO BY THE 1573 INTERNATIONAL
stress range and number of croak growth cycies with further CON C REE AN F ATIGUE
laboratory data and trE- total fatigue life was calculated to horve CONFERENCE ON CREEP AND FATIGUE

been approximately 50,000 cycles. This Identified the fatigue S. 5. Monson (Case Western Reserve Univ.) and G. P. Haliord
loading throathadcausedy theOO filueas Thaving bente the 299 In AGARD Low Cycle High Temp. Fatigue Aug. 1974 47 ploading that h ad caused the failure als having been the 29179 refs (For avalalblity t oo N7 5-)104 87 01-39)

cycles of engine acceleration and deceleration that had beenraeIravibltyscN5047139applied duringinhe tes irt. Ah or eA summary of papers Is presented which covers the following

alpplied during the test. Author broad aspects of high temperature metal fatigue: (1) materiels
development and characterization; (21 environmental factors,

N74-23443 Army Materials and Mechanics Research Center. including air, vacuum, helium, iodine, sodium, and radiation
environments; (3) general fatigue life relationships; (4) crack

Watertown, Mass. growth laws; (5) design code activities; and (6) design and service
TYPICAL PLANE STRAIN FRACTURE TOUGHNESS OF experience. Illustrative tables accompany the summary. A.A.D.
AIRCRAFT MATERIALS
W T Matthews hr AGARD Fracture Mechanics of Aitoraft
Structure Jan 1974 p 509.579 refs (ror availability seo N76-10490 Newcastle-upon-Tyne Univ. (England). Dept. of

N74-23413 14.32= Mechanical Enginaering.

The fracture toughness values of aircraft metals are expressed PRECISION IN LCHTF TESTING

In terms of linear elastic fracture mechlanlcs, The general tebulation E. M. Smith In AGARD Low Cycle High Temp. Fatigue Aug

includnesonlyvaluea meaauredunderplans straitn conditions. These 1974 19 p refs iFor availability see N75.t0467 01-39)

plains strain K sub IC values have beon obtained by the ASTM Feet and accurate temprerature control in low cyile high

E399.72 Standard Method of Test for Pilane Strain Fracture temperature fatigue (LCHTF) testing depends on an accurate

Toughness Testing of Metallic Material or a similar method. This senaltivity to changes in street and temperature levels, oxidation,

data compilation includes materialsi manufactured In the U.S A direction, and rates of loading. Extremities of the possIble test

and Europe. Factors involved in the seloction and interpretation sactrum era described in terms of constitutive tasting and

of the K sub IC values will be discussed in the latter sections component testing An evaluation of thermal and stress fields
of this introduction Author within the specimen geometry, selection of appropriate heating

and cooling methods. and assessment of precision of measurement
under thernial and mechanical transients were all Involved in

N474-23444 Royal Aircrsft Establishmtrent. Farnborough (Eng- ths constitutive behaitor testing. Coupon testing, utilluing precisely

land) controlled thermal bhooks. was used to measure component

FRACTURE TOUGHNESS TEST RESULTS ,'spons to LCHTF conditions Author
W. T. Kirkby In AGARD Fracture Mechanics of Aircraft Structures
Jan 1974 p 580.t91 refs iFor availability sea N?4.23413
14-32)

Fracture toughness test results for various metal alloys and N7.-10491 National Gas Turbine Establishment, Pyeatook
uompoundo are tabulated Oato for titanium alloys. stells, arid (England). Materials Science Dept.
aluminum alloys have been collated. The composition of tIre THE EFFECT OF CYCLE PARAMETERS ON HIGH TIMPIRA.

alloys, their form. and the fracture plane orientation of the fracture TURN LOW CYCLE rATIGUE
heat treatments are included. The results have been obtained High Temp. Fatigue Aug. 1974 15 p rafs (ForavailabilityrHse

from room temperature tests. Author N75-10487 01-39)
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The types of information required by engine designers in L. Berke and N. S. Khot In AGARD Structural Optimization
t.e area of high temperature law cycle fatigue engine parameters Sep 1974 29 p refs (For aveaiebility see N75-12357 03-39)
are summarized, particularly concerning temperature effects, The development of finite element techniques enabled the
frenuency and hold-time effects, and the effects of strain cycling structural engineer to analyze to analyze the extremely complex
end stress cycling the choice of tasting method is dependent structural systems typical of modern aerospace vehicles. The
on the type of analysis employed when making use of the date trend now is towards automated design methods. In the case
and the various ponsible approaches are compared. It is suggested of large structurat systems. optimality criteria me'thodes now in
that in high temperature situations there is often advantage in an advanced stage of development, appear to be the most practical
regardinrg fatigue as a creep-dominated proceas Some gaps in for the problem of automated sizing. A brief historical review of
the present state of knowledge are indicated Author optimality criteria methods is given The general optimality criteria

of equal cost of improvement for every active design variable Is
N75-10492 Rensselaer Polytechnic Inst . Troy. N.Y. Mechanics derived. The problem of multiple active constraints Is discussed
Div and solution alternatives are pointed out. As special cases,
MULTIAXIAL FATIGUE. PRESENTAND FUTURE METHODS optimality criteria for generalized deflection constraints, general
OF CORRELATION Instability and dynamic respontie are derived and examples
Erhard Krempl In AGARD Low Cycle High Temp Fatigue given. Author
Aug. 1974 13 p ref. (For availability see N75-10487 01-39)

Multiaxial fatigue fracture criteria are viewed as surfaces In N75-123690 California Unlv.. Los Angeles.
stress (strain) space which can exhibit isotropy or anisotropy. A SOME APPROXIMATION CONCEPTS FOR STRUCTURAL
quadratic form of the proposed equation includes the von Misas. SYNTHESIS
the Sines end the G-iugh criteria. It is shown how this criterion L. A. Schmit, Jr. and S, Farahl in AGARD Structural Optimization
con be fitted to lo%-cycle fatigue data, and specific methods Sep 1974 8 p rmfs Reapr. from AIAA J.. v. 12. no. 5. May
are suggested for the experimental determination of these 1974 p 892.699 Presented at the AIAA/ASME/SAE 14th
constants The ..'iterlon exhibits a linear mean stress (straini Struct, Structural Oyn., and Mater. Conf., Williamsburg. Vs.,
effect and the tenoion-torsion ratio must be less tha" two. Tests 20.22 Mar. 1973 (For availability see N75-12367 03-391
necessary for the determination of the orthotroplc constants are (Grant NGR-05-007.337)
outlined. A possible extension to variable amplitude loading is (NASA-CR.140937, Paper-73-341) CSCL 13M
suggested Author An efficient automated minimum weight design procedure

is presented which is applicable to sizing structural systems that
N75.10493 Connecticut Univ., Storra. Dept. of Metallurgy. can be idealized by truss, shear panel, and constant strain triangles.
LIFETIME PREDICTION METHODS FOR ELEVATED TEM- Static stress and displacement constraints under alternative
PERATURE FATIGUE loading cunditions are considered. The optimization algorithm is
A. J. McEvily and S. A. Crosby 'n AGARD Low Cycle High an adaptation of tias method of inscribed hypersphores and high
Temp. Fatigue Aug. 1974 18 o refs (For availability see efficiency Is achieved by using several approximation concepts
N75-10487 01-39) including temporary deletion of noncritical constraints, deslgn

Methods for lifetime prediction at elevated temperatures can variable linking, end Taylor aeries expansions for response variables
be categorized as either: (1) parametric; (2) damage summation; in terms of design variables. Optimum designs for several planar
M31 streinrange partitioning; or (4) frequency modification. The and space truss examples problems are presented. The esults
capabilities and limitations of these various approaches are reported support the contentiot that the innovative use of
discussed, and the problem of extrapolation beyond laboratory approximation concepts in structural synthesis can produce
experience is considered. Author significant improvements !n efficiency. Author

N75-10494 Pratt and Whitney Aircraft, Middletown. Conn.
MaterialS Enpineering and Research Lab
ODESIGN PROCEDURES FOR ELEVATED TEMPERATURE N75.12360 Liverpool Univ. (England).
LOW-CYCLE FATIGUE THE USE OF GEOMETRIC PROGRAMMING METHODS FOR
C. H. Wells In AGARD Low Cycle High Temp. Fatigue Aug. STRUCTURAL OPTIMIZATION
1974 17 p refs (For availability see N75-10487 01-391 Andrew B. Templemazn In AGARD Structuial Optimization Sep.

The state of the art review of component design againit 1974 17 p refs (For availability see N75-12357 03.39)
low-cycle fatigue failure at elevated temperature, covers the areas Structural design problems may be clsaslifed into two types.
of failure criteria, nondestructive inspection, constitutive behavior. (1) the detailed design of components and 12) the design of
prediction of crack initiation and propagation lifetime. applicebil- assemblages of ideallsed componenits. The psa.)er demonstrates
ity of linear elastic fracture mechanics, and structural verification, that geometric programming Is suitable for a wide range Mf
Special problems posed by gas turbine applications are discussed, optimum design problems in both these olasses. The msthematrcs
along with major gaps in understanding and techniques. Chief of the geonmetric programming method is explaired with the aid
arrr.,ng these are the nondestructive characterization of surfaces of a simple exrnmpie and a computer program for large problems
and internal flows. definition of the limitations of fracture is described. i• is shown that component design characteristically
mech!nics in the regime of intergranular cracking, the prediction gives rise to the type of functions best suited to geometric
of mean stress and cyclic creep, and the experimental verification prograirining. Examples are presented of the iers of Lixuoiltric
of analytical procidures at high tempersture. Author programming for the optimum design of several kirnds of structural

components. The design of arr integrally stiffened compression
pairoi ia examined in more detail. The paper demonstratas that

N75.12357# Advisory Group for Aerospace Research and geometric programming can also be used for the optimum dueign
Development, Paris (France). of complete ideallsed assemblages of components. Examples are
STRUCTURAL OPTIMIZATION given of the minimum weight design ot truamus. Author

Sap. 1974 94 p rats I.ecture series presented at Hampton,
Va.. 10-11 Oct. 1974, Dueaseldorf, 14-15 Oct. 1974, and London, N76-12361* National Asronautics and Space Adinistration.
11.18 Oct. 1974 Langley Research Center, Langley Station. Vs.
(AGARD.LS-70) Avail: NTIS HC $4.75 SIZING OF COMPLEX STRUCTURE BY THE INTEGRATION

A series of reports are presented to inform structural design OF SEVERAL DIFFERENT OPTIMAL DESIGN ALGOH-
engineers on the latest developments in partlical design optimize- ITHMS
tion methods. Emphasis is placed on the applications and use Jaroslaw Sobieseccanski 1,, AGARD Structural Optilnlrutlon
of these methods in practical design organizations. The subjects Sep. 1974 19 p refs (Fur availability see N7E- 12367 03-39)
considered include the following: (1) use of optimality criteria IL-9738)
methods for large scale sy.ttems, (2) approximation concepts for Practical design of largo-scaie structures ca hoe acconmplished
structural synthesis. (3) geometric programming methods for with the aid of the digital compruter by bringing together in Ono
structural optimization. and (14 sizing of complex structure by computer program algorithms of nonlinear mathematical
the integration of several different optimal design algorithms. programing arid optimality criteria with weight-strength ard oither
For individual titles, see N75-12358 through N75-12362. so-called engineering methods Applicallona of this approach to

aviation structures are discussed with & detailed descript-un of
N75 12358 Air Force Flight Dynamics Lab., Wright-Patterson how the total problenm of structural sizing cart be brokori crowi
APB. Ohio. into subproblems for best utilization of each algorithm and for
UiE OF OPTIMALITY CRITERIA METHODS FOR LARGE efficient organization of the prograrm into iterative loops Typuical

SCALE SYSTEMS results ant examined for a number of examples, Author
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N75.12302 Boll Aerosystems Co. Buffalo. NYV Structural nl w Dirvidge In AGARD Mach. Property Testing of High
Systems Dept. Tamp Meatl D~ec. 1975 p 1-9 refs (For availability see

'fr A DISCRETIZED PROGRAM FOR THE OPTIMAL DESIGN N713 161492 07 39)
OF COMPLEX STRUCTURES Deovopehipici iii mufirrstarrrirrg thre mechanical proportion
Jsaes R Bett and Ronald A. Gellatty In AGARD Structural of cirruimic front 11 rrrTarral5 science viewpoint, and in the 1
Optimlarrlon Sep. 1974 15 p rats (For availability sea (lun'Ierationi of deil(In dataa for ceramics of direct applicability to
N75.123hl 03-39) wrriginuerlnll applicatiouir arec rlrrusqed General rae to mieridatIions

More economical and more flexible procedures for structural lto frirtiur nriseaerll ale made Author
optrimizationi of targe rscale systerms have boen souight. A newJ
approach to determine the mirnimurri weight of such syatenms N76* 16494 lrrrvrirrlmrrBrreitrsls~e r.1b H .
has been developed. is diacrete in nature, and is labluld fith lltrnliiiriii (Wirist Giramniniv
si'.ve-search technique Arl cessential elemetrt of thre techniqiue I% CALCULATION OF STRESS AND STRAIN DISTRIBUTION
the rise iif data brinks which conrtoii rinirinunir weright errili AT CRITICAL LOCATIONS. TAKING INTO A CCOU NT
49anoi-atrtl ýjeornret y of miuuraicti i coipwrriJO'Curs Thes brt ulks iii PLASTICITY AND CREEP
'Jurierated using classical methodni of optimitation. An additional trierglon Mussrninnn fit AGARD Mach. Proprirty lasting of High
facet of the techinique Is ft"n usea of arrnplilaisr etnuinsetiinl analyals 1rriiip Motor Dnc 1975 p) 10-29 (For availability acre N7S. 16492
methods during the recelign phase of this optimizxation cycle. 07.391
Herein lies the lifflflency of the sieve-search technique. The method Thne fintie alunirent trrathcrd was applied to a particular
was successfully applied to the design of an extensive class of rmliiclurrrl anrilyxis problemi tire calculation of the stresa and
surface effect vehicles and Is shown through application to the vtrarir durfiilrh10n tir 51Critical locations, which occurs In life time
designofi Ithermral protective systems and associated whIp pirrarlrion Sorte of ltne types of elements currently available,
substructure Author tire airlucliorn of economical melemnents. and lire reqitared accuracy

tit the COalorlteuf inults are discusseid- The calculated stress
N76.18623# Advisory Group for Asrospace Research and crnrrrerif ratloll factor of a specimnern containing e hole is presented
Development. Paris lFrance). fiji lintrar Suit riorlltrea miaterials anti differeint types of yield
ACOUSTIC FATIGUE DESIGN DATA, PART 4 criteria urni briefly discruaed. The usa of tilie Nauber and the
A. G A. Thomson IESDU) and Rt. F. Lambert IESOUI Janl Iaintrathindani Ohioan Tlneurios to determine the stress and strain
1975 48 p refs iononurtiratiori factiri for nonlinear material behavior Is examined,
iAGARD.AG-162-Pt-4; AGAR~ograph-1162PI-4) Avail: NTIS ririr a campivirrbon of ithe results of theset dlltftent theories and
HC S3.76 the Finite Element Methrod is given The linfluencne of plasticity

Acoustic fatigue test procedures. methods of calculation, and aind cretous a rlso considered sitd the stress and strain concentra.
results for various structural elernenta are presented. Tihe methods tron factoi Is iliown as at fuinctinoi of creep litte. Author
of calculation given are- 111 a method to determine the natural
frequencies of initially unstressed box structures that are N76. 1947 I # Advisory Group for Aerospace Research and

rectangular In section: (2) a method of estimating the R.M S Development. Paris (France).

acoustic loading; and (3) a method of estimating the sound ANCE OF STRUCTURES
pressure levels within the Intake duct of a supersonic fan or Jan 1976 202 p rats IIn ENGLISH and FRENCH Paper

ILcompressor due to buzz saw noise. Author prirsattrid at 4) t Meeting of tihe Struct and Meter. Panrel, Ankara.
28 Sep - 3 Oct 1975

ýrN76-11454# Advisory Group for Aerospace Research and IAGAFID CP 186. ISBN .92-835-0154-3) Avail- NTIS
Development, Paris (France). HC $7 7B
STRUCTURAL RESPONSE TO IMPACT DAMAGE Armoing ftre subje~cts covered in this exploratory conference

itJuergen Massmeann Sep. 1975 21 p ware blraut effects, tire type of damage produced by drifferent
IAGARD-R-633) Avail: NTIS HC $3.50 1orojectilirs. Ilire failure characteristics of the structure under load

The complex problem of designing an aircraft structure In a arid its residual strengthn and lil after damage; the relationship
manner to minimize Its vulnerability to the impact damage of bierwieen rpread of damage, materials used. and detail design
projectiles has slways been a msjor concern of aircraft builders. featuris, the degree of projectile pernetration end the reeleod
A description of the vulnerability assessment of aircraft structures hydlraulic rant effect rir fuel tanks, and distributiorn of size. velocity
to projectile threats, including high explosive munitions is end directiorn of enrgine debris fragmnerts and their fftect on
presented. The major elements of a structural vulnerability structure. The relationship to improved aircraft damage fols'ance
assessment are discussed, Including developmrent of a dlamsrja of such factors as the use rrf armor and deflectfors. ftre
model, and strength model. Considerable experimental verifies. employment of riodified engine design jto cause blade failure
tion Is included. Author to be moer likely lhan disc failure; and to conrrin a large ptortioni

of tire resultanif dslerrrs. the affect iverness of arnalysis of damaged
N76 649# Avisoy Oniri forAeroirucir tirsiriili untstructures, and the utilization of nmethouds of improveentirf of

Development. Paris (Franco)i overall aircraft layout eras also considered For individual litles.
MECHANICAL PROPERTY TESTING OF HIGH TEMPERA- se N76-19472 through N76t19487
TURE MATERIALS
R W Devidge and J Massrnianr Doc 1975 34 1u irfc
iAGARO-R-634) Avail NTIS HG $4 00 N76-19472 Boeing Aerospace Co. Seattle, W~ash Research

The Strurcturesi end Materirrlr Penn) rncrnitly rInitiatedi a niow atnd Engineerring Div
activity dealing with the fieldl of high teinpearuturre inratrnruilij Srilvoaml STRUCTURAL INTEGRITY REQUIREMENTS FOR PRO-
exploratory papers were heard croveringi varoios aspricts of this JECTILE IMPACT DAMAGE; AN OVERVIEW

fIeld, io aid in determiniing thre rleained diroction of tire raw J. G Avery, T P. Porter, and P W Lauzza jAFFDLI In AGARO
atvt.wootespaeswrciriritprirlrySpecialists Meeting Oil Impact Damnage Tolerance of Struc. Jan

noteworthy The first deals with thre merchanrical properitiesr aridl 1976 30 p rats (For availabirlity sea N76. (9471 10 39)
design dala of ceranmic comrponents for imogirneiring applicatiorns Aircraft can be exposed to prolectil im'ropacts from severel
Materials science consideratioins are empinawiind wirtr britil sources, including military weapons. hailstaries. pebbles, and debris
reference being made to tire engineering aspect% Artias relimririil from engine failures In spite of the importince ofit fe projectile

I, further development sira also coveredl The siicunripllonre damage threat to nmany types of aircraft, this category of darmagje
dealing with stress arid strain calculatiorri. sirows ther aplilicatmnurr is addressed iii only a limited degree by existirng design guidelineis
of the finite elemeint method to a Strurcrrirai analvsis arrl Mofuirnei 3nd specifications. there is a growinrg body of research reuirlts
prediction piobiern, and includas thre crulCUilrroir Of 511ur11 arnd becominrg available. aind attenirtion is berirg directed toward risiking
slirinir distribut ion at critical locatlions. Stress concentration factors this rinformationi usable to deargnires The Prirly means of dloirng

ini srrrinriuirr of Irirntr aund noninnai nir ateriril. dliffetrent types of this is to integralte projectile damnags toleraince coirside rations
yrnrrh citrinri iso of Neritrer arid fire liarrratlr and Ohrnan ilneoriss within the existing structural design proceas. A designr metlnodol-
aroexiraminred arri results are compared with the finite element ogy for projectile diamage tolerance and some of the research
nirerlirr Pirirriclt and creep rirflruences are considlered For results available for implementing the methodology are burn

rirdw~imiirl titlrs. see N76-113493 through N76-16494. maniznrd Author

N76-16493 Atomnic Energy Reseairch Estalaiishmrent, Harwell N75. 19473 Inilustrieanlageri-Betrietrsgesellsclnatt InI n H.
lEirglarill Materials Development Div Ottobrunn IWest Germnary)
THE MECHANICAL PROPERTIES AND DESIGN DATA FOR STRUCTURAL ANALYSIS OF IMPACT DAMAGE ON

ENGINEERING CERAMICS WINGS
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Juergen Massmann fn AGARD Specialists Meeting on Impact simulated mnaxmuum flight load show that both skn arid the
Damage Tolerance of Struc. Jan 1975 27 p refa (For availabilhty skin stiffening system are important in the danurll tolerance ofDamage Tolerance o0.f othese structures Damage tolerance of these structures is

A recently-developed structural strength model is dosciitbed, proportional to the section modulus of the undamaged section

and the functions and characteristics of a damage model are and inversely proportional to the amount of skin inamovud from

exemilned. A shock wave model and how it analytically determines the structure by the damaging agent It is also demonstrated

the dynamic response of a pressurized flat plate is also presented that large increases in damage tolerance can be achieved by

Teat and finite elemenrt results are compared with mrodel-predicted incteasing longitudinal stiffnves Author

results iii order to determine nodal credibility. The pressures
resulling froai the detonation of ammunition are discussed. and N79.19478 Rolls-Royce Ltd., Derby lEngland) Engine Div
the contributions of each of the pressure components to the DEFINITION OF ENGINE DEBRIS AND SOME PROPOSALS
entire response are illustrated Some ardvantages of art advanced FOR REDUCING POTENTIAL DAMAGE TO AIRCRAFT
fragment modal are mentioned. arid the results from such a STRUCTURE
model are compared with appropriate test data. Applications of 0 McCarthy In AGARD Speciiltits Meeting on Ipract Damage

the different darmiage submodrcls with respect to a horneycoimib Tularen:e of Stliuc Jan 1976 10 i) (For availatility see
structure are shown Author N76 19471 10.39)

Front air analysis of a large sample of pest noncontained

N7?.19474 Naval Weapons Center. China Lake. Calif engine failures in commercial service,. parameters were established
FLUID DYNAMIC ANALYSIS OF HYDRAULIC RAM for any given engine Protection of sensillVa, parts of an aircraftt

Eric A. Lundatrom and Wellsca K Fang rlp AGARD Specialists beyond that Impticit in tire aircraft/engine layout could bes provided

Meeting on Impact Damage Tolerance of Struc Jan 1976 by recently developed deflectu, .rstaimns capable of deflecting
10 p refs (For availability see N76-19471 10-39) high energy fragments in o harmless drelctilon Author

A model was developed for predicting fluid pressure fields
generated by tumbling military ammunition. Derivation of the N78.19479 Societe Nationals Induntiotle Aerospatiale. Toulouse

model Is described, end comparison with experimental data is lFrance)
shown Agreement of the model was quite good with shots PROBABILITY OF PERFORATION OF AIRCRAFT STRUC.
fired Into a test cell with 0-degree obliquity Significant deviation TURES BY ENGINE FRAGMENTS [PROBABILITE DE
of the model from experimant was obtained with 30- and PERFORATION D'UNE STRUCTURE D-AVION PAR DEB
45-degree obliquity shots Author DEBRIS DE MOTEURSI

Michel Huret In AGARD Specialists Meeting on Impact Damnage

N76-19475 Avions Marcel Dasasult-Breguet Aviation, Saint- lularance of Struc Jan. 1976 12 p In FRENCH (For availability
Cloud (France]. see N76.19471 10.39)
STUDY OF CERTAIN IMPACT PROBLEMS ON AIRCRAFT An analytical approach was preisented by which the probability

STRUCTURES [CALCUL DE QUELOUES PROBLEMES of perforation of aircraft structures by engine fragirents may be
D'IMPACT SUR DES STRUCTURES AERONAUTIQUES] determined. given a spacific Iragment lelctiorm model provided
C Patiau In AGARD Specialists Meeting on Impact Damage by engine designers Simplifying. realistic assiimptlons ware made
Tolerance of Struc. Jan. 197B 14 p In FRENCH (For availability to keep the implementation practical. A mathematical model was
see N76-19471 10-39) derived, taking Into account the geomrntry of the situation, the

After reviewing some of the finite elements, meatode used energy of the fragment and that of the target, and the contact
for calculating impacts and transitory responses, the possibilities relationship between the fragment and the target.
of application In the followirng cases are examined: (1) response Tranal by YJ.A
of structure upon impact of a projectile on an armor-plate, (2)
response of structures to forces due to explosion blast, and (31 N7E-19480 British Aircraft Corp. (Operating) Ltd, Bristol
calculation of hard landings, catapulting aird laxiing. Practical (England). Commercial Aircraft Div
calculation of the residual strength of locally damaged structures STRUCTURAL EFFECTS OF ENGINE SURST NON CON.
is also considered. Author TAINMENT

T. W. Coombe and D. F. Vowles In AGARD SpecIalists Meeting

N76.19476 IndListrleanlagenr-Bestriebsgasellsc haft nr.hH., on Impact Damage Tolerance of Struc. Jan. 1976 10 p rats

Ottobrunn (West Germany) (For availability ase N76-19471 10-39)

COMPUTER METHOD FOR AIRCRAFT VULNERABILITY The rmquirements and the specified acceptable levels of risk

ANALYSIS AND THE INFLUENCE OF STRUCTURAL are outi ned, as applied to a large subsonic transport aircraft

DAMAGE ON TOTAL VULNERABILITY The resultant damage forms are disci aied and some test details

Dieter Kardels Ii AGARD Specialists Meeting on Impact Damage given to illustrate the problems F'tamplas of engine fragment

Tolerance of Struc Jar, 1976 21 p refs (For availability see damage potentials are given with rtn empirically based equation

N76-19471 10.39) relating fragment energy to target resistance for light alloy.

Methodology consists of two bpslc coiriPLtter models, tile titanium, and steel targets Two types of design solution are

Rocallad ammunition and target irrdlel. These models art so discussed as applied to a large subsonic let transport Author

constructed that theii evaluatloir of ainmunitlOn typos sUChA as
AP. API. HEI with both impict and proxinity futes. arid N76-19481 Navel Air Propulsion Test Center. Trenton, NJ

fiaigrienting warfresads is possible. as is, a detailed vilnerability STUDIES OF ENGINE ROTOR FRAGMENT IMPACT ON

assessment of a particular aircraft. Various submodels interact PROTECTIVE STRUCTURE

in order to show the different types of possible outputs. A G. J Mangano In AGARD Specialisls Meeting on Impact

special enmphasis Is given to the influence of structural damage Damage Tolerance of Struc Jan. 1976 24 p rats (For availability

and aerodynamic capabilities on total aircraft vulnerability Some see N76-19471 10-39)

test data and nodal prediution results are also graphically Data compilationa on aircraft gas turbine engine rotor failures

presernted Author that occuried In U.S. commercial aviation In 1973: the results
of exploratory end systematic experimentation conducted to

N70,19477 Billistic Reseiarch Labs.. Abrdeurn Proving Ground, provide design guidelines for turbine rotor burst fragmentN7- 7 Bcontainment: and an overview of the analytical effort directed
Md.
DAMAGE TOLERANCE OF SEMIMONOCOGUE AIRCRAFT toward rotor fragment containment are presented Author

Donald F Haiskell Ii AGARD Specialists Meeting on Impact
Damage Tolerance of Strut: Jan. 1976 12 p retf (Fo availability N7S.19482 Societe Nationals d'Etude at do Construction de

see N76-19471 10-391 Mctsera d'Aviatlon. Corbetl (France).
Tire simple theoretical method which was developed may BEHAVIOR OF ENGINE CASES ASSOCIATED WITH BLADE

be used to predict deformation, strain, arid fracture of aircraft RUPTURES ITENUE DES CARTERS MOTEURS 1OR1 DES

skin subjected to blast attack Test results and predictirns of RUPTURES D'AUSESI

the theory compepre favorably Tire method is used to analytically J Thiery li AGARD Specialists Meeting on Impact Damage
dfelhleate tile factors that significantly affect skin damnera tolerance Tolerance of Struc. Jan. 1976 10 p In FRENCH (For availability

For tIr conditions studied, these factors, in decreasirg order of see N76-19471 10-39)
influence. are standoff distance. plinel width, skin thickness, The way in wlhch a, ruptured blade impacts an engine caso

aspect ratio, skin ultimate strength. rivet spacing, and rivet hole was snalyzed. A simple test bench, which projects bullets at a

diamneter to skin thickness ratio Test results of two types of variable speed on a small target representative. is described

sernimonocoquu helicoptur tail boonis damaged by bare explosive Tests on various materials such as aluminum, titanium. iron.

'r charges and small-caliber, high-explosive prolectiles while tindem nickel, and cobalt base alloys in wrought or cast form wore
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conducted at room as well as at elevated temperatures This on the Wheastone bridge circuit. w•ich is the predominant
test is also able to show the influence of the stiffness. thick- measuring circuit for strain gauge measurements The following
ness. and mass of the target. Author aspects were elaboraterd (t) current arid voltage distribution.

(2) choice of the supply voltage with respect to power dissipation.
N7S.19487# Advisory Group for Aerospace Research and 131 choice of tile output signal conditioning equipment. (4)
Development. Paris (France) power dissipation it the bridge resistors. (51 behavior of the
THE DEVELOPMENT OF FATIGUE/CRACK GROWTH Wheastone bridge in unbalanced conditions, arid (8) bridge
ANALYSIS LOADING SPECTRA balancing and compernsation YJA
J. E. Holpp (Aaron. Systems Div. Wrightt.Patterson AFB Ohio)
and M A. Landy (Aaron Systems Div. Wiight.Patterson AFB. N76-25584 Advisory Group for Aerospacn Research and
Ohio) Jan. 1976 36 p refs Development. Paris (France)
IAGARD.R-640: ISBN-92-835-1202-21 Aveil NTIS ERROR ESTIMATION FOR STRAIN GAUGES WITH
HC $4 00 METALLIC MEASURING GRIDS

A derucri|troni is given af the processes involved nii thul /1 its Strain Gauge Meas on Aircraft. Vol 7 Apr. 1978 p 29.33
development of realistic loading spectra for aircraft iitil-lctLirei lFor availabillty see N76-25580 16-39)
These processes are presented in tire order in which they would The various factors that must be considered in error estimation
normally be implemented. accompanied by an example that Is for strain gauges with metallic measuring grids were dIscussed
representative of loading spectra developed for fighter aircraft These Include: sIt resistance tolerances. g2i gauge fctoer
The example is Included for Illustrative purposes only. Citeria tolerances ard transverse strain sensitivity, (3) error caused by
are suggested that will help the designer choose the most hysteresis and non-llnearity, (4) maximum Btatic elasticity of strain
appropriate methods consistent with his situation. Author gauges, 15) creep effects, (81 temperature coefficient, I7) fatigue

N76.25580# Advisory Group for Aerospace Research and strength, (8) thickness of the adhesive layer, (1) angular errors
Development. Paris (France) during application of the strain gauge. (101 stiffening effect due
STRAIN GAUGE MEASUREMENTS ON AIRCRAFT, to bonding. (11) Insulation resistance effect, and (112) averaging
VOLUME 7 AGARD Flight Test Instrumentation Series effect of the strain gauge over the entire measuring grid area.
E. Kottkarnp (VFW.Fokker Test Labs.). H. Wilhelm [VFW.Fokker Estimates of the total error are given Y.J.A.
Test Labs.), and D Kohtl (VFW-Fokker Test Labs.) Apr 1976
147 p refs N76-25585 Advisory Group for Aerospace Research arid
(AGARD.AG-.180.Vol.7. ISBNN92.835.1216541 Copyright. Development, Paris (Fratnce).

Avail NTIS HC $6.00 TYPES OF STRAIN GAUGES
Various subjects related to the application of strain gauges In Its Strain Gauge Mse,. on Aircraft, Vol. 7 Apr. 1976 I, 33-37

to sirtraft structures were presented These include: ill (For availability see N78.25580 18.39)
Introductory discussion. (2) physical properties of strain gauges. The various types of strain gauges were classified and
(3) measurement of resistance changes In strain guages, (41 described. The several hundred different strain gauge configure.
error estimatinn for strain gauges with matnillic measuring grids. tions were assigned to one of the following basic types: (1l
(5) types of strain guages. (6) applications of strain gauges for wire-grid strain gauges. (2) fiat.coil gauges, (3) cross-bridge
static and dynamic short and long term measurements under gauges (4) metal-foil guageas. and (6) strain gauges with metal
normal conditions, (7) strain gouges for special applications, (81) supporting materials. The following supporting materials, their
use of attain gauges under extreme environmental conditions, configuration, and properties wetr also discussed: paper, eposy
191 instrumentation of two VAK 191 B aircraft with flight load or phenolic resin, polyrmidefoil, glass.fiber reinforced material,
measuring systems For individual titles. see N76.25581 through cellulose and metal foil (for large strains). Typical properties of
N76.25589 some strain gauge groups were given. The new technology of

vapor-depositing strain gauges was briefly mentioned. Y.J.A.
N76.26561 Advisory Group for Aerospace Research and
Development. Paris (France] N76.25585 Advisory Group for Aerospace Research and
STRAIN GAUGE MEASUREMENTS ON AIRCRAFT INTRO- Development. Paris (France),
DUCTION APPLICATION OF STRAIN GAUGES TO STATIC AND
In Its Strain Gauge Maao orn Aircraft, Vol 7 Api. 1976 p 1.4 DYNAMIC SHORT AND LONG TERM MEASUREMENTS
(For availability see N76-25580 16.391 UNDER NORMAL CONDITIONS

A comprehensive description of tile different aspects of strain In its Strain Gauge Mean. on Aircraft. Vol. 7 Apr. 1976 p 37.46
end load measurements on aircraft was giveni. After discussion (For availability see N76-25580 16-391
of possible errors, the various types of strain gauges and adhesives The following factors that must be considered in the
ore described Practical advice is given on their application. upplication of strain gauges to static and dynamic short and
including a dlscusslion on special cases. This is followed by a long term measurements under normal conditions were discussed:
consideration of the strain gauge bahavior under adverse (1) technical and organizational boundary conditions. 12) material
environmental conditioris (eitreraily low arid high temperatures) selection. 131 pretreatment of bonding areas (precleening.
Finally. an example il given of equipping on aircraft with a mechanical. chemical). 141 adhesives (cold and hot setting), 15)
flight load mneasuring systei Author special procedures iflame spraying, welding). (1) wiring technique.

(7) protective materials. and (8) general instructions. Y J.A
N75-26602 Advisory (ifoup for Aerospace Resenr:h end
Development. Paris (Firnnc)
PHYSICAL BACKGROUND
In its Strain Gauge Mess oil Aircraft. Vo[ 7 Apr 1976 p B518 N78.25587 Advisory Group for Aerospace Research and
(For availability see N7T.26580 16.391 Development, Paris (France)

The physical background of the strain gauge system was STRAIN GAUGES FOR SPECIAL APPLICATION
presented. One part of this nysterim s the rrnaerial to be tested In its Strain Gauge Mesa on Aircraft. Vol. 7 Apr. 1976 p 45.72
The elementary laws of the behavior of metallic rrruterials under (For availability see N76-25680 16.39)
load are described The othrr imrportant part is tire measurirg Various special applications for strain gauges, involving
grid of tile strair ttauge The fundamerltal correlations between multi-axial measurements. were described These include: (1)
the load on tire nrastirilng tiri and its electrical behavior is measurements of multi-axial strain conditions and the determine-
described. Metallic as will aD Hanirr-condrictor measuring grids lion of mechanical stress conditions (using various rosettes), (2)
are both dirniissed Author measurement of strain behavior by means of strain gauge chains.

(3) strain gauges for flexural strain measurements, 14) strain
gauges for membrane stress measurements. (51 strain gauges

N76-25•83 Advisory Crorip for Arror.;pace Rirsearclr anut for the determination of reidLual streses. (6) stress gauges. (7)
Development. Paris (Fransce) measurement of material fatigue. (81 measurement of large strains,
THE MEASUREMENT OF THE RESISTANCE CHANGES OF 19 l special procedures for strain gauge applications, (101 strain
STRAIN GAUGES transformers. I111 georistrical arrangement and electrical
Ir Its Strain Gauge Mass nir Aircraft. Vol 7 Apt 1976 p 18-29 interconnections to realize special measuring effects. (1i2)
(For availability sue N76.25580 16.391 measurement of strain on arid in fiber-reinforced components,

Sielectiorn of the mort apprnpriate method of recording snmall (13) interconnection of strain gauge bridges for the measurement
resistance changes in strair• olails when loairds are appierd was of defined load alemarntr(structural measurements). (141 high.
"discussed. The basic equtinoni uriderlyirng tia electrical (crcults frequency strain measurement. 115) strain gauges of excessive
involved were given and dniscussed Stiucial emphanss was placed length. and (16) Interferometric strain gauges. YJ A.
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39 STRUCTURAL MECHANICS

N76-25568 Advisory Group for Aerospace Research and when analyzing noisy aircraft data Use of digital techniques .
Development. Paris (France) hs been bneflci bh ih-riff -T savrng l" t d"ei" ?I
USE OF STRAIN GAUGES UNDER EXTREMe fNVIRON. improving accuracy when compared wit' more traditional flutter
MENTAL CONDITIONS testing approachee Author
/it i•s Strain Gauge Maes on Aircraft. Vol 7 Apr 1976 p 72.78
(For availability see N76.25580 16-39) N78-29659 nritith Aircraft Corp. Warton (England)

A survey of the possibilities and limits of the strain gaulge INFLIGHT FLUTTER IDENTIFICATION OF THE MRCA
technique under extreme environmental coinditioirs wae given
This includes (1) Use at extreme temperatures. (2) use undei D. K Potter and A Lotze (Messerschmitt-Boelkow.Blohm
hydrostatic pressure. (3) uae under nuclear radiation. (4) use in Gi b i-I Munich) in AGARD Structural identification on the
magnetic fields. and (5) use under vacuum conditions Y J A Ground and in Flight Including Command ard Stability Augmenta.

tlion System Interaction Jun 1976 p 25.39 refs (For evailability

N71.25589 Advisory Group for Aeruopace Researchl rind see N70-29656 20-39)
Development, Paris (France). Flutter investigaluons were performed prior to flight testing
INSTRUMENTATION OF TWO VAK 191 B AIRCRAFT WI7H end during flight flutter telting of the MRCA. Because the aircraft
FLIGHT LOAD MEASURING SYSTEMS Is equipped with fast responding power control systems which
In its Strain Gauge Mesas on Aircraft. Vol. 7 Apt 1976 p 79 138 could produce undesirable structural motion, flutter investiga•ions
refs IFor availability tee N76.25580 16.39) had to be accomplished with consideration of the command

The instrumentation of the VAK 191 B STeL aircraft with end stability augmentation system ICSAS). Analyeis and test
strain gauge systems wai described in onoe detail The following results for structural mode coupling with the CSAS are
measuring sections were planned for each aircraft 4 rneasurnilng demonatrated for the aircraft on ground which proved to be the
sections In the wing (2 port and 2 starboard). 2 measuring condition for the lowest stability margin It was shown that
sections in the horizontal tall (1 port and 1 starboard). there Is practically no influmnce of CSAS on flutter behavior
1 measuring section in the vertical tall, 1 measuring section in The flutter speed with the lowest flutter margin was predictedthe rear fuselage. and a number of measuring points on the for an antlymmetrical tailleron mode which Is modified by fuselage

landing gear and flight controls. A requirement of approximately influences. The coupling mechanism of this mode was investigated
2.000 single strain gauges (or correspondingly smaller quantl and the effect of apex balance weight on the tlaileron inboard
ties of biaxial roaettes). including certain reserve quantllras. wa, leading edge was demonstrated. Author
estimated for the two aircraft The following aspects were
discussed selection of components, installation technique, location
of strain gauges, installation of the %truan gauge bridges. instaillatior
thne requirements, calhbatlon. and results Y J A N7S.29660 Messerschmitt.Boelkow-Blohm G.m.b H, Munich

(West Germany).

N7?-29655 # Advisory Group for Aerospace Research and INTERACTION SETWIEN AIRCRAFT STRUCTURE AND

Development, Paris (France). COMMAND AND STABILITY AUGMENTATION SYSTEM

STRUCTURAL IDENTIFICATION ON THE GROUND AND
IN FLIGHT INCLUDING COMMAND AND STABILITY 0. Sansburg In AGARD Struutural Identification on the Ground

AUGMENTATION SYSTEM INTERACTION and in Flight Including Conmmand and Stability Augmentation

Jun. 1976 57 p rflls Partly In ENGLISH and FRENCH Presented System Interaction Jun. 1976 p 41.53 rets (For availability

at 42nd Struct, aind Mater. Panel Meeting, Ottawa, Apr. 1976 see N76.29656 20.39)

IAGARD.R-646) Avail: NTIe HC $4.50 The multi role combat aircraft , MACA • has a fly-by-wire

Papers are presented which deal with vibration testing of control system and automatic stabilization The sensors for the

aircraft and rocket vehicles, flutter analysis, particularly of the command and atabitity augmentation system. CSAS are attached
MACA aircraft, digital techniques for flutter anrlyelsl, and to the flexible aIrcraft structure and may therefore pick up signals
interactions between aircraft structures and the commanmerd and which are detrimental to the stability This paper describes the

stability augmentation system of the MACA. For individual titles, method whech ws used on the MRCA to avoid CSAS- structuhol

eea N76529657 through N76-29680. mods couplig effects. Author

N76.29S57 Office National d'Etudes et de Recherches N77.17527# Advisory Group for Aerospace Research and
Aerospatalele. Paris (France). Development. Paris (France).
NEW STRUCTURAL TESTING METHODS BASED ON SUMMARY OF THE DISCUSSIONS ON STRUCTURAL
NON-APPROPRIATED EXCITATION DESIGN TECHNOLOGY
Gerard Pilazoll In AGARD Structural IdentifictIo On the Ground R. B. Baird (Headquarters US AF, Pentagon, Washington, 0. C.)
and in Flight Including Command and Stability Augmentation Dec. 1976 13 p rafs
System Interaction Jun. 1976 p 1 - refs In FRENCH; ENGLISH ;AGARD.AR-99. ISBN.92.835.t230.x) Avail: NTIS
summary (For availability see N76-29856 20-39) HC A02/MF A01

After recalling the classical methods for determining the Structural design and questions created by improved
vibratory characteristics of an aircraft or rocket structure by a technology are presented. Composite structures, fracture and
last with appropriated excitation. the paper presents two new fatigue mei'ihanics. aeroelasticity jnd loads, and optimum and
methods that do not deliver appropriation In the Angelini computer aeded design are discussed along with USAF safety
method, independent excitations are located at significant points, design philosophies. M.C.F.
that may number up 20 for a military aircraft with external
stores. In the Dat-Meursec method, the structure transfer functions
obtained from a single. localized excitation configuration are
smoothed; it is particularly convenient for the study of rockats
Both methods were implemented with the computer installed in
the ONERA mobile laboratory. They permit a condrerable gem
of time, and give results comparable to those provided by the
classical method Author

N74.29608 Air Force Flight Test Center, Edwards AFb. Calif
DIGITAL TIME SERIES ANALYSIS OF FLUTTER TEST
DATA
Russell W. Lenz and David A. Foremen lii AGARD Structural
Identification on the Ground and in Flight hIcluding Command

and Stability Augmentation System Interaction Jun 1976
p 7-24 refs (For availability see N76.29656 20-3a)

A minicomputer based digital time series analysis systerr is
used at the Air Force Flight Test Center to provide near real
time estimates of modal parameters during flight flutler testing
Since tIre test data acquirrid nften contains noise which distorts

='the transfer function' or autuipectrumn results, data smoothing

algorithms ere employed. These algoitlhmns, as wall as algorithms
* 1.for performing multimodal analyses. have been found to be useful
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44 ENERGY PRODUCTION AND CONVERSION

44 ENERGY PRODUCTION AND N75-10941 National Aerospace Lab, Ameterdem INethoriandsl
IMPACT OF FUTURE FUELS ON MILITARY AERO-CONVE RSION ENGINESI

Includes specific energy conversion systems. e.g. fuel cells F. Jazrms In AGARD The 1974 AGARD Ann. Meeting Dec
1974 p 37-46 refs (For availability see N75-16977 09-441

and batteries, global sources of energy, fossil fuels; The expected impact of the fossil fuel shortage on the design
geophysicli conversiGn: hydroelectric power: and wind power and operation of aircrah engines Is discussed. Alternate fuiels
For related information ase also 07 Aircraft PropuIsion and such as cryogenic fluids and synthetic fuels are proposed. Various
Power, 20 SpaLcneraft Propudston rand Power. 28 Piopeiflavrts aspects related to combustion of cryogenic and synthetic fuels

are analyzed to examine the effects on seals, pumps. contamina.
and Fuels. and 85 Urban Trchnology anid Transpotrratln. tion. and engine operating procedures. Author

N7S-16977# Advisory Group for Aerospace Research and N79.10982 Techni•ch. Hochschule, Darmstadt (West Germany).
Development, Parl (Francel. Inst. fuer Ffugtechnik.
THE 1974 AGARD ANNUAL MIETINGi THE ENERGY IMPACT ON AERODYNAMIC DESIGN
PROBLEM: IMPACTS ON MILITARY RESEARCH AND X. Hafer In AGARD The 1974 AGARD Ann. Meeting Dec.
DEVELOPMINT 1974 p 47-55 refs (For availability see N75-16977 08-44)
Dec. 1974 04 p refs In ENGLISH end partly in FRENCH The Impact of fossil fuel consumption and anticipated
Meeting held at Paris, 20 Sep. 1974 shortages on aircraft design for Improved efficiency is examined.
Avail: NTIS HC $4.75 Aerodynamic possibilities for improved efficiency are as follows:

The proceedings of a conference on the impact of the energy (1) aerodynamic configuration optimization, 12l boundary loyer
problem on military research and development projects are suction, 13) the oblique wing. and (4) eupercritical airfoils.
presented Some of the subjects discussed are es follows: (i) Aerodynamic improvements using active controls are as follows:
energy problems in a global context, 121 energy related research (1) relaxed static stability, (2) maneuver load control. (3) active
and development In the U.S. Air Force. (3) alternate fuels for flutter control, and (4) gust alleviation and fatigue damage control.
aviation purposes, (4) the impact of future fuels on military aircraft Changes In aircraft aerodynamics design resulting from the use
engines, end (JI energy resources and utilixetion. For individual of hydrogen fuel are analyzed. Author
titles, see N75-i6978 through N75.-1983

NT7.51676 Ministry of Defence, Parils (France). N75-11963 National Gas Turbine Establishment, Pyestock
ENERGY PROBLEMS IN A GLOBAL CONTEXT (England).Jacques.emile Dubois In AGARD The 1974 AGARD Ann. ENERGY RESOURCES AND UTILIZATION

Meeting Dec. 1974 p 6.20 retf In ENGLISH and FRENCH M. C. Neele in AGARD The 1974 AGARD Ann. Meeting
(For availability see N75-16977 08.44) Dec. 1974 p 56.68 refs (For availability set N75.18977

An analysls of the world-wide problems created by the 08-44)
consumiption of non-renewable sources of energy is presented. An snalysis of the world situation with respect to fossil
The energy system of an Industrial society is described by a fuels is presented, The impact of the fuel shortage on mbitary
dlsaram, A correlation between the energy consumption per aviation in European countries Is examined. 1he availability and
individual of a given country and the gross national product of utilization of fuels other than petroleum are discussed. Charts
the company is developed. A chart of prospective sources of are developed to show the following conditions: IIl world crude
energy to meet future requirements is provided. Methods for ob production and proven reserves, (2) world energy production
obtaining additional energy by methods which do not consume and consumption. (3) total energy consumption per capita for
fossil fuels are explained. The characteristics of en energy system the major nations, (4) outlets for refinery products, and il)
based on the use of hydrogen as the primary energy source estimated coal reserves. Author
are defined. Author

NTM75-1S4 Air Force Dept., Washington, D.C
INIRGY-RELATED RESEARCH AND DEVELOPMENT IN
THE UNITED STATES AIR FORCE
Michael I Yarymovych In AGARD The 1974 AGARD Ann.
Meeting Dec. 1974 p 21-30 (For availability see N75-16977
08-44)

The requirements for petroleum based energy sources by
the Department of Defense of the United States sre analyzed.
In addition to the requirements of the military forces, the logistic
requirements are also examined. The Impact of the energy crisis
on military research and development programs to develop new
energy sources for military use is examined. Methods of reducing
fuel consumption by aircraft design and structural modification
are proposed. The effectiveness of a campaign to reduce energy
requirements and expenditures Is documented Author

N75-1BISK Pinkel (I. Irving), Falrylew Park, Ohio.
ALTERNATIVE FUELS FOR AVIATION
I. Irving Pinkel In AGARD The 1974 AGARD Ann. Meeting
Dec 1974 p 31-36 (For availability see N75-16977 08-44)
CSCL 21D :

The status of energy programe to provide hydrocarbon fuels
from new sources is examined. Experience In the United States
with non-hydrocarbon fuels for turbine powered aircraft Is analyzed.
The various alternate sources of hydrocarbon fuels ire defined.
The use of metals and metal slurries as turbine fuels is
proposed. The advantages and disadvantages of liquid hydrogenaS en aircraft fuel are discussed. A specific example of an aircraft
operating on liquid hydrogen is described. Author
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45 ENVIRONMENT POLLUTION

45 ENVIRONMENT POLLUTION Th olwngaeso interestare discussed (1) mescie:al:

Includes air noine thermal andi water pollution. onviironment in Europe as a guide in designing a network of stations to
monitoring, and] cirinilmnatlon control measaure air pollution, (3) acid precipitation in South Norway

due to long rrrnge transport of sulfur from thre Industrial centers
of Western Europa. (4) meteorological data analysis required for
sir pollution monitoring nietwork. and (5) studies of *It pollution
in Europa during varying wepither conditions D.LG

M74.2$104# Advisory Group for Aerospace Research and
Development. Paris (Franc*). N74-261 09 Department of Trade and Industry. Lorndon (Enrgland)
THE FLUID DYNAMICS ASPECTS OF AIR POLLUTION Civil Aviation
All ?.T1D TO AIRCRAFT OPERATIONS AIR POLLUTION FROM AIRCRAFT
P 'Libby. ad. (Califorrnia Univ. San Diego) Feb. 1974 53 p R A Manguirotty In AGARD Tha Fluid Dynamics Aspects of
roil Air Pollution Related to Aircraft Operationrs Fab 1974 p 41-64
(AGARO.-AR.SSI Avail. NTIS HC 16.76 tols (For availability sac N74-26104 15-20)

The proceeodings of the tourdl tabla discsusion or* presented Avail. NTIS .
and include (ll aircraft dispersion of pollutants. (2) air pollution The current work being conducted in the UK In three specific
characteristics of aircraft engines. (31 research in Germany on arseas of atmospheric pollution related to aircraft operations is
air poil irtion related to aircraft operations, (4) large scale mass summarlized The three areas are. it) (at anigina pollution in tha
transport. end (5) air pollution from aircraft. For Individual titles. neighborhood of airports Including its generation. its reduction
a"e N74-26105 through N74-26109. by proper combustion design, and its dispersal by winds; (2)

smoke trals. 13) Pollution at highr altitudas due so (at angina
11174-26106" Massachusetts inst. of Tech.. Cambridge. Dept. discharge, with Its special problems of chamistry and dispersion
of Mechanical Engineering. Author
THIN DIIPSIRSION OF PROPELLANTS FROM AIRCRAFT

James A. Fay and John S. Heywood hIt AGARD The FluidN7112 43# AdioyGupfreosaeRercan
Dynamics Aspects of Air Pollution Related to Aircraft Operations N622a dioyGopfrArsaeRsac n
Feb. 1974 p 5-16 refs (For availability see N74-2e104 15-20) Development. Paris (Franca).A GUIDE 10 MICROFICH4E EQUIPMENT AVAILABLE IN(Grant NOR-22-009.376)EUOP
CSCL 2118 EUrOPE7 12

Two aspects of the dispersion of pollutant, from aircraft ar pr 95 1
revewe. Te frstis he iaprce ofairraf exaus emssins AGAIRD-1R.61128) Avail. INTIS HC $6.25

rein wd t he vcntofairpots;tescn is the dispersal of arrf exhaustemsin A guide, composed of six sections liating equipment in tech
Inthevicinitye ufaipoaratmsphere Techndiqus theadispbisa ofo moexhing section alphabetically by manufacturer, with the names endtrols I th uper tmophee, echnque avilale or odeingaddressese of their distributors In the appendix, alphabetically listedthis diepereal and how they might be applied to the airport per European country Is presented. The kinds of equipment
probilemn are discussed. Field studies of airport pollution are thenIlutaear:i)cmasndcmrprcar; 2poesrs
reviewed to assess current pollutant levels around airports and
the aircraft's contribution to those levels. The possibility of contrail (3) duplicatora and priflter-procsseore; (41 reader-printere (at the
formation from let emissions at high alttitude is then considered back of the section are Included two enlargers), (5) readers; (a)
end the effect of uncertainties in the trial mixing processes cutters, reoadr-fiilers, strip-up systems, Inspection devistes.
evaluated . Author densitomeoters, and the two most commonly used test targets.

N74-2S104 California Univ., Berkeley. Dept. of Mechanical Author

Engineering.
AIR POLLUTION CHARACTERISTICS OF AIRCRAFT
ENGINES
Robert F. Sawyer /ir AGARD The Fluid Dyvnamics Aspects of
Air Pollution Related to Aiicraft Operations Feb. 1074 p 17.26
(For availablity see N74-28104 1 6-20)

Some results are presented of a survey on aircraft air pollution.
The findings Indicate that: (1l Aircraft era significant contributors
to #ir pollution. (2) The engine Is the primary source of aircraft
air pollution. (3) Carbon monoxide and hydrocarbon emissions
at low power end nitric oxide emissions at high power are the
most important Immediate engine pollution problems D.L.G.

11174-261107 Technischan Unlversiteet, Munich (West Germany).
RESEARCH IN GERMANY ON FLUID-DYNAMICS OF AIR
POLLUTION RELATED TO AIRCRAFT OPERATIONS
Franc Hindeleng, .1 In AGARD The Fluid Dynamics Aspects
of Air Pollution Related to Aircraft Operations Feb 1974 po 27-30
(For availability see N74-26104 15-20)

An overview is presented, based on a literature survey and
a questionnaire, of German research on air poilution related tojarcraft operation The literature survey revealed that while there
exists an abundancs of material on air pollution in general, none
was found to relate to aircraft operation The questionnaire was
sent to meteorologists. aeodrtivamicists, arid aircraft companies
The answers obtained Indicate a tremendous interest in the subject
area with some research being conri-icted but not yet at tira
conclusive reporting stage D.L G

N74-26106 Norwegian Inst for Air Research. Kjaller.
PRELIMINARY NOTES ON LARGE SCALE MASS TRANS.
PORT

¶ J. Nordo In AGARD The Fluid Dynamics Aspects of Air Pollution
Related to Aircraft Operations Feb 1974 p 33-40 (For availability
%at N74-26104 15-20)
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46 GEOPHYSICS

46 GEOPHYSICS A two frequency hidar system, using a Q-switched ruby laser
transmitter with IreCluency doubler and a 52 cm die reeiving

Includes aeronomy; upper and lower atmosphere studies, telescope. for remote aerosol sensing up to more than 30 km

ionospheric and magnetospherlc physics, and geomagnetism altitude is described. The system includes electronic dlate

For space radiation see 93 Space Radationr acquisition and processing Sufficient sensitivity tot high altitude
stratospheric measuremenls is provided by ten channel photon

counting combined with range gating of the pholomulliplier tube,
N76-29815 Advisory Group for Aerospace Reseerch and end a mechanical chopper for rejection of the non-cuhnrert ruby
Development. Paris (France). fluorescence The system is now being absolutely calibrated by
OPTICAL PROPAGATION IN THE ATMOSPHERE comparison between lidar bsckocatlcr profiles on the olne hand.
May 1970 825 p refs Presimt..d at the Electromagnetic and theoretical backscatler functionsi calculated from exporimental
Wave Propagation Panel Symp.. Lyngby. Denmark. 27-31 Oct. aerosol and serological data, using Rayleigh and Mme scattering
1975 theories, on the other The experrimnrtal data ae tilcquired at
IAGARD-CP-103) Copyright. Avail NTIS HC $16 25 mnountain stations at 740, 1.800 and 3.000 in altitude by insans

Atmospheric effects are reported on the propagation of optical of five stage impactors and of cable car probas and radiosondes.
systems emphasizing high power lasers end adaptive optical Examples of tropospheric lidar backscatter profiles, together with
correction procedures. For individual titles, see N76-29916 aerosol end eeroiu.~cjl profiles, as well as stratospheric lider
through N76.29859 measurements at. . 3nted. Author

N76.29S16 Air Force Cambridge Reseerch Lebo.. L. 0 Hanscom
Field, Mass. N76-29820 Norwegian Defence Research Establishrment. Kjeller.
OPTICAL MODELLING OP THE ATMOSPHERE ATMOSPHERIC EFFECTS RELEVANT TO LASER SPEC.
Robert A. McCletchey, John E. A. Salby. and John S. Garing TROSCOPY
Ir AGARD Opt. Propagation in the Atmosphere May 1976 T Lund and A. G. Kjelas /nr AGARD Opt. Propagation in the
21 p refs (For availability see N76.2981S 

2 0
,
4 6

) Atmosphere May 1976 8 p refs (For avallability see N76.29815
Optical atmospheric modelling requires both the knowledge 20.46)

of the physical properties of the atmosphere as well as the A qualitative diecussilon pointing out sor0e of lIle sources
spectroscopic propelrtes of the gases and particulates of which of error and fluctuatlions in a long oath laser differential absoiption
it Is composed. The atmospheric absorption line parameter system measuring the conceritralion of atmospheric gaseous
compilation system Is discusaed and requirements for such i pollutants, is given. Except for single gea detectors using narrow
data compilation t e Indicated. The Iine.by.line tranmilttanco optical frequency ranges, the unpredictable or unknown spread
caiculation technique is described, indicating the capability of in the dispersive properties of the extinction caused by corntlnuum
this technique for use in laser propagetlon studies es wall as absorption and scatter. is of major concern. In addition, the
low spectral resolution apAlcations The LOWrRAN computer limlittions of feat cross correlation of signals to compensate for
model is presented together witlh n indication of its limitations. turbulence Induced fluctuation ere discussed. Author

Author

N76-29817 Air Force Cambridge Research Labs,. L. G. Hlnscom N76.25&21 California Univ, Los Angeles.
Field. Mass. THE FLUID MECHANICS AND COMPUTER MODELING OF

MODELS OF THE ATMOSPHERIC AEROSOLS AND THEIR ATMOSPHERIC TURBULENCE CAUSING OPTICAL

OPTICAL PROPERTIES PROPAGATION FLUCTUATIONS

Eric P Shettle and Robert W. Fenr /it AGARD Opt. Propagation William C. Meecham In AGARD Opt. Propagation in the

In the Atmosphere May 1976 10 p rats (For availability see Atmosphere May 1976 9 p iets (For availability saee N76-29315

N76-29815 20.46) 20-46)
Aerosol models have been rieveloped for the boundary layer, Optical refractive index fluctuation are examined from the

the upper troposphere. the sri~tonphere. and mesoephere. In the viewpoint of what Ix known byfid dynrmicists sbout atmospheric
boundary layer they describe three different environments: rural, turbulence effects. Varioue field quantities (temperature. velocity
urban and maritime. In the upper troposphere and stratoephere and pressure) ere written in terms of their averages 4nd their

two different models represent spring-rummer and fall-winter fluctuations from those averages. The variations of the Indet of
conditions. In the stratosphere they describe several levels of refraction with the fluid variables ire discussed. The cross

volcanic dust concentrations and the background conditions For correlations of fluid velocity, of temperature, end of velocity with

each model the roefficients for extinction. scattering and temperature ere presented A new. modified discussion of the

absorption, the angular scattering distribution and other optlual Kolmogoroff coaeode theory of turbulence is presented and its

parameters have been computed tot wavelengths between cOnsequences analyzed for their bearing upon correlation functions

0.2 and 40 micrometer. The aerosol models are being pre- and energy spectra. Using this fluid mechanical information, the

sented along with a discussion of their experimental basis. The modelinq of propagation fluctuation problems is reported using
opticel properties of these models are being discussed and some computer generated realizations of Index variations, with given

examples of their effects on the overall atmospheric transmission statisticel properties. Author

nropertiss and atmospheric contrast reduction are presented.
Author

NTS.JSS1 Piessey Radar Ltd.. Cowes lEngland). N17629822"' Toris A&M Univ., College Station Dept of
A COMPARATIVE STUDY OF ATMOSPHERIC TRANSMIS. Physics.
SION AT THREE LASER WAVELENGTHS IN RELATION TO CALCULATIONS OF POLARIZATION AND RADIANCE IN
THE METEOROLOGICAL PARAMEThRS1 THE ATMOSPHERE
P J. Wright In ACARO Opt Propagation in the Atmosphere Gilbert N. Pleas In AGARD Opt. Propagation in the Atmosphere
May 1970 10 p reta (For availability see N76-29015 20-46) May 1976 20 p refs (For availability see N78.29815 20.46)

Experimental and theoretical studies are reported on the (Irint NGR.44-001-117)
atmospheric transmission of laser radiation at 0.03 micrometer. CSCL 04A
1 03 micrometer and 10.6 micrometer A transmisaometer Two different methods for the solution of radiative transfer
continuously meaeured the attenuation of the three wavelengths problems, matrix operator end Monte Carlo, rnr discussed. As
simultaneously over a common path length. Results were an example of the use of the method, results are given for the
compared with deduction from the theory of scattering of radiance and polarization of the radiation scattered from haze
electromagnetic radiation (die to Mie. Author layers as well as from models of the real atmosphere. The variation

of the radiance. polarization. and ellipticity with the aerosol amount
in the real atmolopheiv model is presented The Monte Carlo
method is applied to the problem of calculation of the radiance

N7E.298119 Fraunhofer.Gesellschatt. Garmisch-Partenkirchen and polarization of the photons in the atmosphere when there
IWest Germany) is an ocean as the lower surface. It Is found that the turbidity
REMOTE AEROSOL SENSING WITH AN ABSOLUTE of the ocean can be deduced from the upwelling radiance
CALIBRATED DOUILE FREQUENCY LIDAR nreasured at some height in the atmosphere. The downwelling
A. Reiter. W. Carnuth, M. Littfass, and N. C. Varlhneya (Roorkes radiation just beneath the ocean surface is elliptically polarized
Uaiv I In AGARD Opt. Propagation in the Atmosphere May at those angles where it is derived from the total Internal reflection
1976 15 p refs (For availability see N71-291115 20-46) of the upwelling radiation at the ocean surface, Author
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N76-29823 Utah Univ.. Solt Lake City Dept. of Meteorol- N78-29827 Cologne Univ (West Germany). Inst fuer Geophyalk
ogy und Metesoologie.
RADIATIVE TRANSFER IN CLOUDY ATMOSPHERES THEORETICAL STUDIES OF THE TRANSFER OF SOLAR
K N. Liou In AGARD Opt Propagation in the Atmosphere RADIATION IN THE ATMOSPHERE
May 1976 12 p rats (For vailabilllty see N76.29B15 20.46) M J. Kerechgens. E Raschka, and U. Reuitar In AGARD Opt.
(Contract F19628.75-C-0107, Grant NSF DES-75-052161 Propagation in the Atmosphere May 1976 10 p refs (For

Band-by.bend calculations have been carried out to evaluate availability see N76-29815 20.46)
the reflection, absorption and tranemisalon of solar radiation by The transfer of solar radiation in one dimensional model
cloud layers and model cloudy atmospheres In the enitire solar atmospheres hut been computed for the wavelength range from
spectrum The raliatior transfer program is based on the discrete 0.2 to 3 58 micrometer with an iterative solution of the radiative
ordinate method with applicatiorns to inhomogeneous aitmosn transfer equation Absorption by 03. H20. C02. 02 and
pheres The gaseous absorption iii scattnirig atmospheres is taken aerosols has been taken into account. The transmission in near
into account ty means ol exponential fits to the tntal band infrared bands of CO2 arid H20 is approximated by eriponeritlal
absorpltrrir based cfr ilbortrtory measurements Thick clouds such series derived from spirctral mneasuremrents Various vertical
as rrimbostratus and cunrulonrirlihir reflect 80.90% and absorb distributions of H20 arid aerosols are considered end also two
10.20% of the solar radiation incident upon them The reflection different boundaries are used: a rough ocean surface and a bright
end abuorption of a elirwoethar cumulus with a thickness of sandy desert It Is shown, for instance that as a result of ite
0 45 km are about 68.85% and i4.9% respectively Compirlons higher albodo of the sand surface, the absorption increases by
with aircraft observations reveal that within the uncertainties of 5 to 7% depending on the solar height. Aerosol layers in the
the thicknesa and cloud particle characteristics theoretical lower troposphere are much more effective respective to
computations yield higher reflection and lower absorption values absorption. They may alter by almost 40% the radiative heating.
for most of the water clouds. These comparisons Indicate that Author
clouds In the atmosphere are likely to consist of absorbing
particles Author N7.-21829 Physics Lab. RVOTNO, The Hague (Netherlands).

THE MEASURIMENT PROGRAMME OPAQUE OF AC/243
SN76-129244 Massachusetts Univ, Amherst Dept. of Physics (PANEL IV/RGOI) ON SKY AND TERRAIN RADIATION
and Astronomy T. Baker In AGARD Opt. Propagation in the Atmosphere May
MULTIPLE SCATTERING IN PLANETARY ATMOSPHERES 1976 10 p (For availability see N76.29815 20.46)

A measurement program on optical parameters of the
William M Ivines r AGARID Opt Propagation In the Atmoshere ltmosphere and environmental characteristics Is reported. TheWlliam p rIat (For availability Pro Ngt -2ti 15 20.46) aim of the project Is to develop a date base of those parameters
Mny 16 -1 of the atmosphere end the environment that affect the performance
CSCL 038 of optical and electro.optical seneors during military operations.

Certn 0 e rFrom the correlation with the meteorological data, the possibilitiesCertain simple procedures aor solving rwdiative trsiiari of forecasting the performance of the above mentionod sensors
problems in planetary stmelph-,ss ore reviewed. the simlariy will be studied. The program oonsits of a mininmurn required
relations relating isotropic "3 r'rk,otrOpic scattering, Asymptotic
results rsaiirrg knowrr aolut-iji f•. i emiinfinile layers t' des~ired aset of parameters. to be neasured at fixed times (every hour
solutions for optical delian k s ,,u epamnsions relating known on the hour, local mean time) on all sites during a period of atsolutions for conservativle ctt,-; to desired solutions tor the least two years At some of the sites a program of recommended

nearly conservative case The complications Introduced by additional measurements will be carried out during limited time
etmospherrc Inhomogeneity. surface reflection, end spectral periods Author
features are also discussant Author

N76.29120 Forschungeinatitut Fuer Optlk. Tueblngen (West
Germany).

N71.12825 Univaerste des Suelrices et Techniques de Lille EXPERIMENTALAND COMPUTATIONAL COMPARISON OF
(Fran-el DIFFERENT METHODS FOR DETERMINATION OF VISUAL
METHODS FOR SOLVING THE EQUATION OF RADIATIVE RANGE
TRANSFER T14ROUGhH FINITE rHICKNEIS LAVERS W Suechtemann, H Hipp, W. Jessan, and R Neuwirth In
J Lenoble M, AGARD Opt. Propagation in the Atmoaphere AGARD Opt Propagation In the Atmosphere May 1976 15 p
May 1976 9 a rtes In FRENCH. ENGLISH summary (For roat (For avsilability see N70-20815 20-46)
availability see 1176-29815 20 46) Three visibility meters of different type have been run

After recallinr t(re general problem of radiative transfer, the simultaneously over several weeks. At the same time aerosol
methods of sli.tion for a plane parallel horizontally hoimlogeneouli spectra were collected using an optical counter The visibility
atmosphure era briefly reviewed arid a few numerical comparisons readlngs were compared under several nreteorolngical conditions
are shown hen tIhe more difficult problems of horizontal and a Jurige distribution or a modified gamma - distribution
rrhomogertir•ts anti of sphericity eta consrdared Author has been fitted to the experimental aerosol size distribution. Using

MIS's theory end the data recorded, the readings of the instruments
have been compared with the computed total extinction end
the values computed based on actual instrument parameters.

N76.29R29* -iot Propulsion Lab. Calif Inst nf Tcih Pasadena i a. ealrecially the angular response in the case of two scattering
REMOTE PROSING OF ATMOSPHERIC PARTICULATE$ type instruments. A good agreement between the observational
FROM RADIATION EXTINCTION EXPERIMENTS: A visibilities is obtained. except under particular meteorological
REVIEW OF METHODS c:onditions. Computed visibilitiles give a generally correut prediction
Alvin L Fymat In AGARD Opt. Propagation in the Atmosphere of the measured eaxtinction Author
May 1976 30 1) tirs IFor avaalabirity rice N76-29815 20-465)
(Contract NAS7.100l
CSCL 04A N76-29830 Urnivernite dea Sciancrs at Techniques de Litle

The existinit methodology for reconstructing the particle size (Francel
distribution arid inferring the refractive index of absorbing and RADIATIVE TRANSFER IN A SCATTERING ABSORBING
scattering atmnospheric prrticulate% is critically reviewed Emaphasis MEDIUM
is placed on methiod capabilities and shortcomings and. wherever Y Fouquart and J C. Buriez In AGARD Opt. Propagation in
possible. ol achievable accuracy The nature of the associated the Atmosphere May 1976 14 p refs In FRENCH; ENGLISH
remote prohirig problem is analyzed with regard to the effects summary (For availability see N76-29815 20.461
of the partrculeae% oil EM wave propagation in the atmosphere The computation of radiative transfer in a scattering and
The parsmetarrlition of sili distribution is studied within the absorbing atmosphere is particularly complicated because
unifying framework of Pearson's distribution curves The inversions absorption by gases and ncattering by particles oucur simultane.
of extinction measurements and their ratios are considered ously The most eirtable method is to use the distribution of
separately. and the potentialities of each type of masaurament phonon optical path to disjoin absorption and scattering The
aes identified Work lacking in each of the methods reviewed is phonon optical path distribution is computed for a given scattering
indicated. A method of determining both the effective comples medium by means of Pads approximation The solution of the
refractive Index and size distribution model parameters from the transfer equation is found by any approximate or accurate
same data is also presented Lastly. determination from axtinction method and absorption by gases is computed by means ol baind
ratio date of the complex refractive desx independent of size models The method is presented and applied to calculate the
distribution is discussed and error analyzed Author intensity reflected by an irihomogeneous cloud Author
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N7.-29431 Clerkson Coil. of Technology. Potsdam. N.Y. treatment of beam wave phenomena found in the literature,
FLUORESCENT AND RAMAN SCATTERING IN PARTI- and is sufficiently accurate for engineering purposes. It was shown
CLIB that wander cancellation and control of the transmitter beam
M Kerker. P J McNulty. end H. Chew in AGARD Opt. diameter results in substantial improvements in target illumination.
Propagation in the Atmosphere May 1970 8 p rola (For The analyses ane compared with experimental data for the detailed
availability sai N76-29815 20-46) statistical and spectral characteristics of Onmeitis target Irradi.

When inelestically scattering molecules ere distributed within once. Author
a small particle, they respond to the local nonuniform siectromag.-
netic field within the particle. The outgoing inelastic field is N76-29835 Forschungainstiltut Fuer Optik Tuebingen iWest
obtained by matching at the boundary the dipole field of the Germany)
emitting molecules plus an internal field with the outgoing field. PROPAGATION OF FOCUSED LASER BEAMS IN THE
In this way, it is possible to expreias the Inelastic rediances in TURBULENT ATMOSPHERE
terms of the geometry and optical properties at the particle, of H. Reidt In AGARD Opt Propagation in the Atmosphere May
the distribution of nrflastncally scattering moiscules within the 1976 12 p refs iFor availability ase N76-29B15 20.48)
particle, and of the molecular polarizability, for both coherent Experimental results from investigations of instlantaneous
and Incoherent scattering. Author Intensity distributions In focused laser beams at 0.63 micrometer

nad 10.6 micrometer at distances of approxlmately 1.3 km, B km
end 8.8 km are presented and discussed. At 0.63 micrometer

N'16.29032 Aerospace Corp., Los Angeles, Calif. Electronics the beam pattern Is broken up into several diffraction scale spots
Research Lab, because focusing is saturated, except for weak turbulence and
PHYSICAL MODEL FOR STRONG OPTICAL WAVE FLUC- short propagetion distnce. At 10.6 micrometer the beam pattern
T TUATIONS IN THE ATMOSPHERE is almost uniform, as long as the beam dimensions are smaller
H. T. Yurs In AGARD Opt. Propagation In the Atmosphere than the correlation length of the amplitude. Author
May 1976 24 p refe (For availability see N76-29815 20.46)

Elementary physical argumelits ara used to deduce the
qualitative functional dependence of amplitude and phase %teatl tics N76-29836 Pacific Sierra Research Corp.. Santa Monica. Calif.
on the optical wave number, propagation distance and the PROPAGATION OF FOCUSED TRUNCATED LASER BEAMS
parameters that describe the turbulent medium, An attempt is IN THE ATMOSPHERE
made to delineate the underlying physical mechanisms which R. F. Lutomirski In AGARD Opt. Propagation in the Atmosphere
produce such fluctuations and as such the derivations presented May 1976 14 p rat For evailabilty see N78-29815 20-46)here complement the more rigorous analysis presented elsewhere. A formula is derived for the mean intensity distribution from

Although the diecussion Is limited to ths basic plane. and a finite beam in terms of the complex disturborica In the aperture 1
spherical-wave amplitude and phase statistics for constant end the mutual coherence function (MCF) for a spherical wave I
turbulence conditions, the extensiion to the c rse of Inhomogantoun in the medium. The formula Is used to examine the effects of
turbulence conditions is straightforwanrd. Finally, the propegation turbulence on the long term average intensity produced by a
of beam waves In a turbulent medium Is determined from a focused, truncated Gaussian aperture distribution, It is shown
knowledge of the propagation characteritlics of spherical waves that while the vacuum focal point intensity will increase as the
via the extended Huygons.Fresnel principle. As a result, the degree of truncation decreases for a Diven laser output power,"qualitative dependence of the char3otarlstics of beam waves the affect of turbulence limits this Increase. and that the turbulence
can be obtained directly from the spherical wave coherence length can virtually eliminate the vacuum advantage of visible over
discussed above. Author infrared wavelengths In focusing the beam it prectical rangos.

Transverse boom patterns and the on-axls inlensity are shown
for C02 wavelength, and a criterion is established for the conditionNT7,29833 Defance Research Establishment Valcartler (Cue- under which the turbulence prevents effective focusing. Author

bee,.
LOG-NORMAL PROBABILITY DISTRIBUTION OF STRONG
IRRADIANCE FLUCTUATIONS: AN ASYMPTOTIC ANALY- N76-29837 Queen ElIlaboth Coil., London lEnglandi. Dept,
SIS of Physics.
Luc R. Blisonnette in AGARD Opt. Propagation In the MEASUREMENTS OF THE ATMOSPHERIC TRANSFER
Atmosphere May 1970 10 p reos [For availability sea N75-29815 FUNCTION
20-46) J. C. Dainty and R. J. Scaddan (Imperial Coll. of Sol. and Tachnol.)

The asymptotic solutions for the first., and second-order /n AGARD Opt. Propagation in the Atmosphere May 1976
stattitical momentsf of the amplitude of a plane optical wave 14 p rafs (For availability see N76.29816 20.46)
propagating in a turbulent atmosphere are derived from Maxwell's A wavefront folding Interferomattr hat been constructed with
equations. These solutions show that the irradiance variance which the long time averaged modulation transfer function. MTF,
diverges to infinity if the irradlance probability distribution is of the atmosphere con be measured. The Instrument was used
everywhere log-normal Therefore, the widely used log-normal to determine the MTF over 10 nights in June 1974 at Mauna
hypothesis is incompatible with the observation of the satura- Kea Observatory, Hawaii. using bright stars as sources. The form
tion of tha irradiance variance. Using the same asymptotic of the MTF st separatlions of a few centimeters in the pupil
solutions. It is shown that the irradlance variance tends to unity agreed with that predicted on the basis of a Koimogorov spectrum
if, alternately. the wave amplitude has a normal distribution in of turbulence, rut there was a doparture at larger separations
the saturation region. The letter result Is much more consistont The MTFs ware highly vnrabl both frnm hour-to-hour and
with the measured saturation levels. Finally. direct probability night-tonight, the wevefront conaelutnon regionr varying from
measurements in a simulated atmosphere tend to confirm that approximately 4 to 20 cnm. Inrrresuirg the zenith angle generally
the actual distribution is clone to normal at saturation distances decreased the correlation region. but rio exact relationship was

Author observed Author

N76-29834 Oregon Graduate Center for Study and Research,
Beaverton. N76-29135 Rome Univ. Mitaly).
TURBULENCE EFFECTS ON TARGET ILLUMINATION BY INTENSITY CORRELATION OF RADIATION SCATTERED
LASER TRANSMITTER: UNIFIED ANALYSIS AND EXPER- ALONG THE PATH Of A LASER BEAM PROPAGATING
iMENTAL VERIFICATION IN THE ATMOSPHERE
J Richard Kerr hi AGARD Opt. Propsgstion in the Atmosphere M. Bartolothi, M Carnevale (Fandazione Ugo Sordori. Rome,
May 1976 27 p ranfs Sponsored in part by DARPA and Italy), B Crosignani iFondarione Ugu Bordori. Homo, Italy), B
AFSC (For availability see N76.29815 20.46) Dalno (Fondazions Ugo BOnrdoni. Rone. Italy). and P. DiPorto

A phenomenuloilical and anrlytical description is given of (Fondraione Ugo Bordeni. florne. Italy) /ir AGARD Opt.
atmospheric turbulence effects on lIser bearn waves, inuluding Propagation in the Atrrosphere May 1976 9 p rats IFor
the Improved target Irradlance characteristics irnsulting from availability see N76.29815 20-401
cancellation of turbulence induced basm wander through Correlation properties of the olnctroniargnlic field bcattered
reciprocity trackiig. The mechanisms related to the mean away from the direction of propgation of a laser beamn are
Irradlence include diffraction, wander. and wvefrornt distortion studied. The correlatlon could be used for whersever a direct
(beamspread), while irradiance fading Is caused by wander, first measurement af the scattered inteneity as difficult due to
order scintillation. and coherent fadilg The phenomenologicai background radiation Correlation irrereurements are also
description unifles the often fragmentary and Inconsistent connected with the etcale of atmorirhenin tunbuii nce Author
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N76-2111139 Rome Uiriv (Italy) S Edelberig din AGARD Opt Propagation in tile Atmosphererr
MEASUREMENT OF ATMOSPHERIC ATTENUATION AT May 1976 15 p refs Sponsored by ARPA IF-or availability
6326 A soft N76-29815 20-461
M Bertolotti. M Cairnrevaler (Forrdalione U90 Borionir. Rome, The imrportant nonlinear effects which limit high eneirgy laser

Italy). 8 Demro (Fondlazullre Ucin Borriori. Roirre. Italy). M. Galeotti propagation through the atrmosphere aem reviewod The two moel

(Furidazionra Utio Butiiomi, Romeli. Italy) iurr D Stilta /i AGARD import ant effects are thermal blooming (or thermal dfolocirrrring)
Opt. Propagation iII thle Atrnuposlutrrr May 19703 7 1) (For and air broakdown within the beamn A third. teas Important
availability see N76 298 11 20-461 effect in atimulaied raman scattering The possibility of transmitting

The influence of tire (too atilrroripiirr oir tihe Prtopagationt laser beams through fogs. cloud% or haze by boring holes through
proportion of laser beamtris liirs Wonm Mtufreilt miti communticanr.tion threse atmospheric mnedia with the laser beami Is also reviewed
lrn k thnning I the dletsermiinatlioi otif at iii onirin: ar tttiniitiofl The laser's waveform is considered to be a train of pulses It ib
stut rsrrrcs. anid to, tre tiflfrrts tit titlrialrnrce untar ll orsphirtic shrown that the waveformn design and other i mpoirtaint paramntlerts
conditions Auithor such as ranges to the focat plane, saprture and foace spot size.

pulset intensity, etc . cain be chtosen to avoid ithe Ithetrmal bloomring

N76-984 Cosigio azioaledolo Fcerhu. rasati(Itly)of individual pulses arid air breakdown Tha tarnit oir I1mam
N76.984 Cosigro u~ioral riril Ai~nnclre Fiscai Itityl.propagation is then caused by thermal Ilrtoonuiitg due to the

lit iRit Ilorerc tulle Onide Eletlioirragrieicits cumulative healing by the pulses in thne tratin An added set of
MEASUREMENT& OF ANGLE OF ARRIVAL FLUCTUATIONS parameters than controls lois multipulso blooming Including beam
OF A LASER BEAM DUE TO TURBULENCE slow rate, cross wind velocity. arid Interpulse spacong Parametric

Anna Consortrin lit A(3ARD Opt Pnropagatronr in the Atmiosphere tradeoffs required to satisfactorily control thetmal blooming end
May 1976 8 p rets (For avenidltility sac N76-298 16F 20-481 q~uantitative results for several parametric choices are sum.I

The angles of arrival fluctuatrions were mreasured for eaaieiAto
diverging laser beami after propagatior through turbulence, firstly mrzdAto
through a thin layer of artificial turbulence, then through the

Atmospprere at riear ground levels lin thre first case the influence
of the position of the layer is put in evidence In the case of N7S.29545 Naval Research Lab. Washlington. D.C

NUMERICAL METHODS IN HIGH POWER LAGER PROPA.
the atmosphere approximate values of the lnner media of turbulence GTO
and theoyo s otrutreosant aedrvrbyacm Arionwtho Peter B. Ulrich In AGARD Opt. Propagation in the Atmosphere

the heoy ofTatrsln AuhorMay 11976 19 p refs (For availability see N76-29851 20-45)
Numerical solutions to the complex nonlinear Problems Of

N76-9111 Pessy Rdar td.Cows (nglnd)the interaction of high energy lasers with the atmosphere have

*A MULTI51PLEse SATRaIrNtd COwRECTO FORrgland played an important role in tile understanding and development
A`0M1LTIPLE CATRGCORCIN ORLAROf this important and Intermitting field. Summarlired are the relevent

SYVWiSTEM e n .WguoI AADOt rpgto partial differential ecquations that apply, the kinds of numerical

i Wth nmspahery Mand C. 7 Wi3mo p ref A FA r Op.vraglablti on algorithms employed lin their solution and representative resultsI

iN7291 th 2t0phr-a48) 3p esFr viaitt e of a variety of cases of interest. Comparison with experiment is

Multiple scattering Phenoernera alet treated as effective made wherever poseible. Other effdcts which impact ths, thermal
basirn broadfrring mechannemmis At any given range the amoun~t blooming phenomena are also addressed Author

of bilam overlap was greanter lii tile cases of fog and smoke
thin in clear air In atddition. the ainorurr of beami overlap Increased N74-29644 Lincoln Lab., Mass. Inst. of Tech. Lexingtorn

as the optical density increased A beami broadeninqn correction DOH N ONMITHEPOAATIONS OFPSE HIG ATO POWERI LRASER.

factor wee thereflore defined as thle ratio of beasi overlap inDO N NTH PR AG INOF IHPWE LSR
poor visibility conditions to that in clear air. measured at the BEAMS
same, range. Esptilmantal imeasuremnents wars made of the beam D. E. Lencioni /if AGARD Opt. Propagation inn tile Atmosphere
broadening factors, using af GeAc ilithat systern Thre results obtained May 1976 12 p tole Sponsored by ARPA (For availability
were expressed as a graph of correctioni factor versus extinction see N76-29S15 20.46)

coficet o ec tns lmet adwuoin fair agreement The results of a eeries of experiments on laser induced air

with the theoretical tniodeah of Chua and Hogg anti Kunkel. bokont16n .6mcoeesacrpre hehl

Author intens~ities for breakdowns ware determined for clean sit, aerosols,
and single particles. The clean fair threshold was found to bet In
good agreement with microwave breakdown theory. The presence
of aerosol particles was found to lower the threshold by art

N76-29642 Societe Anorryme de Toleconrtnriinncations. Paris amount which depended mvinly on particle sire and laser pulse
(Francel length. Only a slight material dependence was found with the

MIASURSM115NT1 Of ATMOSPHERIC ABSORPTION BY aria exception of water particles which hod the least effect on

UTILIZATION OF AN INFRARED SOLAR RADIATION threshold. The particle induced thresholds were found to scale
RECEIVER [MEASURES DE L'ABSORPTION ATMOSPHER. as wavelength to the minus two power for 100 naee putse
IGUE PAR UITILISATION D'UN RADIOMETRE HETER. lengths. The dynamics of tlre particle initiated thresholds were

ODYNE INFRA-AOUGE SOLAIREI studied. For Intensities slightly above threshold the plasma grew
B Christophe and M. Canniub /It AGARD Dirt Pinprigatrori in within itne beam as air axsrymiretric volume surrounding the

the Atmosphere May 1976 13 1) refls III FIFNCiI (Fri particle. At higher intensities the plaonra formed ats a highly

oaveleollity seen N76-29815 20-461 absorbing thin disk which grew radially arid propagated beck
The physical principles underlying tire cofteunit and Inicoherrntir towards the lnser. Author

heterodyne detection techrnique In the niliddlir inhifrttiii legionr were
described. The application of this techiniquie In tire nrilbrriinniinnt N76-29847 Linroln Lab., Mase Inst. of Tech.. Lexington
of atmospheric trairsparency was illustrateid. irrVILtrliri 0nirisritila EXPERIMENTAL DETERMINATION OF SINGLE AND
lion of tire first results so lta available Trirnirr try Y J A MULTIPLE PULSIE PROPAGATION

R W ONeil. H. Klieman. and H. A Zwicker In AGARD Opt.
N76-29043 Naval Research Lab.. Waulirigtiri. D) C Propagation Iii the Atmosphere May 1978 13 p refs Sponsored
PROPAGATION OF HIGH POWER LASER BEAMS by ARPA (For availability sea N713-29815 20-46)
THROUGH THE ATMOSPHERE; AN OVERVIEW Thermal blooming of focused single and multiple pulse lasers
Jiohrn N Hayes In AGARD Opt Propagatihon iii tire Aniirnsptrere is considered. Experitmtntal ipiocedures are described to char.
May 1076 15 p rats (For availability sent N76 29831 r, 20 461 actariza the irrduction III her field irradiance observed for pulses

The majot categories of tire thrernial Outlininirg pltitiienr~niia whose duration is comparabrle to and shorter than the acoustic
encountered in the propagation of high irowlr lstare Uirarnir iii transit rime across A focal roditis. Experlimneital measurements
the open atmosphere are develuoped The lijirc phiircial rIsea of short pulse blooming are compared with a sicaler wave
behind each type of bWorinig phenonnorionurn diiiitucnrsnid theoretical computer model enribodying the mnedium hydrodynennrn
experimental data arid theoretical forrmilation tire b~rriely tmirrrnr~leii Ics Agreement with the shrort Pulse theory Is ljoerrersly good.
that show the present state of knowledge Author Ar, experiment was designed to test the Qoanlitativs predictive

capability of a steady state niultiple Pulse computer coda

tN75-21114" Lincoln Lab. Mass Inst. of Tech. Lsaiirgto~i Sloorrrirg of a multiple pulse besat was measured asl a function

AN OVERVIEW OF THE LIMITATIONS ON THE TRANSMIS. of absorbed energy arid spatial overlap of1 siiccessive pulsesI

I SION OF HIGH ENERGY LASER BEAMS THROUGH THE Agreensint between the actual meesurerrrentsaend those prredicted
ATMOSPHERE MY NONLINEAR EFFECTS by theory was vary good Author
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N71-29148 Defense Advanced Research Projects Agency. directly proportional to the ergenvalues of the Karhunen-Lose
Arlington. Va. equntlon. This hyperspace integral (involving up to several hundred
COMPENSATED IMAGING dimensions) has been evaluated ising Monte Carlo techniques
James W. Justice and Raymond P Urtz. Jr (RADC. Griffies Author
AFB. N Y.) It? AGARD Opt. Propagation in the Atmosphere
May 1976 17 p refs (For aVailability tee N76.29815 20.461 N76-29852 National Oceanic and Atmospheric Administration.

The presence of the atmosphere degrades the imaging Boulder. Colo.
performance of large telescopes. Optical phase distortion imposed REMOTE PROBING OF WINDS AND REFRACTIVE TUREU-
by atmospheric turbulence causes a loss in resolution capabilily LENCE USING OPTICAL TECHNIQUES
of from 10 to 30 times a systei's theoretical perforniancu A S. F. Clifford In AGAR[J Opt. Propagation in the Atmosphere
compensated imaging approach is reported which allows the May 1976 10 p refs (For availability see N76-2981 5 20-46)
retrieval of low contrast information by active adaptation of the Techniques of measuring wind and refractive turbulence by
telescope system to atmospheric conditions This is accomplished usUrg t.oth active and passive optical sources are considered A
through the usr of reel tnes wascfrorit sensing coijpled with trassiva wind sensor was developed that requires no active light
fast response deformible optics lit practice. iho wavefront enitii•g source. it responds to fluctuations of light reflected from a target
the telescope is measured to deterimne its wavefront defornmaston to determinne tire average orogswsird Finally, progress was made
(optical path length difference across the aperture) and a mirror in the application of horizontal path techniques to the problem
Is then deformed to the conjugate of the deformations, producing of remotely sensing wind end refractive turbulence profiles aloft
a near diffraction limited Image on a sensor. Analysii of the from observations of stellar scintsiliatons. The operational principles
wavefront correction capabilities has been completed. Author of these devices are analyzed and their performances comrpared

to more conventional meteorological instruments. Author
N76-29849 Consiliho Nazional delta Ricarchs, Bologna (Italy)DETERMINATION OF SLANT VISUAL RANGE FROM LIDAR
SIGNATURES. ANALYSIS OF SIMULATED SIGNATURES N76-29853 California Unly ; Lit Jolla.MEASURED VISIBLE SPECTRUM PROPERTIES OF REAL

Mario Gazzi, Vittorio Vloonlini, Luca Pentani, Bruno Radicatl, ATMOSPHERES
Leopoldo Stsfanutti. nd Christian Warner (DFVLR) IB n AGARD d. a, DuntAM y O lP AGARO Opt. Propagation In the Atmosphere
Opt. Propagation in the Atmosphere May 1978 19 p refs May 1976 14 p lit (For availability see N76.29815 20,461

(For availability see N76.298tB 20.46) Measurements of the visible spectrum properties of the

Tire measurement of the slant visual range by means of atniosphere which govern tire apparent contrast of distant objects
lildrs involves two main problems. Ihe extraction of the (rave been Inarae from aircraft, spacecraft. and ground stations

atmospheric extinction coefficient from the lidar signature and in various parts of the world throughout the past thirty years

the calculation of the slant visual range front ithi extinctiori Samples of these data are presented anid the techniques ol

coefficient. These problems were solved for hits particular situation nesurement rhet were used are described. Examples are given
of a landing in low visibility conditions. Ant equation was obtained to illustrate how the data can be used to predicl the limiting

which allows the computation of the visual range from the rarges of detection, recognition, classification, and identification

extinotion coefficient in every hour of the day both for extended of any specific object by airborne, spaceborne, and ground based

and point sources Ifi order to compare the different methods observer, or Imaging devices. Author

for the extraction of filt eatinction cuofficitnt from the lidar
signatureas some atmospheric situations ware simulated on a
computer, and the lider equation was cainulsatid. The simulated N76.29854 Forschungsinstltut Fuer Optik, Tuebingen (West

signatures were then processed by different methods and the Germany).
r•aults were collated. A new procedure for the processing of PASSIVE AND ACTIVE ATMOSPHERIC VISION

0. H. Hohn hir AGARD Opt. Propagation in the Atmosphereliidsr signatures was introduced. Author May 1976 8 p refs (For availability see N76-29815 20-481

The main features of a unique theory of atmospheric passive

N79.29850 California Univ,. Son Diego and active vision for 0.2b mlorometer to 14 micrometers are
COMPUTER SIMULATION OF ATMOSPHERIC TURBU. discussed. The signal-to-noise ratio corresponding to the detection

LENCE AND COMPENSATED IMAGING SYBTEMS of the vision signal, I.e. the apparent radlance of the oborvatlon
B. L. McGlam In AGARD Opt Propagation In the Atmosphere ssite, is used as the basic physloally limiting magnitude, It

May 1970 17 p refs (For availability see N76-29815 20.46) establishes a general vision formula. Different noise limitations

The earth's turbulent atmosphere severely limits the resolutlor (deteotor, device radiation. signal photon noise) were used to

of conventional ground based telescopes. Methods. of reducing derive apeclal, more applicable equations. The theoretical reaullt
this limitation for ground based telescopes include post detection were applied numerically to passive thermal vision. The optimize.
processing in which the blurred recorded image is processed to lion of optoolectronlc vision systems was considered by
extract Information not discernabie to the humeri visual system. approaching signal limited photon noise conditions In contradic.
and pro-detection compensation iii which the wave front tlion to blip conditions, and by using reduced wavelength bends
deformations are dynamically corrected in the optical system for atmospheric vision. Finally. the problem of defining and

befure the Inrage is recorded. Computer srriulations of both of rnuasuring characteristic lengths comparable to tIhe visual range
these mothods are presented. The simulatiois demonstrate that 6 was considered. Author
the post detection processing method produces only moderate
improvement in resolution due to signal to noise limitations while N76.29855 Physics Lab. RVO-TNO. The Hague lNetherlands)
the 1 rre.detection method gives very significant improvenruntb. DECREASE OF CONTRAST IN THE ATMOSPHERE:
As a part of tht simulations, techniques of generating irl- STATISTICAL PRESENTATION OF THE RESULTS OF
stantaneous realizations of wave fronts deformed by atmospheric DAYTIME AND NIGHT-TIME MEASUREMENTS
turbulence and their corresponding point spread functions are J. VanSchie and J Rogge lRoy. Mul. Aced., Brads, Netherlandsl
presented. Author In AGARD Opt. Propagation in the Atmosphere May 1976

16 p refs (For availability see N76-29815 20-46)
N76-28•05 Optical Science Consultants. Yorbe Linda. Calif. Ani outline is given of the model in which the decrease of
HOW MANY PICTURES DO YOU HAVE TO TAKE TO GET contrast in the atmosphere in itsi visible region is diescribed
A GOOD ONE? with two parameters: the extinctloit coefficiunt and the lumlnrUrice,
David L Fried Ir AGARD Opt Propagation In the Atmosphere of the atmosphere; also the distance over which tire Initial contrast
May 1976 t 1 p refs (For availability sar N76-29815 20-46) is halved, is intrr'duced. The results of a iumber of mrissurernents

In shori exposure imaging through turbulence, there Is some of these parameters, both at day arid at night, are presented in
probability that the image will be nearly diffraction limited because the form of several histotgrams. Some coninrlents concerning the
the instantaneous wave front distortion over the apertule was results of the various measurements are given Author
negligible. It is shown that the probability of obtaining a good
short exposure Image corresponds to a hyperspace Integral In
which the spatial dimensions are the independent random
coefficients in an orthonormal aeries expansion. It is equal to N7T-298E5 Norwegian Defence Research Establishment. Kjeiler.
the probability tnet a randomly chosen point In tire hyperspace SENDING OF RAYS OF LIGHT ABOVE THE SEA BUR.
will lie within a hyperapiere of unit radius, the points in the FACE
hyperspace being randomly chosen in accordance with the product P. A. Stokseth and A. Nordbryhn 'ir AGARD Opt. Propagation
of independent Gaussian probability distributions • one distribu- in the Atmosphere May 1976 14 p refu (For avriliability see
loe for each dimension. The variances of these distributions are N76-29815 20.46)
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A temperature difference butweeni tho sea andi the air ahove
it mets up a stable vertical air temperature gradient in the first
few moters above the sea surface This temliertitrire inhomogerreity
causes a Bimilsi refractive rindex gradient flays of tight passing
through this optical whomogetreous nrrirunr are bent, and imiaging
of objects through this medium may be subject to strong distortion
Such Image distortion has bean investigated. lhcoretically arid
experimentally The main eaparimerital results were obtained by
taking pictures of a suitable teat obluct with a photographic
Camera and a telephoto Iens at 512 km range just above the
sea sur face. From these pictures tytpical formis arid magnitudes
of the distortionr ware fourrd A rmathiematical model tracing rays
of light through a vertically varying optical medium was used to
predict Image distortions Thre threoreticail resuits have breen
compared with the axei~rirrnrntrr reulnts, arid flood similarity thas
13e11rr found Aurthorr

N76-29857 Marcoril-Etlilot Avtonlc Systegms Ltd .Basildon
(England).
ATMOSPHERIC LIMITATIONS OF ACTIVE AND PASSIVE
NIGHT VISION SYSTEMS
E. G. D. Younrgs In AGARD Opt. Propagation in tire Atmosphera
May 1976 7 p roef (For evailability see N76-29816 20-46)

The ways iri whluth the earth's atmosphere affect the image
quality of night vision devices are discussed, and of particular
Interest here Is the affect orr apparent contrast. Atmospheric
problems are considered that are associated with thns tiee of
supplementary illumination. Continuously erriltirig searchlights are
briefly outlined, and techniques arssociated withr pulsed Illuminators
are considered. A summary 14 given of a basic nmathematical
modal for such a syrutem. Author

N76-29955 Eutro G m b.14., Heridelberg lWest Germany).
* USING LIDAR FOR MEASURING VISIBILITY

James F. Ruger In AGARD Opt. Propagation inn the Atmotphere
May t976 8 p refs (For availability asee N76-29815 20*40)

the performance of slant visibility equipment and the data
processing techniques used. ares described, Special attention Is
giveo to this correlation data which compares the accuracy of
the slant visibility system to that of a recognixod traonsmissome.
tar. Approximately 800 slant visibility readings ware compared
with the tronemissometer visibility date at three different airports
in order to obtain the correlation fuinction. The results show
that In slant viribility readings, although consistently higher than
the tranomissometer visibility reading, the factor It always
approximately two. Therefore the correlation factor Is a constant.
and the visibility data plots, of the two systems lie exactly parallel
to oen another Author

N76-29899 Deutsche FOrachungs- und Versuchsanstelt fuer
Luff. und Roumnfahlrt, Oberplaffeirhofern (West Germany).
THE INFL.UENCE OF THE ATMOSPHERE SETWEEN
HELICOPTERS AND GROUND.TARGETS11 ON THE DOWN.
WAND AND UPWARD VISIBILITY
H.E ttoflmann In AGARO Opt. Propagation In the Atmosphere
May 1976 115 1 raef (For availability sae N75-29615 20-46)

During some preliminary visibility air-to-ground and groundlto-
air tests In autumn 1 974. the maximum detection range and
the maximnum recognition range ware determined A Leopard
tank, a 1.5 t military truck and a special test board ware observed
from air to ground. The eaperiments took place only at standard
visibilities betweenr 30 arid 57 km -the maximum detection
range ground-to-air was between 8 and 12 km larger than the
maximum datectlon *onge air-to-ground. The maximumn recognition
range air-to-ground wia up to 2 kni amaller than the maximum
detection range. The maximum detection range for observations
of a special test board was smelter than that far nbservations
of the 1.5 t military truck The maximum recognition ranges.
however, determined at observations of the test board and of
the 1.5 t military truck did not differentiate significantly from
each otlher. Author
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51 LIFE SCIENCES (GENERAL) n he use of multiple word test Items is analyzed whether it
influences the intelligibility function of test words relative to

Inciudus geriotlci their presentation as sin le word test items and whether such
items provide a sensitive measure of air individuals ability to
hear speoch in aircraft acoustical environments. High quality tape
recordings were constructed of single, double, and triple word
test items from six monosyllabic word lislts of the Modified Rhyme

N75-23014# Advisory Group for Asrospcce Research and Test (MRT). a multiple choice intelligibility talt. tlhe test words
Development, Paris (France). ware Incorporoted in a carrier phrase somewhat analogous to

MEDICAL REQUIREMENTS AND EXAMINATION PRO. typical aircraft radio messages. The recordod lists were mlixed
CEDURES IN RELATION TO THE TASKS OF TODAY'S with shaped noise end played back to a group ot listeners at
AINCREW: EVALUATION OF THE SPECIAL SENSES FOR three signel.tlo-nols rotlon At the two best signal-to-noise ratios
FLYING DUTIEVL O 1 4 db end 0 dbl. there was little difference in overall liltener

G. Perdriel. ad. Feb. 1975 94 p refi In ENGLISH, partly In performancre for the single. double, and triple word test Items
FRENCH Presenned at Aerospace Mad Panel Meeting. Naples. Author

16.20 Sep. 1974
(AGARD.CP-152) Avail: NTIS HC $4.75 NI5.23089 Army Aeromedical Research Lab.. Fort Ruclker. Ala.

Medical requirements and examination procedures in relation CHARACTERISTICS OF NEW GENERATION MILITARY
to sensory tasks of aircrews are reported For individual titles, NOISE CANCELING MICROPHONES
see N75.23085 through N76.23097. Robert T. Camp, Jr., men T, Moto. and James H. Patterson in

AGARD Med. Requirements and Exam. Procedures in Relation

N7.2300111 Advisory Group for Aerospace Research and to the Tasks of Yoday's Aircrow Feb. 1275 0 p iFor availability

Development. Paris (France). see N75.23084 14.51)

MEDICAL REOUIREMENTS AND EXAMINATION PRO. Military voice communIcation systems have two undesirable
CIDURES IN RELATION TO THE YAIKS OF TODAYS characteristics: (1) they have excessive distortion that causes
AIRCREW; INTRODUCTORY REMARKS low intelligibility; and (21 they emil excessive noise whichArlstiRC SaEna In iRO ModC RequirYmants ad Eels. Procedurcs oonstituteis in acoustic hazard to military personnel. A prototype

in Relation to the Tasks of Today's Airorew Feb. 1975 3 p voice communication system is developed that Includes o nwe

rate (For availability see N75.23044 14-51) generation 1oise cancelling microphone. Results of a test e
'1he medical and aptitudinal selection of airerew and pillodical presented to show that neor field linearity and Improved noiseginhiin medicallll~ and thetdia selertio ohfraltaristtds o futur

examinations of their physiopsychological efficiency are necessary cancelling characteristics are the desied characteristics of future

to define better fitnesu in relation to perceptive capacities, to noise cancelling microphones. Author

standards for visual end hearing devices, and to Intelligibility of
speech transmitted to the ailrorew In flight. G.G. N75.2300 Centre Principal d'Expertises Medicales do Personnel

Navigant, Paris (France).THE ROLE OP VOCAL AUDIOMIITRY IN THE SELECTION
N76-23066 Aerospace Medical Research Labs., Wright.Patterson OF NAVIGATION PERSONNEL ILA PART DO L'AUDIOMET.
AFS, Ohio. AI VOCALE DAN$ LA SELECTION DU PERSONNEL
EVALUATION OF ROLL AXIS TRACKING All AN INDICA. NAVIGANTI
TOR OF VEsTISULAn/SOMATO SENSORY FUNCTION P Blanc end J. D P. Bastien In AGARD Mod Requirements

end Exam, Procedures in Relation to the Tasks of Today's Airorew
A. M. Junker and C. R. Replogle In AGARD Med. Requirements Pob. 1975 3 p In FRENCH (For availability see N75-23084
and EGuim Procaedurur In Relation to the Tasks of Today's Aircraw 14.51)
Feb. 1975 8 p refe (For availability see N75.23084 14-51) Different clinical procedures and functions of examining and

To learn more ebout the effecot of vestabular/sMI toi sensory diagnosing hearing problema of navigation personnel are discussed.
information upon visual motor control, a toll irls tracking simulator Data are given on ioullization of deaffness, physiological
was developed, A description of this simulator, Including the surviallanco of navigation personnel problems, and standards for
ability to run with and without motion cuss, is given, Large normal aerial oeuurlty The application of those methods to
amplitude roll angle motion cues were used, The effects of various personnel selection are so examited. Transl. by E.H.W
plant dynamics, relating to plant complexity on trackitg perform.
ance, are discussed. For a particular set of plant dynamics requiring N76.21091 Erlangen.Nuremberg Univ. (West Germany). Dept.
a considerable amount of lead compensation, it is shown that at Physiology.
subjects perform significantly better with the presence of motion eCTPhysiologC
cues. It has been suggested that primarily vestibular system OF EAR CHARACTERISTICS, INTELLIGISILITY OFPVOWELS
contributions allow motion cues to aid pilot performance. AND JUDGEMENT OF THE STAGE OF ATTENTION

Author Manfred Sprang In AGARD Med. Requirements and Exam.
Procedures in Relation to the Teasks of Today's Airorow Feb

N71.23007 Institute of Aviation Medicine. Fuerstenfeldbruck 1975 tO p refs (For availability see N76-23004 14.511
(West Germany). The influence of short time annoying noise upon evoked
THE EFFECTS OF PURE TONE HEARING LOSSES ON human responsee can be demonstrated if the noise reaches
AVIATORS' SENTENCE INTELLIGIBILITY IN QUIET AND intensities around 70 db. Ear characteristics measured show
IN AIRCRAFT NOISE objectively the behavior of the individual ear In the range above
G R. Froelich In AGARD Med. FRequlrements and Exam. the increased thresholds. Based upon their course compensating
Procedures In Relation to the Tasks of Today's Aircrew Feb. hearing aids can be adopted which do not only amplify In a
1975 4 p lFor availability see N75.23084 14.51) variable degree but also may show even a range of attenuation

Pure tone audiometry remains the basis for the acceptance with increasing sound pressure levels in some special cases of
of applicants as well as the annual follow-ups of rated pilots, recruitment. Using computer generated vowels as exactly
Speech audiometry in quiet Is very efficient for the essessment triggered stimuli evoked responses have been recorded with a
of disability for compensation and the selection of hearing aids, 15 to 37% increase compared with spesch noise stimulation of
but not for decisions on deafened slirraw. Present audlometric equal intensity near threshold. First trials are reported to select
standards for rated lirerew make sure that aviators with hearing the single responses corresponding to the FFT-EEG spectra, thus.
tosses admitted by standards have no difficulties with inflight overcoming the Influence of different stlges of attention. By
voice communication. The decision on the disposal of experienced this means new data may be gathered uoncerning the change
but deafened airorew should be based on the discrimination of of evoked potentials from change of attention doing additional
connected speech in the presence of a background aircraft tlaks, hsvlng multisensory input or succumbing sedation. Author
noise. Author

N75-23O5 Naval Aerospace Medical Research Lob., Pensacola. N75.23092 Italian Air Force Madloo-Lsgri Inst.. Milan.
Fla. Acoustical Sciences Div. THE IMPORTANCE OF THE DOSAGE OF THIOCYANATES
ASSESSING AN AVIATOR'S ABILITY TO HEAR SPEECH IN URINE AND BLOOD OF FLYING PERSONNEL FOR THE
IN HIS OPERATIONAL ENVIRONMENT PREVENTION OF DISEASES OF VISUAL FUNCTION
Carl E. Williams, James D. Mosko, anrd James W. Greene In G Durarzini. F. Zazo. rnd G. Bertoni lMilln Univ.) In AGARD
AGARD Mod. Requlrements and Exam. Pocedures in Relation Med Requirements and Elxan. Procedures In Relation to the
to the Tasks of Today's Aircrew Feb. 1975 10 p refs IFor Tasks of Today's Airorew Feb. 1975 5 p raes [For availability
availability see N76-23094 14.51) see N75-23084 14-51)
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The relationship between the quantity of cyanides introduced have a smell degree of strabismus (crossed eyesi. Presently.
into the organism with smoke. the increase of thiocyanides in this condition is known as microstrebismus or microtropia.
organic fluids (blood and urine) and any impairment of the multiple Author
and complex functions of the optic nerve was considered. The
amount of thiocyanides present was measured in a group of N7S-23097 Amsterdam Univ. iNethirlands).
healthy non-smokers and no significant Increase of thlocyanilde LINEAR ACCELERATION PERCEPTION THRESHOLD
was found, either in the urine or in the blood and for comparative DETERMINATION WITH TH#E USE OF A PARALLEL.
purposes on another group of healthy smokers in whom a clear SWING
irrcr'ase in the average thlocyanride values was found, especially A J. Graven, W. J Oosterveld. and W. J. A. C. Rademakers In
in urine and in proportion to the number of cigarettes smoked. AGARD Med. Requirements and Exam. Procedures In Relation
in comparison with nroismokers Particular tests of central and to the Tasks of Today's Airroew Feb 1975 4 p refs (For
perlphoric visual function showed slight impairments or results availability see N75.23084 14-51)
at the lower lts of the ri al score Iperticularly in the test Thi perception of linear acceleration in humans is discuised
ot visual acuteness ir reduced lighting and in irrespic cenipnielry) The parallel swing -as a tool to collect data on tie functoning
irr 50% of the subjects smoking sore than 10 ctlarnitles (average of thle otolithic system- is described. hi twelve human subjects

quantity of thiocyantes in urine : 9.3 mg/I). Author experiments were conducted with the parallel swing in order to
determine the threshold of perception for movements of this

N7S.230S Duinlop end Associates. Inc., is Jolla. Calif, swing. The effect of different body positions on this threshold
EVALUATIO OF THE SPCIALsociates. SnSES FOR F G Cwas also deterninaed .in another series of experiments the
EVALUATION OF THE P PECIAL SENS ES FOR FLYING amplitude of the oinusoidal compensatory eye movaments was
DUTIES: PERCEPTUAL ABILITIES OF LANDING SIGNAL investigated when the swing was oscillating with an amplitude
OFFICERS (LOOS) of 12.5 cm. as well as with an amplitude of 25 cm. Author
C. A. Bricteon In AGARD Med. Requirements and Exam

Procedures in Relation to the Tasks of Today's Aircrew Feb.
1975 8 p refs (For availability see N75-23084 14.51)

The job of the landing signal officer is to provide for the N7E-24297# Advisory Group for Aerospace Research and

safe and expeditious recovery of aircraft aboard ship. Perceptual Development. Paris (France).
abilitlee related to job performance were identified and used as MEDICAL REQUIREMENTS AND EXAMINATION PRO.

a basis to silect a preliminary battery of perceptual teats which CED URES, IN RELATION TO THE TASKS OF TODAY'S

was administered to qualified LSOs and trainees. Results indicate AIRCREW; COMPARISON OF EXAMINATION TECH-

that LSOs may be differentiated on the basis of perceptual style NIQUES IN NEUROLOGY, PSYCHIATRY AND PSYCHOLOGY

on a field independence dimension 'ouggestions for validation WITH SPECIAL EMPHASIS ON OBJECTIVE METHODS AND
of the test battery againri LSO performance criteria are presented ASSESSMENT CRITERIA
and reviewed. Author H Oberholz, ed, (Flugmedizinlsches Inst der Luftwaffe, Fuersten-

feldbruck. West Germany) Mar 197B 100 p refs In ENGLISH;
partly In FRENCH Presented at the Aerospace Medical Patrel

N76-23094 Naval Aarospace Medical Rasenarci Lab.. Pensacola, Mteting. 'Naples. 16.20 Sep. 1974
Fle. Aerospace Psychology Dept. (AGARD-CP-153) Avail. NTIS HC $475
AIR.TO-AIR VISUAL TARGET ACQUISITION Papers presented at the conference are given Topics discussed
James E. Goodeon /n AGARD Med. Requirements and Exam. include Rorschach tests, computer nioasurernent of complex
Procedures in Relation to the Tasks of Today's Aircrew Feb. performance. nonvisual task processing. pulse wave velocity and
1975 9 p ras (For availability see N75-23084 14-511 bpsychnphysiological reaction patterns, catecholamine excretion

A most critical element of tactical advantage in the air combat from air cadets, flight fitness, fast analytical techniques for the
environment is the early visual acquisition and continued visual EEG, Impact of multivariate analysis on the aviation selection.
tracking of airborne targets. Little data are available which relate psychic health -id flying fitness examinations. snd military
specific visual functions or tests to air-to-alr performance ability. a0latiorl lbychliatry atd neurology For I. irvidual titles, see
Initial visual acquisition of airborne targets usually ocuurs at N715 2.1298 thruugh N75-24309
distances far less than calculated visibility ranges, Further, many
targets go undetected even though they pass wall within the N75,24298 Advisory Group for Aerospace Research and
acquisition range. There appears to be great variability amonp Development. Paris (France).
aviation personnel in visual acquisition performance. However, TEST FOR QUICK AND EARLY DETECTION OF PSYCHIC
potential procedures for either selecting or training personnel SYNDROMES MORE FREQUENT IN THE AIR FORCE
for this special ability have rot been validated against Inflight PERSONNEL
performance criteria. Author Luigi Longo (Italian Air Force Appeal Medical Board) In its

Mad. Requirements and Exam. Procedures in Relation to the

N75-230S5 Centro dl Studi a Ricerche di Medicina Aeronautics Tasks of Today's Aircrew Mar. 1975 4 p refs (For availability

Speziale. Rome (italy). see N75-24297 15-51)
VISUAL ACUITY OF ASTIGMATIC SUBJECTS AND FITNESS Results aird observations are presented which ore derived

TO AIR FORCE SERVICE from a test known as a lfest ol three random dots'. The test

Peolo Rote and Carlo Terrana Ir AGARD Mod. Requirements was used to dete.t early symptoms und psychopathological

and Exam. Procedure, in Relation to the Tasks of Today s Aircrow tendencies in order to prevent their developnent Tire following

Feb. 1975 3 p refs (For availability see N75-23084 14-51) points were considsered in analyzing the results of the tests the

Visual aduity in dilferent axes was studied in astigmatic order of distribution of the 3 riots the type of figure gained by

subjects, and its importance is considered, in view of fitness in joining tIr.. 3 dots, the maurmuni distance between the lateral

flight and on ground special tasks. The research was carried out dots. and the quadrant of paper in which the center of the

by means of optotypes made with Landolt rings, on purpose figure appears. M.J S.

redesigned, for distant and near vision, Author
N75-24299 Advisory Group for Aerospae Research and

75-23096 School of Aerospace Medicine, Brooks AFB. Tax Development. Paris (France).
Ophthalrrnology Branch. ADMINISTRATION OF THE RORSCHACH TESTS TO A
MICROSTRABISMUS IN FLYING PERSONNEL (DIAGNOSIS SAMPLE OF STUDENT PILOTS TRAINING AP-
AND DISPOSITION) PRENTICESHIP ICOMPORTEMENT AU TEST DE RORS-
Thomas J. Tredici In AGARD Med. Requirements and Exam. CHACH D'UN ECHANTILLON DELEVES PILOTES IEN
Procedures in Reatiorn to the Tasks of today's Alrorew Feb. PHASES SUCCESSIVES O'APPRENTISSAGE]
1975 10 p refs (For availability see N75-23084 14-51) Fabrizlo Sparvieri (Schools of the Italian Air Force) Iii its Med

it is considered of paramount Importance for the aviator to Requirernents arid Exam. Procedures ir Relation to the Tasks of

hrave the abilty to accurately perceive depth and judge distances. Today's Aircrew Mar 1975 3 p refs In FRENCH (For ovariibility
One of the important elements contributing to his depth perception sae N75-24297 15.511
is stereopsis. The United States Air Force (USAF) depth The Rorschachr Test was adininistared to 138 student pilots.
perception tests are in reality tests of stereoplis. Examiners are 77 were in aIcademic trriring and 61 wrie in flying training
aware that a number of trained aviators always have difficulties Stress and fatigue effects on the quarity of student response
in palsies these stereoscopic tests. In the past those who failed were cornpared It was deotrtnrned that students In flying training

these tests but had straight eyes and normei visual acuity were supplied morn answers. but of Ilos quality thaie those in actidemic
thought to have Idiopathic partial lack of eterecscuity. most likely training It was sugglesttnd increased psychological stress and
on a central basis. Recently developed subtle diagnostic motility fatigue rrnluonnl hy flight situations was tire c•usa of such
techniques have revealed that many of these airmen in reality responses. Transl Inv E.H W
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N75-24300 NLival Arrrinortipac Modicuila RunrchirrrI Lii. Prnir.ucrrla the (late obtained results in tlie conclusion that. in air cadets.
rI'li firsit flying nuirsions act as a stress, Since tire catecholenrine
COMPUTER MEASUREMENT OF COMPLEX PERFORM- excretion incretases 4 tines in comparison with basic values,I
A NCE collected during nonflyving duty. Author
Priuliriri S G 31).rno iii AG Alit Mod fleririeirrerinni andr Exam
Procuricimrir in Rirlitioni tto the Tasksi of Todarys Aircrrew Mar N76-24304 Conitra di Stoudt Ricerclre di Medrrina Aeronautics
197b 7 p rids (Fur availabiitiy stii N75-24297 15 fitt a Spatralei, Htome (Italy)

A nrrru, f ~orrrrrtrcoirrtir iurorrinrc nricuenisrtFLIGHT FITNESS AND PSYCHO-PHYSIOLOGICAL *EHAV.
rIUSti uni~ng rosptorrr,r tnionlicy Irrririirore worir ievlavopect 1hirri IOR OF APPLICANT PILOTS IN THE FlIRtSF F LIGHMT

F. uxprnr. rirritir, prrr;:rrcrrriploirs icrirriiirrtoi task. a nuibilict pduorn CesaioeA Reracci anid Paoto Rota In AGA HD Med firi~urnments
i~rroin tiy, rir'C rir...hiri [mic. und ir U. ii .... ).~inr~rifto[i iiiid stiesi rnid Exam0 Piociltduer iii Retatrion to rhe Timlts of Today hi Aircrew
t~r hii itc taski Lor itiibic of lining op riloiintiii sootraloly Or iii Mar t1975 8 p refs (For avaitability see N75 -24297 16 511
conrniirciorr with other taski, This qtuatity permits the assessment The psycho-phystologtcat behavior of 73 applicant pilots was.. of performoancir chrairges us tihe test environment is changed studied during the flights of a basic training course On ground
from u simrple suingles task situation to an Inc~reasringly complex and during tire let. 7th. and 1 5th rhseitin, the trainees carried
miultiples task situation The results rindicate that response times out arithmetic calculation consisting of progressivoa subtractions.
tinder complex conditions are niuch tonger then under simpter arid tracked a given outline. In the name missions. In a few
tauk conditions. Task Irnteractionrs and the need to divide attention trainees. hearrt rate was continuously recorded with magnetic
piuasiy increrase the rime required to respond to any feet situation, tape electrocardiograph, and rotated to flight tasks The data
Sarrta iidividuals appear to be more able to cope with time-shared obtained are discussed with respect to the results of flight final
conditions ttharn ottiers In general, the data indicate that muchl teats. pnrelimnirary psychological selection, and previous flight
of tire traditional human performance data may grossiy ovaresti. experienics. in order to evaluate their Importance to flight fItlness
mrate performance levels obtainablew tinder real-world conditions. assessment Author

for ealh Reearh. Tt). Author
N75-24301 Orgartilationfri Hat eeac.TO Amsterdlam N75-24305 Royai Air Farces Int of Aviation Medicine.
iNetarherards) Lab for Ergornomic Psychotogy. Farfibotough (Englanid).
CHANGES IN VISUAL EVOKED RESPONSE BY NONW SOME FAST ANALYTICAL TECHNIQUES FOR THE EEG
VISUAL TASK PROCESSING

J LBiorn In AGARD Med. Requirements and Exam. Procedures G ft Hlyord Iii AGARD Mod. Requirements and Exam
iii Relation to the Tasks of Today's Alrciew Min. 1976 11 p Procedures In Relation to the Tasks of Today's Aircrew Mar.
refs ,IFor availability see N75-24297 15-5t) 1975 10 p refs IFor availability see N76.24297 15-511

The influence of an auditory binary choice took on the visual Three fast %Ingle or mnultichannel techniques were developed .evoked rasponree IVER)Iin man is analyzed. The separation of and investigsted. Tile srape and size of an electrical signal maytask and tent stimuluis arid the processing techniques used ernabled be described by measn of the amplitude probability density. This
the demonistration of a significant differencer between task and statisticial chaoraulanietic can be calculated on-~line for several

* resting conditions. especiaily In the amplitude levels of wave IV. channels sirnultanvousiy. arid techrniques ami available to detect
Tirese observations. together with data front literature form the significant differences between one epoch arid another of the

- - hasis of a neitrophysiological hypothesis advanced to explian same ciirnnei, or between epochs from different channels. Using
the responsebie mrechaniams. It is postulsted that. In the waking a small snalog~ue computer, the elgnral from a single channel
state, the reticular formation can only be In two states designated may be divided into 6 frequency bends approximating the accepted

* resting and busy, which are reaponsible for the cortical processing pfrysiological definitions. for each, the time course of the Integral
of Informatioin. The busy stats occurs when Information Is of cignal variance is then plotted automatically at up to 16
proctessed arrd Is orsintilned by corticorteticrlar activity during timer real-tirme. anti the slopes of the curves used to obtain
this state. If this ar-nivity has been maintained during a certain numerical irrdices of change in eeg activity. It is Intuitively
period of lime. return to the resting stile is delayed, changing satisfactory in describe the eag In tenrns of amplitude, fre-
the VER in the period immediateiy following mentel activity quericy arid time. but no simple graph will display the fin-

Author trarelationehip between these 3 variables. Tire power spectral
density describes the 'slat lhonhip between frequency and4

N15-26302 Organization for Hesalth Research. INO, Amsterdam amnplitude iii one epoch, successive spectra can be organized so
lNetherikindsl Lab for Ergonomic Psychology. as to produce a 3 dimensional display, and a technique based
PULSE WAVE VELOCITY OVER THE VASCULAR WALL AS ii (lie fast Fourier transform was devised which will satisfactorily
A MEANS FOR DISTINGUISHING BETWVEEN DIFFERENT decroase the spectral density computer time, by a factor of up
PSYCHODP HYSIOLOGICAL REACTION PATTERNS TO A to 100. In order to carry out these calculations with adequate
MENTAL TASK speed. a hybrid comrputirig systen. was developed which mair
C H J M. Opmeer In AGARO Med Requirements and Exarr. be controlied either from an on-line experiment or from err
Procedurres ir Relation to the Tasks of Today's Aircrew Mar. index placed on orie track of an analog FM recording: results
1975 7 p refs (For avaitability ass N76-24297 15-511i are presented as grarrirs or printed tables. Author

Tire 1irfiurrrce of a quarntitative task of a predominantly mental
nature on puilse wave valocity IPWV) was investigated. The time
whichr the Pulse Wave (caused by the puripirig action of the N76-24306 Naval Aerospace Medtical lerneercir Lab. Pensacola.
hmeart) neederd to trarvel along the vascular wail (from heart to Flia
right ear label garterally dtecreased li e. PWV rrcre~asedl during IMPACT OF MULTI VARIATE ANALYSIS ON THE AVIATION
a 75 choices Per min - lark It seorns possible to distinguish SELECTION AND CLASSIFICATION PROCESS
two groups, those subjrcts showing a decreased PWV (supposed Norman E Larr aerrd Rosalie K Ambler Iii AGARO Mod
to indicate arterial vasonronstrictioni, and those showing an Requirements and Exam Procedures In Relation to the Tasks of
irrcreased PWV (supposed to be caused by vasodriatetioni. The Todaysd Aircre'w Mar 1975 7 p rats (For availability see
continuous PWV-tjrtie series Appears to be quite irregular (nrean N7 5.2i1297 1 5.61)I.,, SD 16 msi A Foririr-enalysIs performed on tOrnse data indicates Contirruours quality control which has evolved from the maossie
that tlire observed irncrease in the number of oscillations during use of miririvarietur ntatunitr~al techniques made possible by
aheavy task is rcle to on influence of augmrrented respiratory nmodern conmputer technolniry is described along witfh the selection

rLia during this tack Author arid classification process from the first coarse screen at widefy
separated procurement points thrrough thre first fleet assignment.
Emnphasis is on the rote of onuttivariate anelysis in the development

a Spatiale. Rome (Italy) within each training option Among the multiverreta techniques
CATECHOLAMINE EXCRETION FROM AIR CADETS that were employed are lactor analysis, multiple group discriminmant
G Peolucci and G. Biundo in AGARD Mod. reoquirements function, anti miiltiple regression analysis. Multipisl regression
and Exarm. Procedures in Relation to the losoks of Toilay' Arrcrew analysis is tirea most productive and is the principal technique
Mar 1975 3 p rats (For evailability see N76-24297 1561511) currently used to produce tirea marny series of successive prediction

AS every stress carr produce riese on catechotarnine rate lee equaetionts which combine Qu.antitative arnd quialitative data from
udr9 ena gland resporisel, these substances it aviators during numerous sorures Comparisons of the multiple regression
training were aneuyzed. Iii order to establish whether the flight prediction nrodel with oither techniques are tirade and refinements

V could Irave some influence In their output The assessment of developed in tree of tris technique are discussed. These
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rehinements ate concernedl with nrin ing thle impact of aampling Associates. Encino, Calif.) In AGARD Electro-Opt Systems
error oi• validity, the ;r4ndling of potential suppressors. antd the May 1975 14 p ret. For availabilty see N7S.26778 17.70)
development of decisirn r ules for variable selection These decision A system.ortontord dicussion is presented of the design of
rules encompass the tiractical demands of the training situation typical nlectio-opticul systbrns Laser rungefinrders. laser target

as well as the niathemuticel properties of the potential predic- designators. and low light level televiiinir systems are deacrlbad

torn. Author as examples of activ arnd semiactive svaterns Design equations
are developed from first principles but lii a way that emphasizes
the physical nature of the quantities involved Several examples

N75-24307 Direction des Racherche& at Moytns d'Essans. Paris of desglns are carried out lhi detail so as. tri illitstiae the manner

IFarnce) inr which a typical system design proesiods Author

STANDARDIZATION OF OBJECTIVE MEDICO-
PSYCHIATRIC QUESTIONNAIRE IN THE FRENCH ARMY N75-26780 Marcreni. Elliott Avionic Systeins Ltd. Rochester

JUN QUESTIONNAIRE MEOICO-PSYCHIATRIQUE On- (Enghlnd)

JECTIF STANOARDISE DANS LARMEE FRANCAISE] THE APPLICATION OF DISPLAYS IN NAVIGATION/
ATTACK SYSTEMS

Louis Crocq /it AGARD Med. Raquiramenta and Exam Procedures J. T. Shepherd in AGARD Electro.Opt. Systems May 1976
in Relation to the Task% of Today's Alrcrew Mar. 1975 7 p 19 p (For availability see N75.26778 17-70)

In FRENCH (For availability see N75-24297 16-Sti The use of display systems during the navigatIon/attack phase

An objective questionnalre based on data from the psychiatric, of an aircraft mission Is outlined. The types of display used end
ineurological. medical. and social history was developed and their advantages and limitations are discussed. Author
administered to French Army personnel. Upon completion and
verification, the questionnaire is used for initial selection. N,6.Ti Hughes Aircraft Co, Culver City. Caif
facilitation of clinical examination and psychological Intervoew, FORWARD LOOKING INFRARED SYSTEMi
for prognosis of later adaptation, and for easier statistical Richard D Hudson. JG and Jocleline W. Hudson (ASTEy
evaluation and computeritation of dots. The poosable development Associates. Enolno. Calif.) In AGARD Electro-Opt. Systems
of a mental hygiene data storage bunk from such material was May 1975 12 p refs (For availability see N75.26778 17-70)
neamired Data are also used to select personnel for specific A systemorianted discusion is provided of the design of
missions and jobs. Transl. by E.H.W. typical electro-optical systems. Forward lookitng infrared systems.

unlike those described earlier, are an example of a passlel
11N7111-24301 Institute of Aviation Medicine. Fuerstanfeldbruck sensor system. Design equations are developed from first principles

(West Germany). but In a way that emphasizes the physical nature of the quantities
PSYCHIC HEALTH: A QUANTITE NEGLIGEABLE IN FLYING involved. The system design process is described and analyzed

FITNESS EXAMINATIONS with emphasis on the tradeoffs that can bit made during a design.
H P. Goerres in AGARD Med. Requirements and Exam. The advantages of designing with background-limited (Blip)
Procedures In Relation to the Tasks of Today's Aircrew Mar. detectors are described. A sample design Is provided so as to
1975 6 p refs (For availability see N7T-24297 15.51) illustrate the manner in which a typical system design proceeds.

After a comparative analysis of possibilities arid results of Author
aptitude diagnnses so flr applied Io applicants by aviation
psychologists, experiences gained in routine and psychological N75-26782 Marconi-Elliott Avionic Systems Ltd., Rochester
follow-up examinations are reported. Various auggestions for lEngland).
the accomplishment of periodic psychologio examinations in the HELMET MOUNTED SIGHTS AND DI8PLAY SYSTEMS
German Air Force are offered and discussed, emphasizing
practicability and effectivenesa of the different possibilities in J T Shepherd In AGARD Electro-Opt Systems May 1975
detail. It is shown that examinations of this kind could be 13 p (For availability see N75-26778 17-70)
conducted by the German Air Force without additional expendl- The design and capabilities are reviewed of helmet mounted
turts in personnel, provided certain organizationel prerequisites sights and display systema in the context of a modern navigation/
are met Author attack. Author

N75.26703 EMI Electronics Ltd., Feltham (England). Ergonomica
N7S.24309 Royal Air Force Central Medical Estabiishment, Lab.
Londoti (England). OPTO-ELECTRONIC SYSTEMS: PERCEPTUAl. LIMITA-
8IXTEEN YEARS EXPERIENCE IN MILITARY AVIATION TIONS AND DISPLAY ENHANCEMENT
P.YCHIATRY AND NEUROLOGY A. A. Clarke In AGARD Electro-Opt. Systems May 1975
P. J OConnor /i AGARD Mod Requirements and LiEtamn. 12 p refs [For availability see N75-2R1778 17-70)
Procedures it Relation to the Talks of Today's Aircrew Mar Sensor-display combinations are described which show how
1975 3 p refs (For availability see N75-24297 15-51)

The wastage of arrcraw due to psychiatric causes is discussed they nay be designed to estend the limits Imposed by theoperators perceptual capabilities and environment It Ii shown
One approach to psychiatric selection is to forecast how a cadet that CRT displays are the most appropriate antd i discussion of
will withstand the stress of flying on the evidence of his previous the various display enhancement taohnique& are ia di o
life history, the approach was investigated. Two ways of tackling Author
psychiatric wastage are found to be the physiological measurement
of the cadet's ability to adapt to stress, and the acceptance of N75-26784 Air Foe Flight Dynamics Lab.. Wright-Patterson
the fact that the only test for fitness for flying is the flying AFB. Ohio.
itself It is found that neurological wastage of aircrew s much TOTAL COCKPIT IMPLICATIONS OF ELECTRh-OPTICAL
simaller than psych, (tic wastage. and that routine electroencephal- TOTAYS
ography may futhen reduce neurological westage ry identifying DISPLAYS
those likely to develop epilepsy. Author John M. Raising In AGARD Electro-Opt. Systems May 1975

16 p refs (For availability sea N75-26778 17-70)
The implications for using selctro-optical displays to replace

many of the electro-mechanical Instruments are discussed. A
N75.20778# Advisory Group for Aerospace Research and short history of cockpit development li given to show the growth
Development. Paris (Francel of cockpit instrumnentatlon. After discussing thi F- 111 as an
ELECTRO-OPTICAL BYBTEMS example of a modern electro inechlnicel cockpit, the question
May 1975 142 p refs is asked. 'Where do we go fromr hern?' Early developments In
(AGARD-LS-761 Avail. NTIS HC $5 75 electro-optical cockpits are reviewed and current research

Military applications of optic-electronics are reported The programs are discussed. The unique impacts of electro-optlcal
design and application of display devices including helmet mounted displays in the design of both close air support and air superiority
devices are discusaed The design and limitations of cockpit and aircraft are examinod in detail. Finally. the future of the
display deviceas re described for human factors engineering For electro-optical cockpit is discussed and conclusions reached as
Individual titles, see N75-26779 through N75-26787. to Its viability. Author

N75-26779 hughes Aircraft Co. Culver City. Calif. N75-20705 EMI Electronics Ltd.. Feltham (England) Ergonomics

LASER AND LOW LIGHT LEVEL TELEVISION SYSTEMS Lab.
TWO WORLD DISPLAYS: HUMAN ENGINEERING

Richard 0. Hudson. Jr and Jacqueline W. Hudson (Arjay ASPECTS
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A. A. Clarke In AGARD Eleoctro.Opt. Systems May 1975 conditions may be very high. By the use of national and
8 p refs (For availability ase N75-28778 17-70) international standards the measured vibration stress Is evaluated.

The known information requirements ere described for aircrew As consequences of these results technical improvements and
under three particular mission constraints and shows possible daily exposure time limits are proposed. Author
display formats and illustrates applications. Author

N75-27551 Surface Effects Ship Project Office, Bethesda, Md.
CREW PERFORMANCE REQUIREMENTS IN THE VIBRA-N75-2E7UB Naval eseasrch Lab.. Washington, D.C. TION ENVIRONMENTS OF SURFACE EFFECT SHIPS

OPTICAL FILER APPLICATIONS
A. Fanner Milton in AGARD Electro.Opt. Systems May 1975 Alfred Skolnick In AGARD Vibration and Combined Stresses
21 p (For availability see N75.26778 17.70) in Advan. Systems Mar. 1975 22 p refs (For availability see

Optical fibers for communication and date transmission are N75-27885 18.51)
reported. Military applioatlons of the fiber optic links are ehown. aSilc requirements and habitability standards are studied

The principal methods of making optical fibers with a lower for designing surface effect ships employing a sailf generatedindex cladding are Included. M.C.F. cushion of air for lift support with vertical motion centering ind cd ril .. the 0.2 to 3.0 Hz region. Emphasis is placed on vibratory loads

NT7.2571- 7 British Aircraft Corp., Warton (England). Military and crew performance. Using empirical data from 100-ton
Aircraft Div. teatoraft and motion predictions from a 2000-ton SES math
AIRCRAFT DESIGN IMPLICATIONS OF OPTO.ELECTRONIC modal, a simulated pilot house Is stimulated to portray ship
SYSTEMS response characteristics at various speeds In diverse see states.
W I. McFarlane In AGARD Electro.Opt. Systems May 1975 Results of thees motion simulations and selected critical crew
22 p (For evailability sea N75.26776 17.70) lasks conducted during the tests for up to four hour intervals

The application of electro-optical systems to low level aircraft are discussed, Author
and hellcoptaril Is discussed with particular emphasis on the
Installatilonal problems of weight, drag, the need for trarsparencias.
and power and cooling requirements. In addition the need for N7t-27119 Royal Air Force Inst. of Aviation Medicine,
integration and matching of these systems with other equipments. Fornborough (England).
weapons and each other is Illustrated from the point of view of THE TRANSMISSION OF ANGULAR ACCELERATION TO
optimizing the overall weapon system. Finally an objective is THE HEAD IN THE SEATED HUMAN SUBJECT
stated wherebv these now developments can ho integrated to G. R. Baines and B., H. Rance In AGARD Vibration and Combined
maximize the usaefulness of the crew by providing them with Stresses in Advan. Systems Mar. 1975 7 p refs (For availability
the right Information from the right sensor on the right display aee N75-27685 18-.1)
at the right time for them tn take executive action. Author SinusoIdal angular oscillation In yaw of seated human subjects,

both restrained and unrestrained, hna demonstrated that responses
N76.271166# Advisory Group for Aerospace Research and of significant amplitude may be elicited in all three head axes.
Development, Paris (France), In the unrestrained condition, the torso appeared to absorb the
VIBRATION AND COMBINED STRESSES IN ADVANCED input acceleration, the response of the head in the yaw axis
SYSTIMS exhibiting very rapid attenuation and large phase lags at
Henning E. VonGiarke, ad. (AFSC) Mar, 197b 272 p refs In frequencies above 4 Hz. In the restrained condition, the
ENGLISH: partly in FRENCH Presented at the Aerospace Med. transmission to the yaw axis of the head was much loes severely
Panel Specialists Meeting. Oslo, 22.23 Apr. 1974 attenuated with smaller phase lags above 4 Hi. The yaw responses
iAGARD-CP.145) Avail: NTIS HC $8.50 In the unrestrained condition exhibited a resorant peak at 2 Ha.

Operational vibration environments and their psyachophysloiog. In both experimental conditions there was a significant re.
lcal affects on performances of crews of aircraft, lend vehicles, sponse In both the roll and pitch axes of the heod. The response
and ships are stiudied. For individual titles, see N75-275688 through In pitch exhibited significant 2nd harmonic components which
N75-27713. were manifested as a frequency doubling effect between 1 and

8 Hz. Author
N75.27685 Royal Air Force lIst. of Aviation Medicine,
Fernborough (England). N75.27690 Naval Air Development Center. Warminster, Pa.
AIRCREW ASSESSMENT OF THE VIBRATION ENVIRON. Ali Vehicle Technology Dept.
MINT IN HELICOPTERS THE EFFECT OF THE INDIVIDUAL AND COMBINED
B. H. Ranca and J. W. Chappelow In AGARD Vibration and STRESSIE OF VIBRATION AND SUSTAINED 0 ON PILOT
Combined Stresses in Advan. Systems Mar. 1975 7 p refs PERFORMANCE
(For availability sea N75-27885 18-51) A. G Piranlan In AGARD Vibration and Combined Stresses in

A survey of military helicopter crews was carried out to Advan. Systems Msr. 1975 13 p ref. (For availability see
determine the scope and nature of problems due to vibration. N75-27885 18-511)
Three hundred questionnaires were completed. The chief The human centrifuge was used to evaluate the relative
consequences of vibration wear discomfort and difficulty in reading influences of sustained normal accelerations, combined vertical
displays. The occurrence of these affects was associated with and lateral buffet loads, and basic aircraft flying qualities on
significlnt Increases in reported fatigue. The major effects were, air-to-air tracking performance in air combat maneuvering flight
mainly confined to the larger aircraft. Most of the reports from Performing the simulation in an actual F-48 cockpit, 11 pilots
Royal Navy helicopters were nasociated with hovering or transition were tasked with tracking a moving target with a fixed reticle
to or from the hover; turbulence was found to Increase the sight presented in visual display. Sustained accelerations from
number of reports of vibration effects. Loading of the aircraft 1.3 to 5.0 g's, buffet intensity levels from buffet free to I or •
was not found to cause any Increase in the number of reports. .5 g, and literal directional flying qualities were varied In-

Author dependently in several combinations to assess their individual
and combined influences on tracking precision. Results show

N75T.2787 Max-PlanekIlnatitut fuer Lnndarbelt ,nd Landtechnik, that for the buffet frequency used (10 cps). intensities up to +
Bad Kroumnach (West Germanyl. or - .5 g have negligible ellects on performince. Sustained
HUMAN EXPOSURE TO WHOLE-BODY VIBRATION IN accelerations up to 5.0 g's have appreciable effects, degrading
MILITARY VEHICLES AND EVALUATION BY APPLICATION tracking by 10 mile over the 1.0 g level. Flying qualities' influences
OF ISO/DIE 2631 were substantial, and greater than those of either buffet or
Heinrich Dupuis In AGARD Vibration and Combined Stresses acceleratlon. Decreased dutch roll frequency and/or damping,
in Advan. Systems Mar, 1975 7 p refs (For availability see adverse aileron yaw. and proverse aileron yaw were seen to
N75-27886 1-t1) have degrading effects on performance. Author

The vibration strain of soldiers and test drivers in military
"vehicles concerns mainly those reactions which, by the way of N75.27691 Deutsche Versuchsanstalt fuer Luft- und Raumfshrt,
influencing the sensation and motoric coordination, can decrease Bad Godesbnrg (West Germany). Acceleration Physiology
the human performance when operating vehicles and carrying Dept.
out militaryteaks So especillly visual sensation will be Influenced EFFECTS OF TRANSIENT VIBRATION8 ON HUMAN
by vibration stress. Furthermore. vibration at high amplitude In SAFETY AND PERFORMANCE
certain frequency ranges may lead to injuries to health. Results Lorenz H Vogt fn AGARD VIbration and Combined Stresses
of vibration measurements in 13 wheeled vehicles. 3 tanks and in Advan. Systems Mar. 1975 10 p refs IFor availability see
\2 ambulances show that the vibratlon stress under certain N75-27685 18.51)
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Transient vibrations and impact forces represent possible. N75-27691 Centre d'Eesaii en Vol. Bretlgny.sur.Org. (France)
hazards In underground personnel chalters when subjected to Lob de Medecine Aorospetiale.
pressure waves from nuclear blaets. Calculated and simulated RAPID FLIGHT VIBRATION PHENOMENA AND SPINE
acceleration time relationships are compared to safrty limits for FRACTURE$ (PHENOMENES VINRATOIREI RAPIDES IN
humans By way of aln existing nonlinear model for supine humans. VOL IT FRACTURES DU RIACHISI
the application of a general model for transient arid steady state R. Auffrot. R. P. Delahays. and J. Salvagniac in AGARD Vibration
conditions is proposed. Performance limits for transient conditions and Combined Stresses in Advan Systems Mar. 1975 5 p
are scarce. Some information may be gained by applying the ret. In FRENCH iFor availability see N75-27R85 18-51)
results from steady state experiments to transient conditions Severs vibrations leading to vertebral fractures to pilots of

Author high performance jet aircraft are examined Specifically two cases
were studied-sudden intensive accelerations causing election from

N75-27692 Centre d'Essers en Vol. Bretigny-sur.Orge (France) seats. and aircraft malfunctions or sudden rrovements as caused
Lab. de Medecici Aerospatiale. by turbulence, pilot correction procedures, aircraft control, or
ACTION OF LOW VIBRATION FREOUENCIES ON THE servomechanism malfunctions Trenel by E H W
CARDIOVASCULAR SYSTEM OF MAN [ACTION OR$
VIBRATIONSI R EASIE FREOUENCES RUN LE ISYTEME
CARDIO-VAGCULAIRE DO L*HOMMEI N17127197 Army Aeromedical Research Lab., Fort Rucker. Ala.
J. Doemange, R. Auffret, and B. Vettes In AGARD Vibration EFFECTS OF VIBRATION ON THE MUOCULOSKELETAL
and Combined Stresses in Advan. Systems Mar. 1975 5 p SYSTEM
refs In FRENCH (For availability see N75.27585 18.51) Walter M. Braunohler In AGARD Vibration and Combined

Cardiac variability in subjects exposed to low frequency Stresses in Advan. S\lstems Mar. 1975 7 p refa (For availability
mechanical vibrations was studied. Vascular response to these see N75T27685 18.51)
vibrations was also measured. Particular attention Was given to No signifIcant change occurs in bone mineral density after
physiological disorders, especially In the case of vibration 4ffe1ts short term helicopter flying. However. the Impact conditions of
on sick or wounded subjects. Measurements were made of basic physical training Induce 10% deminertillction of the distal
circulation and human performance after exposure to the ulnd. It is our impessione thet thia is a transient phenomenon.
vibraltions; some subjects were required to peiform complex Long term follow.up of helicopter pilots flying 6.5 hours/week
tasks. Tranal Iby E.H.W. over two yvers reveals no evidence of musculoskeletal strain;

however, there appears to be a trend towards demineralization

N75.27693 Kentucky Univ. Lexington. Wenner Gren Research of the distal radius. Continued monitoring of this population group
Lab. Is recommended to determine when pathological changas mayEFFECTS OF VIERATION STRESS ON THE CAR. be expected to occur. Author
DIOVASCULAR SYSTEM OF ANIMALS
Ernest P. McCutoheon in AGARD Vibration and CombinedStraesesin Advnn, Systems Mar, 1975 13 p r~efs(For availability N75-27E99 Royal Air, Force Inst. of Aviation Medicine,

see N75.27585 18.51) Farnborough (England)
Results from a recent series of Investigations on the THE RESPIRATORY AND METABOLIC EFFECTS OF

mechanisms end pathways involved in the two major typeo of CONSTANT AMPLITUDE WHOLE.BODY VIBRATION IN
physiological rleponses to mild to moderate levels of vibration MAN
exposure are reported. The majority of these studies are based G. A. Sharp, 0. A. Patrick. and W. A. Withey In AGARD Vibration
on the chronically instrumented animal preparation. In addition and Combined Stressesm in Advan, Systems Mr. 1975 6 p
to representative cerdiovascular and mechanical variables, many rets (For availability see N75-27685 18.611
of the studies include hormonlt metabolic, hemetllogical, and Nine human subjects were exposed to constant amplitude
psychological measurements in order to quantify the vibration whole body. 0 sub a vibration, for 10 minutes, at frequencies
parameters, estimate the overall stress level, identify specific of 2, 4. 5, B and 10 Hi. It was found that at 2 and 4 Hi
response patterns, and evaluate the relative dependence of pulmonary ventilation, oxygen uptake. end tidal carbon dioxide
cardiovascular changes on these factors. Author tension and heart rate were unchanged. At frequencies of 8, B

and 10 Ha, however, there was an increase in pulmonary
N75-27694 Aerospace Medical Research Labs., Wright.Patterson ventilation end in oxygen uptake. Pulmonary ventilation was
APB, Ohio. Increased in excess of the oxygen uptake, resulting In hyperventila.
LABORATORY STUDIES ON CHRONIC EFFECTS OF tion. There were no qualitative or quantitative differences in values
VIBRATION EXPOSURE of pulmonary ventilation or oxygen uptake between subjects when
D. V Sturges, D. W. Badger (Nail. Inst. for Occupational Safety unrastrained end whon fully restrained on the vibrator. Most
and Health. Cincinnati), R. N. Slae,. aend D. C. Wasserman (Natl. subjects esperisnoed discomfort or ptin during exposure to
Inst. for Occupational Safety and Health, Cincinnall) In AGARD frequencies of B. 8 and 10 Hz. It is considered that this pain
Vibration and Combined Stresses in Advan Systems Mar. 1975 induced the observed hyperventilation. The Increase in oxygen
2 p refs (For availability set N75-27685 18.51) uptake Is thought to be related to the tensing of musculature.

Rhesus monkeys were chronically exposed to sinusoidal Author
vibration in the Z axis Gastroirotestinal bleeding and lowered
hismetocrits were noted during exposure. Multiple lesions of the
gastric mucoCi were seen at necropsy The impression is one N75-27g99 Southampton Univ. (England) Human Factors
of early erosive hemorrhaging gastric lesions with subsequent Research Unit
adjustment to the stress and resultant healing of the l(tions. A STUDY OF VIBRATION, PILOT VISION AND HELICOPTER

Author ACCIDENTS
Michael J. Griffin In AGARD Vibration end Combined Strensse

N7B.27SB5 National Inst. for Occupational Safety and Health, in Advan. Systems Met 1975 10 p refs (For availability see
Cincinnati. Ohio. N75-27685 1B.51)
SERUM AND URINE CHANGES IN MACACA MULATTA A siaies of experiments has been conducted to investigate
FOLLOWING PROLONGED EXPOSURE TO 12 Hi, 1.6 9 the hypothesis that the occurrence of helilooptere flying into wires
VIBRATION Is associated with vibration having a detrimental effect on pilot
D. W Badger. D. V Sturges (Aerospaces Mad. Ra. Lab. ,R N visual acuity. The research commenoed with an investigation of
Slarve iAerospace Md. Raes Lob.) and D. E. Wasserman In the evidence for the problem by surveying the incidence of wire
AGARD VIbration and Combined Stresses in Advan. Systems strikes and determining the conditions in which they occur. The
Mar. 1975 3 p refs (For availability sea N75-27685 18-51) secosid study measured pilot visual acuity during flight in two

Serum arid urine changes in male rhesus monkeys were different helicopter types It wes concluded that under normal
measured before, during. and after exposure to 12 Hz. 1 5 g conditions the lo0e Of visual acuity in these two helicopters was
vibration 5 hours daily for 130 hours Marked erythrocyte loes unlikely to be a major cause of wire strikes. The third investigation
occurred in 10 exposed animals within 3 weeks, probably asl a resulted in the detailed specification of the vibration experi-
result of extensive gastrointestinal losions Serum albumin globulin enced in the Scout AH Mk 1 helicopter. Particular emphasis
ratios decreased. Similar values for 13 controls were unchanged was placed on the changes in vibration with the various flight
during this time. No evidence of renal impairment was seen conditions and the differences between pilots and between
since serum creatnine was unchanged and hemalturli. increased eaircraft of the same type The final series of experiments ware
protainuria and urine sediment morphology were either absent designed to dstermine the minimum lereis of vibration which
"or not changed. Author would affect visual aculty Author
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51 LIFE SCIENCES (GENERAL)IN7S.27700 Aerospace Medical Research Labs.. Wright.Patterson and second, during episodes of heavy vibration. turbulence or
AFS, Ohio disorientation. a small instrument becomes extremely difficult to
MECHANISMS OF VIBRATION EFFECTS ON AINCREW read. This paper describes a device which projects a line or bar
PERFORMANCE of light from beside the pilot's head forward onto the insltru- I
Richard W. Shoenberger In AGARD Vibration and Combined ment panel. The line is epproximately one to four inches wide
Stresses In Advin. Systems Mar. 1975 9 p rate (For availability and subtends 160 . 170 dog of arc from the pilot's head, so
ste N7 A-27885 18.51) that it extends well Into his peripheral vision. The light source

The effects of vibration on a variety of human performance is driven by servomotors which are controlled from the aircraft's
tasks are reviewed. Research is categorized with relpect to the Inertial gyros, such that the bar of light seen by the pilot duplicate*
predominant performance requirements of the tasks investigated, the pitch and roll motions of the real horizon outside the cockpit.
and results ate evaluated in order to determine which aspects The advantages of this display are. visibility during turbulence
of taok performance isensory input, central processing. and motor and vibration. visibility while looking at other instruments, and
output) are affected by vibration Interference. This procedure reduction of the pilot's workload by making use of the neural
teveals that the vast majority of vibration effects occur for tasks programming which naturally orients us with the horizon.
which require fine sensory discrimination or precise motor Author
response, or both; only a very few studies show effects which
can be attributed to Interference with intellectual or cognitive
functions, On the basis of logical analyses of differential vibration N76-27704 Federal Inst. for Occupational Safety and Accident
effects on variorU types of tasks it is suggested that the Research, Dortmund (Welt Germany).
predominant mechanism for vibration performance effects is direct A REVIEW OF BIOMICHANICAL MODELS FOR THE
mechanical Interference with functions occurring in the input EVALUATION OF VIBRATION STRESS
and output stages of operator performance tasks. Vibration effects Wolfgang Lange In AGARD Vibration and Combined Stresses
on tasks which are primarily Intellectual in nature and have minimal In Advan Systems Mar, 1375 5 p refs (For availability see
sensorlmotor requirements are discussed in relation to generalized N75,27895 18.51)
strves mechanism$, Recent research is described In which Physical resonances of the human body or of its parta under
analytical decomposition of reaction time measures mode It vibration correlate with subjective responses. Siodynomic models
possible to definitively isolate vibration effects on peripheral and can be calculated from data of vibration investigationa. Several
central performance functions within a single task. Author such models are discussed. The models differ in their degreea

of freedom, in their mass, elasticity and damper elements. and
N1S.27701 Dayton Univ. Research Inst., Ohio. in the way these elements are coupled. A further important
PERFORMANCE AND PHYSIOLOGICAL EFFECTS OF parameter is the linearity or nonlinearity of the model. For the
COMBINED STRESS INCLUDING VIBRATION evaluation of vibratory stress it is necessary to establish
J. C. Guignard In AGARD Vibration and Combined Stresses In physiological and/or psychological criteria which correlate with
Advan. Systems Mar. 1975 8 p refs (For availability see biomechanical responses that can be simulated by models. Several
N75.22815 11.511 methods for evaluating vibration stress aor discussed and

Whole body vibration affectu human task performance by compared. Author
two main mechanisms: peripherally, by mechanical Interference
at the point of contact between the man and hits task; and N79.277050 National Aeronautics and Spae Administration
centrally, by burdening the brain with irrelevant sensory Informs- Langley Research Center, Langley Station, Va.
tlion. In the latter regard, the action of vibration Is in some AN ELEMENTARY PSYCHOPHYIICAL MODEL TO PREDICT
ways akin to that of nloise. Any particuiar affect of vibration on RIDE COMFORT IN THE COMBINED STRESS OF MULTIPLE
performance depends on many factors, including the physical DEGREEi OF FREEDOM
characteristics of the vibration, the nature of the task and the Ralph W. Stone, Jr In AGARD Vibration and Combined Stressa
skill and motivation of the performer, time, and the presence of In Advan. Systems Mar, 1975 7 p rats (For availability see
other stressful agents or circumstances, Unfortunately, our N75,27885 18-.11
ignorance of the psychophysiologiaol mechanisms by which The quality of airplane rides probably will become Increasingly
vibration degrades particular kinds of task performance Is still Important to passengers, particularly in terminal area operations
profound, end our knowledge for the most pert qualitative in and on short haul trips. The development of models to predict
nature That Is mainly because much laboratory based research ride comfort is considered. An elementary model concept is
into the psychophyslologlosi actions of vibration suffers from presented heroin and compared with subjective ride comfort I
the lack of an appropriate standardized methodology and of response ratings measured on actual scheduled airline flights
complete and proper measurements of the vibratory forces and simulated flights. Author
affecting the man at the time when his performance is being
evaluated. Author N75-2770S Kentucky Unlv., Lexington.

MODELS OF THE CARDIOVASCULAR SYSTIM UNDER
N75.27702 Medical Research Council, Cambridge (England), WHOLE BODY VIBRATION STRESi
EFFECTS OF DURATION OF VERTICAL VIRATION Charles F. Knepp In AGARD Vibration end Combined Stresses
BEYOND THE PROPOSED 1IO "FATIGUE.DECREASED in Advan. Systems Mar. 197t 13 p refs (For availability see
PROFICIENCY" TIME, ON THE PERFORMANCE OF NTS-27685 18.61)
VARIOUS TASKS Five major mechanisms can be listed as the main factors
R. T Wilkinson and R. Gray (RAE, Farnborough. England) In responsible for producing alterations in the circulatory system
AGARD Vibration and Combined Stresses in Adven. Systems exposed to vibration. The mechanisms important for vibration
Mar. 1975 5 p refs (For availability "e N75-27085 1 i-51) stress of a given waveform, frequency, displacement. acceleration.

Six subjects carried out four 3.hour sessions of performance transmitted force. axis. and duration are: (1 reaction of the
tasks, two with continuous 5 Hz. 1.2 m/s squared rms vertical fluid end vessel system; 12) reaction of large body organ systems
vibration arnd two under stalic conditions. There wee no general and the musculoakeletal system; (3) reaction of the mochanorecep.
support for a prediction from the proposed SO curves of tore; 141 reaction of the hormonal metabolic and hemitological
fatigue-dereased proficiency (FDP) that vibration can lower systems; and (5) reaction modification through the central
proficiency as a function of duration of exposure. However, nervous system and the psychophysiological pathways. Analytical
vibration associated with a 1 -hour vigilance task and knowledge efforts are reviewed as they relate to the five mechanisms listed
of results decreseed proficiency towards the end of the 3-hour above end current efforts in modeling the hydrodynamic aspects
work period Author of the cardiovascular system are discussed in order to 6stimiate

Its relative contrlbutlnn to the total changes in arterial pressures
and flows masured in animals exposed to whole body sinusoidal
vlibration, Author

N75-27703 Advisory Group for Aeronautical Research and
Development. Parls (France), N76.27707 Systems Technology. Inc. Hawthorne. Calif
PERIPHERAL VISION ARTIFICIAL HORIZON DISPLAY EVALUATING DIODYNAMIC INTERFERENCE WITH

OPERATIONAL CREWS
R. Malcolm. K. E. Money, and P. Anderson In Its Vibration and Henry R. Jsx and R. Wade Allen In AGAFRD Vibration and
Combined Stresses in Advan. Systems Mar. 1975 3 p ref Combined Stresses in Advan. Systems Mar. 1975 18 p rats
(For availability see N75-27885 18-51) (For availability see N75-27605 1E-51)

The artificial horizon instrument currently used in aircraft A review is made of operational situations in whioh blodynamic
suffers from two shortcomings: the pilot cannot obtain continuous interference with orraewe is a problem. and it is shown that
information from it. since he must alao look at other instruments there is a large contrast between thts information needed to
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evaluate these problems In operational situations versus that sudlogram was made of the serial luminary tones. Detailed results
available from existing laboratory research. A structure and means are given in tabular form. Transl. by E.H.W.
for extrapolating the large and growing empirical data base Is
discussed Some progress in work along these lines Is presented.
including Systems performance models for interrelating the many N75.27712 Centre do Recherche% do Mecine Aoronoutique.
variablee: refined biomechanical models for analyzing vibration Paris (France).
feadthrough to controls in closed loop manual teeks; and EFFECT OF LOW FREQUENCY AERIAL VIBRATION$ ON
procedures for Including habitability or ride ratings in the overall NOCTURNAL ACTIVITY OF A RAT IFFITY D'UNE
evaluations. Author EXPOSITION A DES VIBRATIONS AERIINNEI OS BASS[

PRUQUENCE SUR LVACTIVITE NOCTURNE DU RATI
N79.27709 Advisory Group for Aeronautical Research and P Psqluies and J. Nothie In AGARD Vibration end Comboi'rdStresses in Advan. Systems Mar 1975 4 p rafs in FRENCH
Development, Paris (Francel (For ilablity see N76-27585 19.51)
THE ISO GUIDE FOR THE EVALUATION OF HUMAN Orvaiont see made o ct ty eWHOLE BODY VIINATION EXPOSURK Observations were made of rat nocturnai actity afterexposure to general aerial vibrations The rats were exposed forG Hobbart In #is Vibration and Combined Strvirves in Advari eight hours to vinusoidel vibrations at a pressure of 147 dE
Systems Mar. 1975 6 p refs (For availability see N75.27flB5 and at frequencies of S. 18, end 32 Ha. Results indluate the
18-51) vibrations were not loud enough to severeily influence nighttime

It exists a demand for regulations to evaluate the vibration activity, however, some Increases lad decreasesl wore noted
exposure of human beings. Although the knowledge of the human depending on exposure level, Tranll by EHW,reaction Is not sufficient for all cases of vibration exposure. experts
from ten countries discussed a standard which gives a guide for 171127713 Erlangen'Nuremberg Univ (West Germany)
the evalualion. As this standard is agreed by the ISO-Council
and it is now going to be printed, the backgroiund of this standard VISNATIlE LANGUAGE
and the most Important details are reported. Author Wolf D. Keldel rin AGARD Vibration end Combined Stresses

In Advan. Systems Mar 1975 9 p raefs (For availability see
N7S-27709 Royal Aircraft Establishment, Fornborough (England). N75.27665 11.51)
Human Engineering Div. A brief review of the work done to develop vibratese languages
PRqOPOSED LIMITS FOR EXPOSURE TO WHOLE BODY Is given. A special type of vibratess language is descrlbed using
VEROTICAL VIMRATIONT 01 TO 1W0 OY the v. Bekesy model of the cochlea. Here the frequency range
Geoff Allen In AGARD Vibration and Combined Stresses In of speech is adapted to that of the vibrotactile system without
Advan. Systems Mar. 1975 11 p rats (For availability see changing the time domain so that the speech communication
N75.27685 18.11) by means of a mechenical stintulation of the skin of the human

The need for design standards for civil and military vehicles forearm can be performed In real time. A highly eophisticatsd
to cover human reaction to vibration below 1 Hi Is outlined. omputer program lor the LINC I or POP 12 has been written
Limits are proposed against two criteria; tha first, to prevent for this purpose. Author
severe discomfort mergaes at 1 Hi with the 01D2831 exposure
limit: the second, to prevent reduced comfort merges at I Hi N71.211-5722# Advisory Group for Aerospace Research end
with the DIS2631 reduced comfort boundary. Because or lack Development, Paris (France),
of information, limits have been given for 25 minute and 8 hour CURRENT STATUS IN AlEROSPACI MEDICINE
durliton* only, and it has not been possible Io suggest values Wilton L, Jones. ad, (NASA. Washington) May 1075 75 p
for the preservation of working efficiency. The informalion on refs Presented at the Aerospace Mod. Panel Meeting, Naples,
which the proposals are based Is outlined, namely some twenty 18.20 Sep, 1974
laboratory and field investigations and critical reviews, yielding (AGARD.CP.154) Avail: NTIS
about fifty dats points. Considering the approximate nature of Papers are presented which discuss the following topics:
some of the information it is relatively consistent, and reinforces habitability factors In the design of future space systems, selection
previous asslrtlons that the critical frequency range for motion problems, arid health and career managemenl ismues in thls military
sickneas Is below 0.5 Hr. Author services. For Individual titles, see N75.29723 through NIB.

29729.
N71.27710 Boeing Co.. Wichita. Kena.
RIDE QUALITY OF CREW MANNED MILITARY AIRCRAFT

Stanley H. Brumephini in AGARD Vibration and Combined N17119723 United Aircraft Corp., Weashington. D.C. Hamilton
Stresses In Advan Systems Mar 1975 7 p etal (For xvvrlability Stenderd Dlv.see N75.27685 118.51) SPACE UPI SUPPORT TECHNOLOGY FOR A MODULAR

Rids quality criteria are compared in terms of both short INTEGRATED UTILITY SYSTEM
teri land extended term crew performance decremet thresholds Edwin J. Wulff In AGARD Current Status in Aerospace Med.Flight tand date are Included which illustrate the capability to May 1975 8 p rfle (For availability see N75-29722 20-81)

modify aircraft response to gusts through ride control ystaems. Spade watir puiicton mntel dontrol hystimn developed to
Rlquirements to strengthen anolicaltion of existing criteria to provide naner purification. waste digpoeal, haeting, cooling,
design of airplane ride control systems are given. Chief among contmmeialnt control, And power goeneted prora , onsidered for
these areas are the need for improved ability to handle human Commeroial application. An earth otiontod program, Modulr
response to frequencies of vibration below 1.0 Ha end in validation Integrated Utility System (MIUS), designed to rsoycie energyof thresholdn for txtended exposure to vibration Test dots are through the integration of utility services in 6 single plant that
also dtscuhsed which thow the need to vonsider impTct of ride provides solid and liquid waste treatment, water purifilation.
environment on time to womplete crew tookns in addition to the domestic hot water, sIr condilioning and space heatling, and
more frequent concern with impict on performancs adriron electricity is described. The modularity of the MIUS concept Is

Author adaptable to military and disaster-trolef applications and makes
possible the desired technology transfer from the spacs program
to the utility needs of the loes developed nations Author

N79.27711 Centra do Recherches do Medicine Aeroneutique.
Paris (France).
STUDY OF MAN'S PHYSIOLOGICAL RESPONSE TO
EXPOSURE TO INFRA-IOUND LIVELS OF 130 df (ETUDE N7-11-2724 European Space Technology Center. Noordwijk
CHIZ L'HOMMI DES IFFETE PHYSIOLOGIOUES D'UNE (Netherlndsl).
EXPOSITION A DES NIVEAUX N1R1-ONORE11 DE HABITABILITY DESIGN IN EUROPi'S IPACELAS: A
1a0 30D STATUS REPOOT
P. Borredon. J. Nothis. and A Gibort In AGARD Vibration A. 8. Thompson In AGARD Current Status in Aerospace Med.
and Combined Stresses in Advan Systems Mar. 1975 13 p May 1975 7 p refs (For availability see N75-29722 20-51)
refs in FRENCH (For availability see N75-27985 18,91) The habitability date obtained on previous manned apace

Infresound effects on the physiological funstions of men, missions, particularly Skylab ire reviewed in terms of the Spaclaib
after a 50 minute exposure period, were Investigated. Special module design, both Interior environment and laboratory
efforts were made to observe circutlatory reactions and summarize architecture. Unresolved hlbitability problems concerning the lack
totally the action of aerial Infrasonic vibrations. Measurements of up-to-date anthropometric data on males and females and
wets made of lime response to a luminous solicitation, cardiac potential motion sizknroo during the first days of weightlessness
frequency. and maximum and minimum erterlal pressure An ere considered, J.M.S.
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N7S.*5725* Notional Aeronautics and Space Administration, Wr S1aves Ring. Jan185 W Brinkley. end Frank A Noyes in

Washington. D.C. AGARD Biorlyn. Response to Windblost Jul. 1975 B p tofts-1
A SUMMARY OF SKYLAB FINDING$ OF INTEREST TO iFor availability see N75-32716 23-51)
LIFE SCIENTISTS The USAP noncombat election experience during the period
Walton L Jones In AGAJID Current Status In Aerospace Mod. 1969- 1973 Is reviewed attempting to chareoterire the incidence.
May 1975 16 p refs (For avail ability see N76-22722 20-51) distribution, significancer. arid mechanism of flail Injuries The

Thre medical finding., of the Skylab mission are discussed overall Incidenrce of flail injury is 7% in which 4% involved inj~uries
along with the habitability. marn machine factors, and the reliability of a major type. The distribution of Injfuries Is ciraracteritud by '
of Skylab life sutpport systems. Author 11) an absence of major head and nock flail injury. (12 a

predominanca of proximal over distal rinjury. and (3) in rnarked
N76-29726 Italisn Air Force Aerospace Medical Canter. Rome. contrast to earlier data. a sligirt rrredaminarrue of upper over
PRELIMINARY RESEARCH ON SODY DISPLACEMENT lower extremity flail injury. The importance of analylthig the forces
DURING LUNAR WALKING acting upon tire limibs as weli as having a clear understanding
A Scano and A Castettani In AGARD Current Status in of the mechanisms of faiure is discussed and tire reed ltr
Aerospace Med May 1975 6 p refa lFor availahility see imiproved iutrrr restrainrts is amphasired Author
N75-29722 20-51)

A 16 mm film taken during Scott's and Irwin'& walk on the N76-327116 Italian Air Force Military School of Aviation
surface of the moon is employed to analyse body displacement Medicine, Rome.

j Iduring l unar walking. The technique and results are described. SURVEY ON MIODYNAMI C RESPONSE TO WINDSLASTJ.M.S. IN UJECTION~i PATHOGENETIC MECHANISM, ANALYSIS
AND PREVENTION OF INJURIES

N7B.20727 School of Aerospace Medicine. Brooks APB, Tax. asetono Rotondo In AGARD Slodyn. Response to WIndblasl
Biodynomics Branch. Jul. 1975 9 p refs (For availability sne N76-32718 23t-51)
THE PLUS Go PROTECTIVE METHODS FOR USE IN Injuries caused by windbiest durirrg escape by ejection mset
ADVANCED FIGHTER-ATTACK AIRCRAFT from high speed jet aircraft are analysed along with traumatic
Robert W. Kruti, Jr,, Sidney 0. Loevartt, Jr., Russell A. Burton. Injuries suffered by aicorews within the cockpit of airetafts foilowing
and John W. Eunis In AGARD Current Status In Aerosoace accidental loss or sudden opening of the canopy or after its
Med. May 1978 7 p rola (For availability see N75.29722 explosion In-flight. The pathogenetic meochanisms of the Injuries
20.51) caused by windblost are etamined along with the relative limits

of human tolerance and the systems which could be employedMethos o ehanc aceleatio toerace ad potetio
are reviewed. Emphasis Is placed an the following anti*O devices end Improved to Increase human resistance to verarodnenic

or techniques: 0)I the L. I straining maneuver, (2) positive pressure pressure of the wind. Emphasis Is placed on the prevention end
ofeathig,(3 low rbod.andlol Infain (4enfr preesurasation reductiorn of the fatality of these injuries. Author

6 N75-32719 Defence and Civil Inst. of Environmental Medicine.Downs~iew (Ontario).ACCIDENT STATISTICS RELEVANT TO WINOSLASTN7-272 SholofAeopae edcne BoosAPE. Tex. R, E. Noble and S. W. Olsen in AGARD Siodyn. Response to
Windblost Jul. 1975 4 p refs (For availability sea N75-32715

VASCULAR DISHEMSE Duigt3-eio 6-94ijuiswatsgnfcn
Malcolm C Lancaster In AGARD Current Status In Aerospace Drn h eid18-94ijre aeegrfcnproblems in ejections from Canadiatn Forces (CF) aircraft. There

Mod My 197 5p ot (Fr valabliy otN75-29722 were ninety nonfatal ejections. Of these, eight crew mnemrbeirs
isprpoedtodl`1o1pevn escaped free from injuries, sixty-three received minor Injuries.

thAeiu combnsed uencsk apofc Is hprpce vatua delas rpe Iven. and nineteen received serious injuries. An analysis of the injury
the aperioauh consiqecstso e of risk vasculrar taprdictas inividual patterns indicates that they occurred at both low and highThe pprachconist of se ofris fater tha prdic Iniviualspeeds. Specific problems are addressed and recommendationssusceptibility to IVO and a set of proven interventions directed aer made to enhance bircrow safety during ejection. Author

Vat specific risk factors. J.M.S.

N79-29729 Defense Capt.. Washington, D.C. Office of theN7.20 oaNvlScetfcerceLnonEgld.
Assistant Secrefary of Doefens for Health and Enivironment. N7T.-32720 GCA RoyECT OFva WINOtfi Sevc, Lon ST FROMand
A STUDY ON MEDICAL OFFICER CAREER MANAGEMENT CATONVENTION OAL A FET fWND NUCLEA EFROSMN
AND RETENTION IN THE USA ARMED FORCES CONVEN RaTIONALI AN AD SCIodn.R esos to Windblas
John E. Murphy tIn AGARO Current Status in Aerospace Mod. Jut 197 P. paln ref For avalabiity Resone N to371 23-fills
May 1976 13 p refe (For availability esee N75-29722 20-51)u.17 os(o viaiiysnN53752-1

Factors which Influence career management and retention The potho-phygiological effect of wind blast resulting from
of medical officers In the Armed Forces are Identified. Verious conventional and nuclear explosion* are analyzed and related to
matheimailcal techniques were used to Identify the individual the effects of wind blast encountered In high speed aircraft

goal ofmedcal ffiersand he elaionsip f tese oal toejections end in airborne aircraft breakup. and to some instancesgines o meica oficer an th reatinshi ofthee galsof ground Impact. It Is suggested that data derived from studiesselected aspects of a military career. Results include informationofepsiebstfecsmyonruetoheniyiofacat
on the perceptions and exrpectatioins of young triedical officers accxoidens band efct a onrbt to the developmen of prtaiv q iprentlo
toward a career In the Arme'f Forces. Specific potential policy thecrdewts, anof hihe p eerformance air protft. v Aquipethlor
changes are evaluated In terms of Improved career management tecoso ihpromnearrf.Ato
and Increased retention of medical officer. Author

N75-32721 Centre d'Essais en Vol. Brefigriy-sur-Orge Mogntej.
INJURIEIS 0O41ERVED FOLLOWING HIGH-611EEO EJEC-

N78.32716# Advisory Group loi Aerospace Research and TIONG IN THE FRENCH AIR FORCE ILESI18ONBOSERVERS
Development, Paris (France). APRES EJECTION A GRANDE VITESSE DAN$ LARM1EE
SIODYNAMIC RESPONSE TO WINOSLAIT 0E L'AIR FRANCAISEJ
D. H. Giloster, ad. (RAF Inst. of Avill~on Med ) Jul. 1975 R. P. Dslahoye Il-opital Begin), B. Vottes. end R. Aufiret In
07 p refs In ENGLISH and panly In FRENCH Canf. held at AiJARD Siodyn. Response to Windbiast Jul. 1975 S p refs
Toronto, 0 May 1975 In FRENCH (For availability see N71$.32715 23-51)
IAOARD-CP. 1701 Avail NTIS IC 5478 A review is presented concerning 256 ejections from French

The specific problem of windbiast is considered as It affects Air Force aircraft at speeds ranging between 0 and 750 knots,
human tolerance to high speed ejection. Topics discussed include: that took place between 11960 and 1974. This following overall
prevalence of election Injury, Intjury mechanisms, protection, end statistics are given 47 ejections j18 %) were fatal, while 200
problems of head reritraint end helmet loss. For Individual titles. (82 %) ware successful. A total of 130 helmets 1511 %) and
"se N75-3211t7 thruiugh N75-32720. 30 masks, 0B %) were lost. In the case of ejections performed

at speeds above 400 knots (23 caents) sir blast effects Increase
1175-32717 Aerospace Medical Research Labs., Wright -Pattersonr the aseverity of injuries to personnel and damage to equipment.
APE, Ohio. The percentage of fatalities remains at 18 %. while the percentage
USAF NON-COMBAT EJECTION EXPERIENCE 19"5.1*73 of injured aircorws reaches 78 % (aso opposed to an overall
INCIDENCE, DISTRIBUTION, SIGNIFICANCE AND percentage of 35 %1: 78% of helmets and 40% of treaks are
MECHANISM OF FLAIL INJURY lost. Only one pilot eanded unhurt Injuries range from no.
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chymoses to avulslon of limbs. The above date agrees fairly N78-11603#l Advisory Group for Aeroepace Research and
well with comparable data from other air forces. Three cases Developmeot. Paris (Francel,
art discussed in detail. Transi. by YJ.A. RADIATION HAZARDS

Aug. 1975 149 p refs Presented at a Lctur Series In The
N75-32722 Royal Aircraft Establlshment. Farrborough JEngland). Nethedlands, 22-23 Sep 1976, Germany. 25-21 Sap. 1975,
Engineering Physics Dept and Norway. 20.30 Sep. 1975 Sponsored by the Aeroepace
WINDULAST: PROTECTION FOR THE HEAD BY MEANS Mild. Panel and the Consultant and Exchange Programme of
OF A FABRIC HOOD AGARD
J M. Rayne in AGARO Biodyn Response to Windblast Jul (AGARD-LS-71) Avail: NTIS HC $6.00
1975 10 p refs (For availability see N75-32716 23-51) There has been a remarkable development end Increase in

Wind tunnel experiments and operational experience Indicate the number of processes and devices that utilize or emill
that currant helmets are lost during ejection as a result of non-lonizing radiation which Includes ultra-violet, vislible light.
windblast. Ihe feasibility is studied of protecting the head from infraredd, microwave, radiofrequency, ultrasound. This series
exposure to blast by means of an atutomatically erected fabric provides a scientifically accurate, authoritative review and critical
hood It Is shown that such a hood placed over the face of a analysia of the available information and concepts to give a
dummy test subject drapes the hood effectivlly on exposure to basic for Informed judgements and judicious nppllcatlon of theoe
blast, and prevents the loss of even simple helmet assemblies anergles for maximal benefit and minimum rick or huard to
up to Mach 1. Author man. For individual titles, se N76-1194 through N76.11704,

N76.21723 Royal Air Force Inst. of Aviation Medicine.
Farnborough lEngland) NTS.1164 Rochestatr Univ. N.Y. School of Medicine and
AN ARM RESTRAINT SYSTEM FOR EJECTION SEATS IN Denitistry.
HIGH PERFORMANCE AIRCRAFT PATHOPHYSIOLOGIC ASPECTS OF EIXPOSURIE TO
P. H. R. Gill In AGARD Ul8odyn. Response to Wlndblast Jul. MICROWAVE
1975 4 p refs (For availability see N75-32710 23-511) Set M. Mlcheollon In AGARD Radiation Hazards Aug. 1975

A restraint system designed for high performance aircraft 7 p refs (For availability see N76.11693 02-51)
from which ejlection at high speed@ Is likely Is described. The B*dy temperature increas during exposure to microwave#
systeim evolved comprises a seat portion consisting of two fixed Is explored. Awarenesa of microwave exposure Is developed by
Ietgth tape., and a man portion incorporated into a sleeved tile several meachanisms, Including outanaouls therrinal senisation or
preserver, Each seal tape is enclosed in a fabric tube which pain, Cataracts were produced In some eusperimentall animals.
allows automatic disconnection of the two portions during primarily rabbils, when the eyes were directly exposed to rather
emergency ground egross. The system functions on ejection by high power density of microwaves over periods ranging from
retracting the arms in a similar manner to lag restraint systems several minutes to hours. Microwave effects on the tests was
The developmeant, testing and performance of the system is studied, along with chromosome changes, hemstoolesls. and
described. Limited studies have demonstrated that the proposed cardiovascular effects. J.A.M.
ratl of arm retraction is physiologically acceptlable both with
the hands on the firing handle and under simulated commendeld N76-1111114 Bristol General Hospital lEngland).
election, The arm restraint tapes can be routed unobtrusively to PHYSICAL ASPECTS - ULTRASOUND
prevent interaction upon routine cockpit movement during normal B.N.T. Wlllit AGARO Radiation Hlzllds Aug. 1975 7 p
flight. The performance of the arm restraInt system during eljection refs (For T llsvilability Radat N i7 n aa11693 02- A91)
testsl using dummies Is also described. Author Ultrasound, which Is a form of energy consisting of mechanical

vibrations the frequencies of which lie above the range of human

N7B32724 Payne. Inc., Annapolis, Md. heatirng, travels through media in the form of waves. At frequencies

ON PUSHING SACK THE FRONTIER10S OF FLAIL INJURY of tens to hundreds of kilohertz, ultrasound may be generated

Peter R. Payne In AGARO Slodyn. Response to Windbiest and detected by magnetostricllon; at higher frequencies.
Jullr. 17 7P rane (FoAGArO availabilitynsee N7oni 6 22.51d piezoelectric, and particularly ferroolectric, transducers are used.
Jul. 197cm 7 p refs (For vilmblilty inur NU.S327p16 23ec11) At megahertz frequencies, ultrasonic powers amr most conveniently

Undse r s ombt conditions, limb ale l Injury in U.S. open elaction measured by radiation pressure detectors, or by calorlmetry. In
seats Is shown to be a severe problem. Adequate passive biological soft tissuec. ultrasonic waves are usually In the
entrapment devices demonstrated in the wind tunnel and adequate longitudinal mode, and travel at velocities of around 1 500 m/s.
Nset stabilizing devices also demonstrated In full-scale wind tunnel The shape of ultrasonic field depends on the Siwe of the transducer
testing and by air drops era reviewed. An extraction escape in relation to the wavelength. Focusing systems of quite small
system is described which offers hope, not only of avoiding the dimensions can be used to produce high Intensities at megahertz
high speed problems of existing tractor rocket escape systems, frequencies. Specular reflection occurs at discontinuities In
but alslo of subetlntlaiy reducing system volume, cost, alnd weight, characteristic Impedance which are large in relation to the
as well as simplifying the flail injury problem. Author wavelength; enorgy is scattered by smaller discontinu•tilel within

biological materials. Author
N71-11729 Payne, Inc.. Annapolis. Md
EXPERIMENTAL EVALUATION OP LIMB FLAIL INITIATION
AND EJECTION S11EAT STABILITY N17.111411, Washington UnIv,. Seattle. Blollctromagnllts

Fred W. Hawker and Anthony J. Euler In AGARD Blodyn. Research Lab.Reopen" to Windblolt Jul. 1975 17 p refs (For availablity BIOPHYSICS - ENERGY ABSORPTION AND DISTRIBU-Res N7s-32715 23-51) TION
ee P. 7-tra1t 23174.-4) Arthur W. Guy In AGARD Radiation Hazards Aug. 1975

lContrecit r33615-74.C-4015)
Limb dislodgement forces were determined In free flight 14 p refs (For availability nee N78-11093 02-51)

limulation of an ejection along with the static stability of the The Interpretation of the biologicll effects observed in tissue.

seats/occupant combination, The forces and moments measured exposed to EM fields requires a complete quantitative description
w h tdin idlntll ejction of the fields within the tissues. These fields are complex functions

with ntrl~omporetrad ummies dli subjectsd iddulof the source configuration, shape and eize of the exposedseats were compared. Results are presented and discussed.
Author subject. and the frequency. The average and maximum absorbed

power density may vary over many orders of magnitude for the
same applied field intensities. Depending on conditions, power
absorption may be predominantly at the surface of the subject
or may be affecting only superficial tissues lir the Interior of the

N7.11-2726 Research Inst. of National Defence. Stockholm subject affecting deep tissues. Author

(Sweden)
HIGH SPEED IJIICTIONI WITH SAAB SEATS N76-11697 Air Force System. Command. Brooks AFB. Tax.
U. 0. Androa, E. Ek, H. Lorin, and 6. Ch. R Stroemblad In Radiation Physics Branch.
AGARD Slodyn. Response to Windbisst Jul 1975 5 p ref ELECTROMAGNETIC RADIATION EFFECTS ON THE EYE
(For availability see N75.32716 23-51)

The Swedish development work on devices to protect against John C. Mitchell In AGARD Radiation Hazards Aug. 1975
windblsst effects at high speed eljctions is surveyed. Examples 6 p refs (For availability see N76-11693 02-51)
of post. present, and future solutions are given. The Swedish The purpose Is to analyze. collectively, the EMR research
Air Force Experience with high speed jlections Is summarized. studleb on ocular effects and provide en overview of the practical

Author aspects of this problem today, The principal conclusions from
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this effort are i1) The acute thermal insult from high intensity N71-11702 Air Force Systems Command. Brooks AFB, Tou.
EMR fieds is cateractoganic if intraocular temperatures reach School of Aerospeue Medicine.
45.55 C. (2) The EMR exposure threshold is about 100- ELECTROMAGNETIC INTERFERENCE OF CARDIAC
150 mW/sq cm applied for about 60,100 minutes. (3) There PACEMAKERS
does not appear to be a cumulative effect from EMR exposures John C. Mitchell In AGARD Radiation Hazards Aug. 1976
unlees each single exposure is sufficient to produce some 10 p refs (For.availebillty see N7611693 02.51)
irreparable degree of injury to the eyes. Author The effect of electromagnetic radiation IEMR) on cardiec

pacemakers is a unique bioeffects problem. Current test
procedures, including methtods to simulate paceiaker implant

N76-1 1594 Rochester Univ., NY. Dept of Radiation Biology conditions and the use of fiber optics instrumentation techniques.
and Biophysics for cardiac simulation and pacemaker interference evaluation, are
ENDOCRINE AND CENTRAL NERVOUS SYSTEM EFFECTS presented Test results and their clinical significance are discussed
OF MICROWAVE EXPOSURE for different types of EMAR emisions including microwave ovens.
Sol M. Michaelson In AGARD RadiStion Hazards Aug 1975 electrical appliances, gasoline engine ignition, radar, and intense
8 p rele (Fot availability sea N76.11693 02-51) electromagnetic pulpe generators, Threshold values for pacemaker

Functional alterations in the niuroendocrini system of both electromagnetic Interference (EMI) range from 10 V/m for the
animals and humane exposed to microwaves were reported, more sensitive devices to greater then 300 V/m for the lose
Findings include changes in the socretions of the pituitary gland, susceptible devices Such EMI threshold values are further
adrenal cortex, thyroid gland, and the gonads In most cease, modified by the frequency and pulse width of the incident EMR
the endocrine changes attributed to microwave etoosure were signal Maximum Interference coupling appears to occur at
not adequately documented. Findings of a large number of studies frequencies between 100 and 500 MHz and the EMI threshold
were used to overstate the conclusions, or derive assumptions is Inversely proportional to pulse width over the range from one
incompatible with the cybernetic model of the function of the microsecond to several milliseconds. The ultimate biological effset
neuroendocrine system. Author Is dependent on the characteristics of the EMR source, the

proximity of the pacemaker uler to the sourOc, the attenuation
afforded by body shielding and orientation, and the scate.of-health

of the pacemaker user. The teut results presented provide

N74111-163011119 Washington Univ., Seattle. Hltitmagnetics considerable evidence that many manufaoturers h(ave recognilied
Research Lab. EMI as s potential bloeff~ets problem and have taken the necessary
MICROWAVE INDUCED ACOUSTIC EFFECTS IN MAM. corrective actions to build devices with good electromagnetic
MALIAN AUDITORY SYSTEMS compatibility. Author
Arthur W. Guy and Chuig.Kwang Chou It AGARD Radiation
Hazards Aug. 1957 17 p rfae lFor availability see N76.11093
02.51)

Pulsed microwave fields with Incident entergy densities of N76-11703 Washington Univ. Seattle. Dept. of RehabilitAtion
20 to 40 micro Joule per sq cm per pulse will produce responses Medicin
in the auditory system of men and animals similar to those ON IMP i Ac E TY HAZARDS
produced by auditory stimuli. Recent studies Indicate that the Arthur W Guy In AZARDS iaion Hazards Aug. 1976
responses may be originateid from high frequency vibrations 7 A rtfr (For avaAlabi RdaiN76-11693 0Hd-.1)indcadin he eadof ho xpoed ubjct ye ranlan thrma 7Prea(o avilalbility se I 6ll 9 2-1" induced In the hold of thi exposed subject by a transient thermal "The only two quantitative criteria presently available for settingexpansion of tissue due to the rapid absorption of the pulsed of electromagnetic pulse (EMPi safety standards ere: (1) the
microwave energy, Author ANSI C95.1 Safety Standard based on limiting thermal insult at

microwave frequencies, and (2) the thresholds for the stimulation
of excitable membranes by electric current. The first is not realistic
for application to the EMP since the Induced currents and energy
deposition In exposed tissue is not based on an applied field

N76-11700 Royal Marsden Hospital, Sutton (England), Physics amplitude and duration relationship, but II related only to the
Div. rise and fall time of the applied field pulse. The Induced currants
BIOLOGICAL EFFECTS OF ULTRASOUND in the tissues of man exposed to Impulsive electromagnetic fields
C R. Hill In AGARS Radiation Hazards Aug. 1975 4 p do not appear to be sufficient for stimulalting action potentials.
refs (For availability see N76-11193 02-51) Author

Ultrasound comprises mechanical vibrations occurring in the
frequency range above 20 kHz and extending in practice to
above 10 Hz; correspondingly, there is a very wide range of
practical applications, each with different possibilities for exposure
of human beings to ultrasonic energy. Three main areas that
are necessary to understand the possible hazards from ultrasound NDeIntist Rochester Univ.. N.Y. Shool of Medicine and
use are discussed- (1) the actual physical exposures encountered Oen CTItry.
by humans In various activities. (2) the nature of the biophysical PROTECTION GUIDES AND STANDARDS FOR MI-
interactions of ultrasound with humin tissues; and (3) the evidence CROWAVE EXPOSURE
for and against significant changes being produced in living Sol M. Micheelson In AGARD Radiation Hlazrds Aug. 1975
systems by the actlon of ultrasound. Author 6 p refs (For availability sea N76.116113 02-511

The development of adequate and operable standards requires
comprehensive evaluation of information obtained from animal
experiments and survey& of individuals exposed occupationally,
The criteria to be used in evaluating experimental reeulis of

N74-11701 Washington Univ., Seattle. Bloelectromagnltics microwave exposure and the Interitting vairlubles In such
Research Lab assessment requires the exercise of informed judgement, Since
ENGINEERING CONSIDERATIONS AND MEASURE- there are variations in the criteria used In many countries, these
MINTS have to be understood and evaluated, Guides and exposure levels
Arthur W. Guy In AGARS Radiation Hazards Aug. 1975 In force today appear to be entirely safe. So far. there Is no
36 p refs (For availability see N78-11693 02-51) documented evidence of injury to military or Industrial personnel

Quantiltetion of the biological effects in subjects exposed to or the general public from the operation end maintenance of
electromagnetic fields requires that both the fields in the radars and other RF end microwave emitting sources within the
environment and within the exposed tissues be measured. Fields 10 mW/sq cm limit of exposure. There Is no evidence of hazard
in the environment can be measured by means of standard to man from RF and microwaves under normal conditions of
off-the-shelf field survey moter sensors consisting of smell dipoles operation end exposure, Nevertheless, concern has been aroused
with diode or thermoroouple-type transducer* for converting about the safety of personnel in intense RF fields close to
microwaves or fF energy to proportional electrical signals. Fields transmitting antennas operating In the frequency bends below
and associated absorbed power density in the tissues nan be 30 MHz. Such environments are In general of a near-filld type
measured by means of thermocouples, thermistors, fiber optic which precludes the measurement of power flux. Since hazard

* liquid crystal sensors. and thermography. The quantltetion of fields evaluation In this frequency range Is a function of measurement
assoiated with exposure of test subjects can be significantly in the neer-field, attention should be paid to the problems Inherent
simplifled by a judicious choice of exposure techniques. Author In such measurement. Author
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N77.11644# Advisory Group for Aerospace Research and N77.11647# Naval Air Development Center. Warminster, Pa.
Development. Paris (France). Crew Systems Dept.
THE PATHOPHYSIOLOGY OF HIGH SUSTAINED 10 SUB PSYCHO-PHYSIOLOGICAL AND PHYSIO.CHEMICAL
a ACCELERATION, LIMITATION TO AIR COMBAT MAN- ASSESSMENT OF ACCELERATION INDUCED CHANGES
OEUVIRING AND THE USE OF CENTRIFUGES IN PER- IN HUMANS POSITIONED IN VARIOUS SEATBACK ANGLE
FORMANCE TRAINING CONFIGURATIONS
Nevill, P Clarke. ad (Texes A and M Univ., College Station) Victoria M Voge. Harald J. VonBeckh. ard Jeffry S. Bowman
and Sidney D Leverett. Jr.. ad. (School of Aerospace Mod) In AGARD The Pathophysiol. of High Sustained t-G sub zOct 197a 71 p. refs Papers presented at the Aerospace Acceleration. Limitation to Air Combat Manosuvering and the
Mod Panel Specialists' Meeting. Copenhagen. 5.9 Apr 1976 Use of Centrifuges in Performance Training Oct 1976 9 p
iAGARD-CP.1891 Avail NTIS HC A05/MF A01 refas (For primary document see N77-"11644 02.511)

The risk of significant cardinvascular chalrge to a tactical Avail NTIS HC AO5/MF AO1
fighter pilot from exposure to asrial combat accelerations such A series of hlgh-G tests were conducted on pilot/subjects
as those postulated for new high performance aircraft Is using ther mullitposturi adjustable centrifuge test seat. An increaee
Inllestigated. Miniature swine were used as animal models to In human tolerance to sustained acceleration was demonstrated
study the effects of high Sustained acceleration The seatback by employing several seat configurations. A significant increase
angle was assessed in relation to the psycho.physiological and in G tolaranne was demonstrated with each increase In asetback
physio-ihernical changes in the human body. The utilization of angle. The position of the lower legs made no significant difference,
the human centrifuge for training military pilots for air combat Toi subjects between the agas of 20 and 44 with various body
maneuvering i Ox stress Is covered Including the stress response builds and G experience took palrt. All had passed the equivalent
and stress tolerance during the maneuveis. Centrifuge training of a first clas Navy Might physical. Including complete spine
Improves the pilot's ability to effectively perform in the high G X-reys and a determination of mantel statue. Some had previous
environment. For individual titles, sen N77.1 145 through 0 experience, either operational or In the human centrifuge, others
N77. 11653. did not. They were taking no significant medications at the time

of the program, and were encouraged to eat normally. to got
sufficient rest, and to avoid alcoholic beverages. The testing was

N77.11645# School of Aerospace Medicine, Brooks AFO, Tex. carried out over a period of six weeks. The tests were carried
CHANGES IN CLINICAL CARDIOLOGIC MEASUREMENTS out air the analog computer controlled, double gimbaled, dynamic
ASSOCIATED WITH HIGH tG SUB a STRESS flight simulator which consists of a human centrifuge having a
Kent K. Gillingham and Phelps P. Crump In AGARD The fifty foot radius arm with the capability of attaining 40 G's in 7
Pathophysiol. of High Sustained i G sub z Acceleration. Limitation seconds. S.M.
to Air Combat Manoeuvering and the Use of Centrifuges in
Performance Training Oct. 1978 9 p rats (For primary document N77.11148# Royal Air Force Inst. of Aviation Medicine.
see N77-11644 02.51) Farnborough (England). Biodynamilco DivAvail: NTIS HC AOr,/MF A0 CENTRIFUGE ASSESSMENT OF A RICUNINO SEAT

Because of reports of subendocardluil hemorrhage end David H. Gtaister and Brian J, LUsher In AGARD The Pathophysiol.
myofibriliar degeneration in animals exposed to sustained high of High Sustained t-G sub a Acceleration. Limitation to Air CombatG loads, questions have been raised regarding the safety of Manoeuvering and the Use of Centrifuges in Performance Training
axposing pilots and human subjects to the similar G-stress Oct. 1975 8 p rafs (For primary documnent see N77-11644
levels likely to be encountered in the new high performance 02-51Y
fighter aircraft Noninvarive clinical cardiolur.. data. including Avail: NTIS HC A05/MF AOl
ECUs. vectorcordlogrems, systolic tirr, ,,t,,n..le. and maximal A reclining scat has been built which would give a pilot a
treadmill stress tests, were obtained from two groups of subjects significant Increase in acceleration tolerance whilst maintaining
before and it Several times after rxpivrirr to IIghOG stress. the adequate forward vision The effect of anti.O suit infltation has
group exposed to the greeter G ,iesn developed moderate been investigated using three differnirt pressure regimens, and
cutaneous petechlesis and had other minor physical findings after positive pressure breathing (PPS) has been used to counter the
the G stress, but showed fhw significant changes in cardlologlc added Inspiraltory effort which resulted from the corasiderable
data: scrurn total CPK rind LDH lvoila rose. ured prealection 0-G acceleration vector. The reclining seat alone gave an Incrosase
period ahortenad at 48 h poetsties. The group exposed to the in tolerance of 1.40 when compared with a conventional seat:
Itaser 0 street hat no symptoms following the G stress, but enti.G suit inflation afforded a further 1.0 to 1.6G; and PPB a
the vactoreardioungrmit revealed transient I loop angle changes. further 1.0G. The combination led to relaxed greyout thresholds
and preelactlon ieriod msaxurd itnt Ston woak fjos•iitrvSS wes which averaged 7.4G in nine subjects. PPB produced a significant
significantly decreased. Because tire serurn mnzyme changes were increase In vital capacity arid restored the expiratory reserve
noncardiac in origin. and tieclust the few otlher changes were volume to near normal levels. Subjectively, breathing becoame
not in a lirection iidicative of ,cardiac derrnags, the G stresses much easier. The closing volume of tire lung wns increased by
imposed were not significantly inJurioui Author acceleration, but wee not significantly affected by PPU. However,

the Increase in expiratory reserve volume with PPB should lead
to leas airway closure during tidal brgething, with a consequent
Increase in arterial osygen levels and a decreased susceptibility

N77-1164# School of Aerospace Medicine, Brouks AFB, Tax. to acceleration tstamotaoils. A seat In which a near supine position
VENTRICULAR PATHOLOGV IN SWINE AT HIGH SUS- is adopted with respect to the 0 vector, when used in conjuno.
TAINED i G SUB a tion with an anti-G suit and positive pressure breathing, will
William F. MacKenzie and Russell F. Burton In AGARD The result In a G tolerance which Is In more accord with the
Pathiophysiol. of High Sustained i G sub i Acceleration. Linitation perforinance of modern military aircraft. Author
to Air Combat Manoeuvaring and the Use of Centrifuges in
Performance Training Oct. 1976 3 p rare (For primary document N77-11648# Texas Univ., Galveston. Medical Branch.
soe N77-11844 02.51) CORONARY FLOW AND MYOCARDIAL SIOCHEMICAL
Avuii: NTIS HC AOS/MF A01 RESPONSES TO HIGH SUITAINED 10 BUD a ACCILERA-

Study of miniature swine ier.a shown two distinct types of TION
cardiac pathology as the result of exposurre to HSGz. Grossly H. L. Stone. L. A. Sordshl. R. T. Dowell, J. N. Lindsay, and H.
visible eridooardl1 hemorrhage of varying degrees of severity H. Erickson (School of Aerospace Mod,. ) n AGARD The
occur conrsistiritly. in sevore cases dimiage to Purkinje fibers is Pathophysiol. of High Sustained -0 sub z Acceleration, Limitation
adequate to explain some oif the ECG changes that have boen to Air Combat Mancoeuvering and the Use of Centrifuges in
found A stross Inyocarrloiiathy is stiro found characterized by Performance Training Oct 1976 8 p alai (For primary document
randomly distributed single or grouped, degenerate and dead see N77-11644 02.51)
muscle fibers surrounded by noirimal arpearing fibers. Electron Avail' NTIS HC A05/MF A01
microscopically the lesion is cherarterigud by profound changes In order to determine directly the myocardial response to 4 GO
in the contractile myofibrils known 0a myofibrilllr degeneration saceleration, miniature swine were used as the exporimental
These changes have also been found in Purkinji fibers, It appears subjects. Some of the animals underwent surgical implantation
that the subendocerdial hemorrhage is related to the combination of flow probes around the left circumflex coronary artery and a
of tachycardla. strong contractions (positive inotroprjm). and a soid-state pressure transducer in the left ventricular cavity. All
hypovolernic ventricle. The stress myocardiopathy has a distinctly of the unencathstized instrumented subjects were esxposed to
different and complex etiology. The ultrastructural lesions are rnultipl + Gz acceleration levels for 60 to 120 seconds ona snot indicativel of a primary hypoxlc Insult although hvpoxis human ,centrifuge. Other subjects were exposed to a single
undoubtedly contributes. Author acceleration level for 120 seconds and the hearts removed for
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biochemical analyais I to 2 hours later. Mitochondria end a not pull high sustained G. Therefore a centrifuge program was
lymosomal fraction were isolated from the left ventricle of all initiated in order to train pilota at high sustained G end at
animals Mitochondriet analysis of ADPI.0 ratio. respiratory ACM 0. The profile used wes as followse Il s-3 Gz/ 15 sac
control index IRCII. oxygen uptaek (0021 and caloium uptake this weet an orientation run iII order to familiarize the pilot with
wir t made Free and bound acid phosphittaso measurements the centrifuge environment: 12)1 5 dz/46 sac - this extended

nio ade iii the lysosomeal fraction Left circumiflex coronary run wes dlebigned to enable the pilot to learn to pace his breathing
artery flow (LCCFI. heart rate (HR). left ventricular presaure ii.VP). end strainitng maneuver properly while being exposed to G
arid the rate of rise of LVP (P). were measured in the instrumental sufficient to cause the Gnti-G! suit to inflate: (3) a final ACM
eninrels. LVP and HR increased at all levels of acceleration studied type profile that exposed him initially to I 5 Gz/110 sec and
while P increased Initially but would decline latrrr. LCCF decreased thaon proceeded to 16 G:/30 sec, decelerated to 15 0:/tO0
at oil levels of acceleration stress The rnttochondrial ADP:0 sec and finally the centrifuge was brought to a halt. Under
ratio and the ACI were kinchanged but the 002 and calcium these conditions the 92 pilots' heart rate and rhythm wes
uptake were increased at 9 1 Ci: Free acid lrhoslriatasri increased continuously monitored. Resting heart rats for this larger group
at the same level of accelerationi Author prior to initiation of the run averaged 115.93 bpm. While the

meximum heart rate at 1S Gil wee 187.04 bpm in ail instances
using a students Motst, the P value Is -. 001 when the heart

M77-11050# Ohio Stale Univ.. Columbus. Coil,. of Veterinary rates at any G level are compared to the proeirun control heart
Medicine, rates. All of the pilots were able to complete the proposed
EFFECT OF SUSTAINED IG SUB a ACCELERATION ON series of runs after receiving trainitng by -he centrifuge group
CARDIAC OUTPUT AND FRACTIONATION OF CARDIAC without a lose of vision, Author
OUTPUT IN AWAKE MINIATURE SWINE

Mo. nAAD TePohpAil fHg Sustained STRESS RESPONSE1111181 AND STRESS TOLERANCE IN
G sb Aceertin.Limtaio t Ar omatMancouvering FIGHTER PILOTS DURING S 0 MANOEUVERS

6 es(o rmr ouettoN716402-52) utie u ceeain iiaint l Combtha
AalNTIS HIC AOb/MVF A01 Manoeuvering and the Use of Centrifuges In Performance Training

Efecs f usaiedI a n arle rytmand output, Oct. 11976 8 11 (For primary document see N77-1 1644 02-5 1)
an a facioatonofcrdscoupu IO)weestudied In 12 Avail: NTIS HIC AO5/IvI AOl

I 30: orEEG and EKG have been monitored from 260 active fightur
S~. O ndit slarotinswee eaurdby Injecting pilots flying combat training Involving repeated 6 0 t'jrns and

radiolabelad microspharos Into th, ef es triumi Percentage of CO puliups. 80 students and 9 pilots hove been monitored while
perluving most organs fell precipitously during i 513,1i while that riding In the beck seat of two sevater fighters going through the

rc to re heart increased by twofold and that to tire pelvic riusijulature earns manosuvers. More than half of thoes pilots who had
rermained nearly constant At 1 301 percentage perfusing most committed pilots error were unconsoious with convulsions
organs fell, but that to heart and oll skeletal muscie rose twofold, following 6 G manoeuvers. Gross EEiG changes were seern Ii
When regional flow decreased, it decreased most to the eye, the EEG. Studies of the EKGO end heart rate Illustrates the
anrd iiext itr liver, setubrurin, and renal cortex It decreased least cardlo-vascular response. The weli suited pillots haed a quick
to. the midbrain. splasn, renal madulla and gut The profound response with Increase of heart rate when needed to maintain
chantles in CO and fractionation of CO in awake miniature swine adequate blood supply to the brain. The unsuited groups
mubiected to i Gs may represent a summiration of: reflex response. demonstrate a siow, unsufficient cerdlac response leeding to
a waterfall affect, or deformation of nutrient arteries. Authior brain-anoxie unconsciousness and convulsion. The student pilots

r. end the 9 pilots feli In the same two different categories Indicating
N77-165# Cntr diStui aRicacheIIIMedcin Aeonatia basic difference in the functioning of ftheslautoomic nervous

N7Spatial#. Fluen(tralyt) ia. iacadiMdcieAroat system In thesei two groups. Ato

UTILIZATION OF HUMAN CENTRIFUGE FOR TRAINING
MILITARY PILOTS IN THE EXECUTION OF PROTECTIVE
STRAINING MANEUVERS
C. A. Flamacci and G. Meinuri In AGAHU The Paltrophysiol.
of High Sustained 0 sub aAcceleration, Limitation to Air Combat
Menuouvaririg arid the Use of Centrifuges In Perfortmance Training
Oct 1978 3 p l~or primar document soe N77-1 11644 02.6 11
Avail NTIS HC AOS/MF A0l

The iriportancev of thu uiliitatiorr of human centrifuges iii
thre training of pilots in a rational execution of protective straining
mraneuvers is investigated. A group of young rmiiitaiy pilots were
submitted to i Cl: for comparatively long durations. During the
first cn'.rtrifiige run tire cubjects were Instiucted to refrain from
psrformrinig 'lily voluntary straining maneues. Later. the saein
oubiriittr ware subrrniltrtv to the seine acceuieration paltarin.
iscurairpaiied. this il i41 by the execution uf tins aforesaid
snarliing maneuvers LAIKINUre to G Were repeleted Changes in
porloifnainirce end Ini toiIr'.nnce to G wane evaluated by recording
nrmorphoiogical chanrger% of EXG arid heart rate Subjective feelings
of pilots were recorded. Author

N77-11t62# School of AcuOspace Medicine, Brooks AFO, Tax.
Sioctynamics Branch.
THE USE OF A FIXED SASS SIMULATOR AS A TRAINING

DEVICE FOR HIGH S"STAINED OR ACIM IIIIlA COMBAT
S. Leerat. r ad R R.Burton In AGARO The Patiroptiysiol.
of ighSusaind IG sb zAcceleration, Limitation to Air Combat
ManOLIVrin an th Us ofCentrifuges In Performance Training

Oct. 1976 6 p rfat (For primary document see N77. 11644
02-51)
Avail NTIS I-C AOS/MF AOl

The Imposition of i G: stress on 92 highiy experienced tactical
ait command fighter pilots Is Investigated. A typical ciass nf 22
of these pilots had an aevrage of 1351 66 fighter hoirss and
were 29.04 yasis of age Ii oI a 0 54i. 111 this same class of
22 fighter pilots they estimated the highest G that they had
aver puiled was I or - 9.0 Gz for 5.4 sec. From this data It
wee apDArent that fighter pilots flying the F4E Phantom let did
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52 AEROSPACE MEDICINE N76.17934# Advisory Group for Aerospace Research and
Development, Paris (Franca).

Includes physiological factors: biological effects of radiation: AN ANTHROPOMITRIC SURVEY OF 2000 ROYAL AIR
and weightlessness FORCE AIRCRIW. 1970/71

C. B. Bolton (RAE), M. Kenward (Loughborough Univ.), R, E.
Simpson (RAE), and G. M. Turner )RAF) Dec. 1974 84 p
refs
(AGARD-AG-181: AGARDograph-181) Avail: NTIS HC $4.75

N74.21718# Advisory Group for Aerospace Research and An anthropometric survey of 2000 Royal Ai- Force sircrew
Development Paris (France) personnel was conducted. Comparisons of miens of certain
MAN AT HiGH SUSTAINED i Gr ACCELERATION body dimensions are shown for surveys conducted during periods
It R Burton (School of Aerospore Mud ), S D Leverett. Jr from 1944 to 1971. The apparatus used on the procedures for1School of Aerospace Med). rd E 0 MuIhIrelorS (Mt SneaJ conducting the measurements are reported. Other subjectsHep ofar Mail I. and E DMidiscussed inolude the following: (1) sociological data, 12) theIAGARDMAGr190; AGARDograph. 190) Avail NTIS HC $4.75 choice of mearrermenrti, (3) dats recoding and processing, and
CSCL 06P (4) check meariurements. Photographs of subjects being measured

Men has tolerated .gGt for 45 sec and , 8Gz for SO are provided. Results of the measurements are tabulated.
seconds. Physiological changes and tolerance limits in a sustained Author
high acceleration environment are expressed by (1) high heart
rate: (2) reduction in Sa02. (3) cardiac arrhythmia, and (4) subjact
fatigue The effects of HSG era marked in terms of gas exchange N75-23150# Advisory Group for Aerospace Research and
and arterial hypoxla Fatigue appears to be the critical factor Development. Paris (France).
regarding human imitations to HSG, and arterisl deaaturetion SPINAL INJURY AFTER EJECTION
appears to be the limiting factor in subjects using a reclining R. Auffret and R. P. Delshaye Feb. 1975 59 p refs
seat to prevent fatigue. Author [AGARD-AR.72) Avail: NTIS HC $4.25

The statistical results of a survey conducted by 7 NATO
Nations ore analyzed, and the death rate as well as the rate

N74.26632# Advisoiy Group for Aerospace Research and and distribution ol rachis fractures are given. Anatomical and
Development, Paris (Francs). Aerospace Medical Panel. physiological aspects ar. reviewed, and the pathogenic mechanism
HILICOPTIR AINCREW FATIGUE of fractures Is discussed. In molt cases, it is difficult to determine
I. C. Perry, ad. May 1974 25 p refe whether the Iachia fractures occur when the eat is released or

(AGARD.AR.69) Avail; NTIS HC $4.25 CSCL 05E at landing. The pilot's position In the seat plays a fundamental
A study wea conducted to provide: (1) a definition of avltor role in the success of the esection. The radiological aspects of

fatigue. (2) a fist of the effects of fatigue on operational rachis fractures are described, and the streas is laid on the
effectiveness. (3) a statement of causal factors end diagnostic difference between stable and urinslable fracturet, The therapy

criteria, (4) a statement of preventive measures. and (5) applied and the durations of unavailability from duty are Indicated.
statement of methods of treatment of aviltor fatigue. These An Xray eaminion of the whole spine Is recommended Alter
specific elms were accomplished and are presented. In addition, each iection. Author
the results are given of an aircorw opinion questionnaire and a
review of 120 helicopter accidents .. N71-25735# Advisory Group for Aerospace R.aeeroh and

Development, Ptits (Francs).
TREA.DMILL EXERCISE TESTING AT THE USAF SCHOOL
OF AEROSPACE MEDICINEi PHYSIOLOGICAL RE-

N74-34570# Advisory Group for Aerospace Research and IPON1ES IN AIRCREWMIN AND THE DITECTION OF
0evelopment, Paris (France). LATENT CORONARY ARTERY DISEAIIS
OPERATIONAL ASPECTS OF VARIATIONS IN ALE1RT. V. F. Froellaher (School of Aerospace Mod.), F. Yanowitz (Sohool
NESS of Aerospace Med.), A. J. Thompson (School of Aerospace Med.).
Bryce 0. Hartman Slchool of Aerospace Mod.), William F. Storm and M. C. Lancaster (Sohool of Aerospace Med I May 1975
(School of Aerospace Mad.). John E. Vanderveeri (School of a5 p refs
Aerospace Mod.), Ernestirre Vaindarivaen (School of Aerospace (AGARD-AG.210, AGARDograph-210) Avail: NTIS HC $4.25
Modi), Henry B. Hale (School of Aerospace Mad), and Ralph R. Dooplts the selective nature of the USAF flying population,
Bollinger (School of Aerospace Mod.) Aug. 1974 42 p refs coronary heart disease Is the leading disease cause of death.
(AGARD-AG-t8g; AGARDograph-109) Avail: NTIS HC $5.25 disability and removal from flying duties. The purpose is to present

Variations In alertness undoubtedly affect operator perform the experience of the United States Air Force School of Aerospace
ance. sometimes to a degree which significantly degrades Medicine (USAFSAM) In the use of treadmill exercise for
operational effectilvenss. Alertness Is a biological state with evaluating asyiriptomatio alrcrrwmen. The monograph consists
behavioral, nourophysiologial end biochemical elements. Related of separate studies involving aspects of treadmill testing experience
states are vigilance, attention. and arousal. This monograph at the USAFSAM including descriptions of techniques. For
summarizes the literature on thace tropics. as well ais the influence
of various environments on alertness levels, spontaneous
fluctuations in alertness, and effects of such variation on operator N75-29737 Advisory G roup, for Aerospace Researoh andperformance. The environments under consideration include long Development, Paris (France)duration flights. flights at night, monotonous tasks, solitude, mild PHYSIOLOGICAL PARAMETERS OF EXERCISE PERFORM.hypoxla. and variations in thermal conditions in a flight compart- ANCEment. Author /i ifs Treadmill Exercise Testing at tire USAF School of Aerospace

Med. May 1975 p 1-14 (For availability see N75.29736 20-52)
When tochnology became available to collect and analyze

expired air, the measurement of maximal oxygen consumption
N75-17079# Advisory Group for Aerospace Research and (VO2 max) was considered advantageous In evalueting functional
Development. Paris (France). capacity. Tests were specifically designed to measure this
SURVEY OF CURRENT CARDIOVASCULAR AND RE- physiologicial parameter. Maximal aeroblc working capacity is
SPIRATORY EXAMINATION METHODS IN MEDICAL defined as the work level at which oxygen consumed fails to
SELECTION AND CONTROL OF AIRCREW increase linearly with further Increases in workload and tire
A. Scono (Scoula Militare dil Sanrit Aeronautics, Roma) Dec. oxygen consumption at this poirt is called VO2 max. A study
1974 139 p refs was designed to compare V02 max and other physiological
iAGAR0.AG-1u5; AGARDograph-196) Avail: NTIS HC $5i.75 parameters ineasurad during three standard protocols and to

Procedures for conducting thc physicul examinatlon of aircrew evaluate tire reproducibility of each. Author
personnel to determine the condition of cardiovascular and
respiratory systems are discussed The esamination methods are N71.29738 Advisory Group for Aerospace Research and
Identified by the country in which performed. Charts wre developed Development. Paris (France).
which summarlir the procedures with respect to: i1) the method ELECTROCA RDIOORAPHIC AGPECTS OF EXERCISE
used, (2) the tim. (3) the techniques for Implementation, (4) TESTING
the limits of reliability, (6) tire weight conferred on each rest, In Its Treadmill Exercise Testing at the USAF School of Aerospace
and (6) en evaluation of the results. P.N F. Med. May 1976 p 14.60 rafe IFor availability eoa N75-29736
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With additional experience and reevaluation of the original of the globe. e~pecall trom tire t-or Law.t one must expectn
criteria. emphasis was placed on the importance of ST segment cares of food poisoninrg in the sit traffic more. often then from
depression as the primary sign of rmyocardiaul ischerria A table othefr countriesi Author
summarizes the studies screening agymp.tomotic men using the
double Masler's test or a test with a comperrible workload. N76-14752 Bayerisch~i Landesimpfarratalt. Munich (West i
These studies included follow-up data and It is apparent that Germany)
postexercise ST segment depression identified a high risk group IMPORTATION, DIAGNOSIS AND TREIATMEINT OF
of miern The epidemiologicali terms used to describs the SMALLPOX, CHOLERA AND LEPROSY

~Tpeorformances of screening tests aercadfimed. Author H- Cht Huber. V Hoclistein-Minrrtel, slid H Stickel It AGARD
Aernomdicot Imrplications of Recent Experience with Comnmu-
nricable Disease Sep 1976 4 p refs (For availability see

N76-14758# Advisory Group for Aeroirpace Research and N76-14758 05-52)
Development, Paris if'rarrcei iis15) oa t1 cas of smiallpox haye been
AEROMEDICAL IMPLICATIONS OF RECENT EXPERIENCE Inirrrodrcnid ritia tieFFG Tire final diagnosis wee usualiy delayed
WITH COMMUNICABLE DISEASE untii' tIe Otl dey after tliae onset ot clinical symptoms Tire
R. E. Mammen, ad, (Naval Aerospace aird Reogional Med. Center, diagnosIs of veriole must be supported by epidemiological data
Peneacola. Fla.) Sep. 1975 88 ps reff; Cool. held at Toronto. end laboratory tes11ts Epidemiologicidale refetor to travel in endemic

R iCanada, 7.8 May 1975 erees. the probability arid time of contact, and the resulting
(AGARD*CP.1419l Ava~ll NTIS HG 55.00 Incubation period. Laboratory examination Is usually restrictedEpidemiology, detection end diagnosis, treatment end to three tosts. serological examination for hemegglutinatlonprevention of infectious ditseses of aeromedlcal Interest aer Inhibiting antibodies electron Microscopy of skin scrjpings. and
discussed. For Individual titles. sent N78.t14759 through N75- virus Isolationr on the chorioellontoic membrene of embryonated
14773 eggs. The importation of cialrosraend leprosy bears minor problems

as to the possible spread of the diseases. Introduction of cholera
N74-14759 Ingtilut fuer Wehrmendlictin und Hygiene. K~oblenz caninot be avoided by public health measures. An ondemic spread,

(Wes Geniery).however, does not need t0 be considered in countries of
(ePIEIOOI RI UKFACTRS O FLUSH-RECYCLE apprrrpriate standards of public hygiene The prognosis of the

I.TOILETS IN AIRCRAFT diseses is quiite favorable. provided that proper therapy Is Initiated
Wolfgang H. Fischer /in AGARD Aeromediciri Implications of in thxj early stages. Author
Rlecent Experience with Communicable Diseasei Sep. 1975 2 pe
lFor availability seei N78-14756 05.52) NIS-14703 Deutschre Lutifihariss Aktiengesellschaft. Frankfurt

In connection with emergency air transports from areas of am Main (West Gernmeny) L
low hygienic standards and presence of importent Infectious TASOTTO YARO AS EE AIN
diseestes, laboratory tests and tieid trials disclosed a number of IN 1974
serious hygienic deficiencies which were taking an exceedinglyHutH.lee no rAG D Armdclimiains?
critical course during middle range and tong distance flights end Recenrt Esparlentir with Commnunicable Disease Sep 1075 5 p
also by exposal oh ground servicing personal and vehicles tort Fraelblt seN51780.2 .
infectious waste materiel Ill13 shown that toilet sanitation syslenrei ai ao.as nw saveiu ies n aaa
presently used in aildiners do not meet the standards required disase. leeasokonas reonzdf rtenevirust dismee e1 nd Cealss
foiayflistr thhelh o lfetoperatind r p resented Comndy thleir Nigeria. Its fatlit ratio has been high in 'clinically observed

saniaryfluds ot oilt oeraionarepreentd ed teircases: 10 out of 27 infected physicians aird medicai workers
quality discussed. RecommendslaIIons are given to improve the died of it. The person-to-pirrson transmissioni probably takes piece
aircraft toilet sanirietjn Author when airborne viruses frorm thie sore mucous meinibrances In

N6170Air France, Paris. Service Medical Central tihe mouth end pharynx are expelled by breathing, talking and
THN75-1475O0ASEGESWIHCOTGIU coughing. A German patient With areonavirus, D,-. Mendrella. was

TRANPORATIO OFPASSNGES WIH CNTAGOUStiarisported train Nigeria to Germany In March 11974. by Condor
DISEASES ON AIRLINERS ILE TRANSPORT OfS MALADES Boeing 707-430 manned by a voiunteer flitgit crew of Lufthanrsa
CONTAGIEUIX EN AVION DE LIONIITeseilpeaaino ~epln opesr rnmsino
Michel Penin iii AGARtO Aeromedical lnplIrcatifls of Recent Teseilpeaaino iepaet rvn rnmsino
Experience with Commurnicabie 0isease Sep 1976 8 p refs airborne viruses to tine flilght crew andi other measures taken
In FRENCH. ENGLISH 11urrrmary (For availability see N76-14758 against contamnlration wili Ire described Aiuthor

05-521
The problems related to tire trairsportastiorr of passngers N76.14764 Air Transport Corniirrend. Trenoni (Ointario).

withr contagious diseases on airlinaer were discussed. It Wee IIAISA FEVER: TO AIR EVACUATE OR NOT

pointed out thret the refusal of iroost airlines to transport such A. J1 Clayton lit AGARD Aerorrredical Imrplications of Recent
pessonijars can scarcely he justified by reference to either laws Experienrce withr Cormmrunticable Diseases Sep 1975 4 p refs
or regjulationrs. It linrtoduces the risk of arbitrary. riritaken. or (For availability see N7B t14758 05-52)
pnrejudiced conduct and it call cause sarious florini to certain The chniricl featuresa of Leasea Fever are briefiy discusse
patients It also does not seemn logical since airiines letrn about and tIrlsepidemriotlogy of hisl disease ist outlirrrd with respect to
only af small fraction of tire coirtagious pers5ons who travel, and tire live recoirded oultbeaks birtwesir 19119 and 1974 (ire
pubiic hrealth is much more greatly enrdanrgered by unknrown Canradianr Goverrimenrt having becomne involved itt two potential
contagious persons it wast concluded tiate airlines shoutld contintue air evacuationrs oit patienits fronri Weot Africa is coircernad over

in ~to refuse to trarrsport only those passerngers having diseases tle risks to iriedical flighrt teciris andi receviniig hrospitlt personnel
characterized by vomiting or serious diarrhea or trans~mitted Itt the savant of cases of Leasse Faver being repiatriated to
throughr tire sir. if It is Imptossible by simrple nrsanti to avoid the Canada A survey isI beliru carriedl out oni Caliadian Forces :cig

Lirisk of contaminatinrg other travellers and flighrt craw members ranrge transport aircisr af tottudy tire irricrobiolcrgical enrvironmensit
who might be receptive. Author within two types of aircraft during Nlights by dispersing non-

pathogenic organilsms. Thre obijective is to dleterminrie tirea ottinurn
location for a patilirnt wirir a highjlly irlectiuut; disasee and to

N76. 1474l1 Johan n Wnllgang -Goothe Urrivorrxitat, Frankfurt antesr rirrrltsrnrsaiomririir.Ato
Main iWrist Germanry).
FOOD POISONING OBSERVED WITH AIRPLANE CREW
AND PASSENGERS DEPENDING ON AIRPLANE OPERA-
TIONS N70.14765 School ol Aerospace Merdicinre. Brooks AFB. Talk
H Schrubirrt In AGARD Aerorriediccli lrrplicatrarrs of Rlecernt Epidemioiogy Div.
Fliperionce with Communrnicable Diseaso Sep 1975 3 1)torql INTERNATIONAL QUARANTINE FOR CONTROL OF
(Foir availability sont N76-14758 05-52) MOSOUITOSNORNE DISEASES ON GUAM

Marry food poisoniings can mrore easily be cerised during air Wesiey It. Nowell Iii AGARD Aeroniredicai Imrplicationrs of
pierre operatiorns. They calr create evein mrtore serious problems Recent Experience with Coinmtuiticabie Disease Sol) 1975 8
than air earthr In tills contractionr they can he caused during the p refs IFor avaniabiliry sees N78-14758 05-52)
flight if it is of ilong dlurationri nti evenr brring aboutri tho symtritorris Tile initial rmosquito Survey nil Guamr cornductedt it 1936

Pfof tirea illrness More freqiieirtly, honwever tihey have hiren acquired revealed tire presence of live irrrigeiritii spacies Subboruerin
ibeforet Somretimres If gastrointestirnal disturlbinrrco. tilia traveiller"', surveys showed a serady clnuum to fifteeni secsies ii, 1989. and
disease. can be observed appealing like a lood puouisorrlrrhu a dramratic )urrtp to thrirtylfive by 1972 Japarno~ru 8 enicephralitie.
breing sirrnl in thre orriginral sense On flighltm fromr certain regions and filarissis, live limitrary itoeniiuito-iimnrro oiieasex knouwn In
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occur on Pacific islands. have been found on Guam. and trends including travels abroad and residences in endemic areas of
of the diseases are empha'sized The Island of Guam is centrally Coccidicidonrycosls can be established, a clue pointing to the
located in the Western Pacific arid aircraft ara implicated In the true nature of the disoss-e may be obtained. Author

V ~~introductions of now mosquito species. Chronic problems (Ws4erei
asoitdwith aarcraft quarantine inspectiorn; and innect control N76-14769 Institute of Aviation Medicine, Fuesrxtnfledbruck

of now mosquito species and their 1138ociatcd diseases aer THE INDUCTION OF INTERFERON AND SPECIFIC
dliscussed Author SMALLPOX IMMUNITY BY ORAL IMMUNIZATION WITH

NIS.14760 School of Aerospace Medicine. Brooks AFFB. Tex. LIVE ATEUAE POXai-in l V IyRUSad Stickd In AGARD
ANdmilg EP DEiCvFCIUGNAINTEP IPN Aerornedicai Inplications of Racent Experience with Coinuniuxi
ISANEPDS:E OSIC L L OF CI NA IRCRATH PHILIPPINAE cubie Disease Sop 1915 5 p refs Prepared iii cooperation
TISLND:PSILROEO AICAT ISE N- with Inst. flear Mikrobioi . Muencirun (West GarroanVi (Pot
Georg .LtrpedPu .doio/ GR eoelc availablity see N78-14768 05-52)

Gerg . ahrp n Pu J Hme nAGR A mDisease In tile human. oral immunization with live attenuated virus
Implications of Recent Experience with Communiuable Dsaewas affected by the ad niinist ration of virus-containing tablets.
Sep. 1975 6 ps rafs (For availability sea N76-147613 05 52) ThIrcdr asdn noadefc npiayvcie

Twin outbreaks of chikungunys. a Group A arbovirus. are Tepoeuecssdn noadefc npiayvciearreyze tht ocurrd o theIslnd f Neroy Reubii oftheSubsequent skin testing and conventionral cutancousl vaccination
Phapnayedtat d curing 196n the9 EIsademoloNgicrata derubive ofrome resulted In accelerated takes, demrlonstrating successful oral
Pintpieres, derologic and8 vir.Eidologic tetigahwdthat yeiedfoun pro-immunization. Attenuated heteroiogourr POK virus was shown

intevies, eroogi. an violoic ootng sowe tht yungto rave s high interferon inducing capacity. Induction wee optimal
and middle aged people ware inmmunologically susceptible, and
that the disease was transmitted In three week waves by the whon tire virus was appiied to the mucolum membranes of the

nroeuit, Adeeaibpicos.irieranialevienc sugesed hatoral cavity. Clinical trials shlowed significant effects of Interforon
acsquirdrntrnit duces tlopl anfapprentia 1920 nc c siungensteidthat induction in recurrent herpetic infections. Oral application of

acquredImmnit du to n aparnt 920chiknguva pidmicvaccines needs neither trained staff nor medical equipment. It
accounted far a lower attack rats in the elderly population, confers short term iron-specific protection from disease. followed
Cirikungunys was probably introduned into Negros Iry aircraft orlb pcfcImnt h sa otaIcia ogt 11111O

shis fom ania, her a maler utbeakhadbee doumetedvaccinationl need riot be oibeerved. Untoward effects, quite common
in 1967-1 968. The outbreaks on Negros subsided naturally prior to routine rmethodsa. are rot to be expected. Author
to Increased mosquito abatement and public health control
measures. Unconfirmed clinical evidence suggested that the
disease was disseminated into the adjacent Islands of Cebut and N76-14770 Crrtreo Principal d'Esparif sm Meodic ales dlu Personnel
Mendasao. Authror Navigant, Parisi Iprancal.

INCIDENCE OF INFECTIOUS TROPICAL DISEASES
N76-476 Baericho andstripfnstat, unih (estDIAGNOSED OIN FLYING PERSONNEL [IMPORTANCE DE
N7S.476 SaericiraLanesipfsstai. Mnicr (estLA PATHOLOGIE INFECTIEUSE D-ORIGINE TROPICALE

Germany).DAI IXETE E C,.EO PESN LNVI
THE ATTENUATED LIVE SMALLPOX VACCINE, STRAIN DASLJETS EI.,EO ESNE AI
MVA RESULYS OF EXPERIMENTAL AND CLINICAL GANT)

STUDIESR. Carre, J. Patacq-Crouzet. A. Dirtier, arid J. Bastion In AGARDSTUIESAeromedicat Imlir-ications of Recent Experience with Common-
V. Hochistein-Mintzei. H. Stickel. A. Mayr, H. Chr. Huber. H. Icable Disease Sap. 1975 6 ps In FRENCH (For availability
Schaefeir. and A Holznesi /ir AGARD Aeronredicel Inmplications see N76.14758 06.52)
of Recent Experience with Communicable Disease Sep. 1975Sttsiadtao hindecofnetoutrpaliess
5 p refs Prepared iii cooperation with Inst. fuar Mikr~bioI.. Statiostica data n the iniodec 16 tof172a infetiou t moidiseases

Muenhan(Wes Genian~l For vaiabilty ee N6-1768arid commercial flight crews wasl presented. The personnel
06-52)exmnilned were those making regular trips to Africa. Madagascar,

in an attempt to bansically sliear and improve smallpox the West Indies. and Reunion Island. The, two diseases most
*vaccination. the use of oir attenuated strain of vaccines virusIwdl eetdWr mboi 16css nldn 3svr

was proposed. Attenarrson was effected through mn:re than 500 widesly detectd wnte iere andbiosi ss 110 casies, icuing 1h Itsevere
continuous passages in chrick embryo fibroblast cultures. Animal trct)ase noed maain the liver .a nd casdis loalieveds inates withira
esperirnents showed the complete absence of neurovirulence for tractphandc malari c45matses inoludients) Thsvee floases withe
the etlenustad strain. The favorable experimental results led to ecparasiic dsands ceeobatseriovemetd . Thlaziai ae s) foloing tlrer
a field study of primary vaccinations In the human. The p 4arasiti dseoaols( ases)w, osrvd btoglharlasis Il cases), liarnd
recommended procedure was to administer 0 I mln of attenuated 14 cosa.atomiatsis 12 cases) , M strcutngeousdisasies Ietcased. ande
smallpox vcintatioy 7oltowe 28 convlaernthona reultsayneou of bacterial origin. Viral hepatitis was widely obeerved oir personnelsmalpoxvaccnaton to 8 caislate Th reultsmovberaving travelled in Africa, arid dengue was diagirsead orr military
suirrnaoriced as follows: the locfil reaction to the attenuated vaccine personnel returning from the Pacific. Y.J.A.
irnrely amou.-ited to slighr reddening and infiltration at the site
of inrjection wirth comphiri absence of typicai vaccinal lesions. N76-14771 Tropen Inst.. Homburg (West Germanry)
Uintoward systemic reccirr.ri were not observed. Tire subsequent DIAGNOSTIC METHODS IN TROPICAL MEDICINE
cutaneous vaccinatio~n i,:ulted in 84% mrajor reactions 3nd 9% Werner Mohr In AGARD Aeromedical Iniplicationsi of Recent
equivocal reectiorns tSový?n percent runiinrared negative. 78% of Experience with Communicable DI~Eesa31 Sep. 1975 3 p (For
tire lik~es wemre of tlie i(icceleratenl typo. giving evidence of the availability see N76-114768 05-62)
Imnimunizing capacity of tire atternuateud strain. Author The doctor .onsulted by parsons returning froit overseas

countries should have a certain knowledge of geographical
medicine i-l must know in which regions en the globe malaria

N76.476 insitue o Avitior Mdicie. uertenfidbuckoccurs, and where intestinal diseases ate prevalent A precise
N76-476 Insitue o Avit~o Meicin, Fersonfedbrckenamiresis of the patient's Itinerary Is most essential. During

(West Germany). tha physloal examination the examiner is likely to recognise a
COCCIDiOIDOMYCOSIS AND AVIATION number of symptoms which will help him along diagnoutlceily.
G. Apel and V. Griruls fii AGARD Aenomnedical Implications of lit1 Rashes and dlschromle: (2) edemas: (31) lever; (4) enlargement
Recent Experience with Communicable Disease Sep 1975 3 pa of the liver; 15) enlargemeirt of the spleen; IS) respiratory ithanges;
refs Prepared in cooperation with Inst of Petirol. , oninVenusbarg (7) changes in stool (idarrhea): and (8I changes In urine

iWest Genrmanyl (For availablirty see N76- 14758 05-521)ientmet aebtafw Author
In the age of transatlantic travel arnd rmsss tourism it mcen

nor be precluded that Coccidioidomlyrrisis will be bmrought to
ai its on tire globe in which this disease lies hitherto been N76-t*772 Bayerieche Landesirrrpfansralt. Munrich (N~est
unknown. Since the incubation period will last Iwo to three Gerrmarny)
weeks arid occasionally also four weeks, the disease will frequently THE THREAT OP TROPICAL DISEASES AND PARASITOSES
occur only after air passengers have lrig returned to their home ISOME EPIDEMIOLOGICAL AND CLINICAL ASPECTS)
cournmnreu Considerirng the .iriking similarity With, the clini1cal picture G. T. Werner. H. Chr H-uber, H. Sticki, arid V Hochotein-Mintrel
of pulrncnaiiv tubercliosis. it is not surprising that ml Europe the In AGARD Asiromedical Implications of Recent Experience with
disease is diagnosed as tuberculosis, even more so since Camlorniuic able Disease Sell t975 5 p) rafs (For availability
tuberrcuiinerion may ofteii be positiver. The patientsi are then see N76-14758 05-52)
subjectetd to an anti tuberculous therapy. which necessarily must The rapid Increase of travels to the warm countries has
remain Aithoit success in such cases if an exact case history brought the threar of tropical diseases to our doorsi Furthermore
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a great number of people are in employment overseas Besides, N76.17788 Ohio State Univ. Columbus. Dept of Ulolaryngol-
tho continuous influx of lirborrur. students or immigrants from ogy
tropical countries carn create new merticel problems There is rro TTS IN MAN FROM A 24-HOUR EXPOSURE TO AN OCTAVE
real danger that tropical disesese. tre !lapg to cause epidemics BAND OF NOISE CENTERED AT 4 kilz
in the highly developed countrOes. as the hygienic standards prevent William Melnick In AGARD Effects of Long Duration Noise
generalized outbreaks Thinrre is, however. a substantial danger Exposure on Hearing and Health Nov 1975 8 ri refs (For
in the indtividual cava due to missed or delayed ritisgnosrs and availability see N76,17786 08.52)
treatment Reviewed tire those tropical diseases whnuh are (Contract F33616.71.C.4049)
Vrprporturt triquently or which present trioblurns iir the sinliln case. (AMRL-TIR.-75.3)
Cosimopolitan rmiseases which tire niore common io the tropics. Seven nien were exposed to 24 hourn; of continuous noise
like hepatitis. polio. tubUcMiiorss are excluded Author in a sound field The noise wvru an octave band tentered at

4 kHz at two octave baind levels. 80 and 85 db Hearing thresholds
N76-14773 Tropsirn triar . Hritriril (West Germrany) were measured In one ear at II test frequencies ranging from
AIR TRAFFIC AND THE PROBLEM OF IMPORTATION UF 250 to 10.000 Hz prior to exposure and at selected intervals
DISEASES FROM THE TROPICS d ater exposure. Temporary threshold shift (TTS) reachedWarner Mohr /In AGARS Aeromedical Implications of Recent during andateepor.Tmorythsolsit T8recd

Wernr Mhr i AARDAermedcal rirlictios o Reentasymptotic levels between 8 and 12 hours of exposure. AesultsExp,)rlence with Comrmunicable Disease Sep. 1975 3 p lFor ymttalvsbewn8ad1 huofepor.Relt
spvinabi wity N oimnb Dieas Sep.1976 rindicate that maximrum TTS occurs at 4 and 6 kHz. Asymptotic

Itaisabnoity pssie to 1475t 05rh) alevels at the 80 db exsiosure level are 9.7 db for 4 kHz and
It Is nort possible to deal wiuh oll diseases which could be 7.7 db for 6 kHz. With the 85 db noise level, these levels areimported from the tropics to Europe or the temperate climate 18.4 db and 16.5 db. respectively. Threshold shift for this subjectzones, respectively However. helminthic diseases should be group Is less than would be expected from results of previous

referred 1. briefly. The most frequent end important ones among
them are hookworm Infestation, bllharziosis lschistosoniasls) in Investigations, and Is attributed to subject sampling bias. Author

all its various forms, and ftilarissi. Time and agsin It can be
observed that persons returning from the tropics may have
contrasted a variety of Infectious diseases, especially Intestinal N71.17781 Italian Air Force Mediolt Service nf the 2d Air
parasites. There are a number of measures that should be taken Region, Rome SanItary Group tlt Aerobrlgle.
to give protection against the diseases described above (1) PROTECTIVE EFFECTS IN MEN OF BRAIN CORTEX
Protective inoculation against certain diseases and prophylactic GANGLIOTIDEE ON THE HEARING LOFS INDUCED NY
medication, (2) It is of great importance to instruct physicians GANLEVEL1 ON THE
at home, i.e. in the temperate climate zones, in tropical diseases IG ManHarD and G. A. Molinari (PSdua Univ., Italy) In AGARD
and their diagnos, and (3) any person on return from the tropics Effects of Long Duration Noise Exposure on Hearing and Health
should be subject to a close medical examination, in particular
when such a person suffered from any disturbances of health Nov. 1975 n p refs (For avaolanbilty see e N7o177se16 08n52)

during his stay in the tropics or is still suffering from such It Is known that the prolonged exposur to noise of intensity

disturbances. Author greater than 70-80 denlbels produces a temporary rise of the
acoustic threshold (TTS). Ganglloaides, (glycolipids which seem
to Interfere wltth the tranmisslior of nervous Impulse), were used

N'16-17718# Advisory Group for Aerospace Research and In preventing TTS rise By means of genglioside administration,
Development, Poris (France), a possible interference on the traumatizing effect of noise on
EFFECTS OF LONG DURATION NOISE EXPOSURE ON the cochlea was observed alnd studied. Following otologic and

HEARING AND HEALTH audlometric examination, 20 healthy male subjects were chosen.

Milton A. Whiltcomb, ad (NSF) Nov. 1975 94 p refs Presertend The TTS2 was tcalculoted, both in basal conditions and after
at the Aerospace Mod. Panel Specialists Meeting, Toronto, 8 May ganglilolde administration. Results indicate that the gartiglosides.
1978 administered in opportune doses and modtlitleu, are capable of
(AGARD-CP-171) Avail: NTIS HC S5.OO preventing in all subjects the physiological ris-i in the hearing

There can be no doubt that noise exposures of durations threshold after exposure to noise. In contrast, tire toontreated
greater than eight hours present a hazard to the hearing of air subjetis in the same experimental conditions have either the
crews flying noisy aircraft arid, partliculerly. for those more same TTS2 or show a large shift. Therefore, the positive failure
susceptible crew rnermfbers. Noise reduction around NATO airports In shift. occurIng In the treated patients, Is moat probably due

to Insure public health Is examined. Date are examined on the to gangliollde uffect. Author

Incidence of stress-induced pathologies such as ulcero or emotional
disorders for th'Jso exposed to long-duration noise, as compared N76-17790 Minnesota Univ, Minneapolis. Hearing Research
to nonnolse exposed Individuals. Flight crews exposed to such Lab.
long durations of noise were monitored both audiometrlselly and STUDIES OF ASYMPTOTIC TTS
for abnormal incidence of cardiovascular disease. ulcers, and other W. Dixon Ward In AGARD Effects of Lung Duration Noise
psychosornatlin complaints Long-dcuration noise exposure to the Exposure on Hearing and Health Nov. 1975 7 p refs Sponsored
moderate levels of noise that occur in aircraft cockpits was also by Nall Inst. for Ocoupational Safety and Health (For availability
studied The iindamental mechanisms causing cochlear damage see N78-17780 08-52)
(mechanical , nd biological) are uritically examined. For individual Ten young tiormal-hearing listeners were subjected to a series
titles 5ea N76-17787 through N76-17799. of exposures to 4000-Hz noise for noriods ranging from 2 to

24 hours The asymptotic TTS (temporary threshold shift) was

N76.17717 Ohio State Univ.. Columbus. Dept of Otolaryngol- always reached in 8-12 hours with no suggestion of a sharp

oly. Increase between 8 and 24 hours Little difference could be
MODE OF COCHLEAR DAMAGE BY EXCESSIVE NOISE, seen In the rate of recovery from the TTS produced by 8. and

AN OVERVIEW 24-hour exposures Results indicate that exposures longer then
Dalvid J. Lim and William Molnick in AGARD Effects of Long 8 hours arel not unusually hazardous. It there is an Incrased

Duration Noise Exposure on Hearing end Health Nov. 1975 risk of eventual permanent hearing damage from repeated daily
8 p refs (For availability see N7e-17786 08-52) exposures longer than 8 hours. It probably comes from the fact
(Contract F33615-74-C-4049) that as the daily exposure becomes longer than 8 hours, the

Damage to the cochlea is examined and Is believed to be quiet Interval before the nexit exposure is shortened, so that the

caused by a physical or metabolic stress exerted on the sensory next day's exposure is begun with the auditory system still in a
cells. Evidence to support both mechanisms Is overwhelmnlng, tatigued state. Author

and is reviewed. Injury can be brought about by the chemical
or metabolic alteration In the surrounding medium. BeelIdes N76-17701 Aerospace Medical Research Labs.. Wright-Patterson
apparent mechanical darnrge Inflicted on the organ of Corti by AFR, Ohio.
the acoustic hyperstlmulation. the evidence of metabolic damage ASYMPTOTIC BEHAVIOR OF TEMPORARY THRESHOLD

to the sensory cells is subtle. The subtle changes Include: (1) SHIFT DURING EXPOSURE TO LONG DURATION
proliferation and vacuolitiilon of endoplasmic reticulum In sensory NOISES
cells. (2) swelling of mitcohondria in both sensory cells and D. L. Johnson, C. W. Nixon, and M. R. Stephenson In AGARD
efferent nerve endings. (3) morphological alteration of stereocilie Effects of Long Duration Noise Exposure on Hearing and Health
and (4) swelling and degeneration of atria vascularls. These findings Nov. 1975 6 p rats (For availability see N76-17786 08-52)
Imply that the high-energy-yielding enzyme systems are rendered Exposure to a constant noise level (pink noise. I.e., let aircraft
Inoperative In these cells, resulting in cell drageneration. Photomi- noise) for more than 16 hrs hen been shown by many investigators
crographs are shown. Author to cauna a Temporary Threshold Shift (TTSI in hearing that remains
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constant. This behavior. which is independent of exposure duration, N76-17786 08-52)
is celled Asymptotic TTS Data are given which show that although Aviation specialists were exposed daily to high noises and
TTS may remain constant, the recovery of hearing back to normalcy fully protected against hearing damage by ear plugs. The expoead
does depend on the duration of the exposure Significant people were divided in two groups of ten subjects, each one
differences in recovery between a 24 hr exposure and a 48 hr exposed to different noisy conditions. One group was exposed
exposure were observed It is belleved that for heating conservation to continuous and steady noise of 120 db for 1 hour and 1/2 hour.
purposes, the time Air Force personnel should be allowed to and the other wes exposed to Inltrmittent noise of S0-t00 db
recover from long duration noise exposures in quiet depends on for 5 hours, with Interval' between impulsive bursts of 20 feet.
the exposure rurtion. Suggested guidelines for assuring recovery lasting each only a few seconds. The subjective tolerance was
of Asymptotic TW'S are given and the resmirch program aimed good and no disturbence or fatigue reactions appeared at the
at improving these guidelines is discussed. Author end of the exposure. Urinary catecholamine excretion was

assayed the day before the teat (in noiseless placel arid the
next one at the end of the exposure. Results indicate that no

N76.17792 Defence and Civil tnxt of Environmerital Medicine. ohange iii cetecholemine release occurs upon trained peopiex
Downeview (Ontario), Behavioral Sciences Div. with hearing fully protected. Author
THE INCIDENCE OF TEMPORARY AND PERMANENT
HEARING LOSS AMONG AIRCREWS EXPOSED TO N71-17796 Naval Regional Medical Center, San Diego, Calif
LONG.DURATION NOISE IN MARITIME PATROL Dept. of vtolr eglo ntg
AIRCRAFT DeptF of OtolSE r EXgology S
S. E. Forshew In AGARD Effects of Long Duration Noise EFFECTSW OF NOEll EXPOSURE
Exposure on Hearing and Health Nov. 1975 7 D refs lFor Robert W .Cantrell In AGARD Effects of Long Duration Noiseavailability see N76-1778H 08-52) Exposure on Hearing and Health Nov. 1975 13 p refs (For

avalability see N76-1778. vlablity ee N76-1778 08-562)

The CP-t07 Argus has been in operation with the Canadian It a known that noise can damage the inner ear, result in
Forces since 1957 as a long-range maritime patrol aircraft. The hearing lose, be a source of annoyance, disturb sleep, and interfaer
endurance capability of the aircraft is at least 24 hours at with spegon. There is some evidence that It may adversely affect
reconnaissance abltitudesth c rrseedt Fight dutiont 2homi 12 mental health, the cardiovascular system. basin biochemistry, and
rtconnurssance olurtudes lad douer Flighichamient nfrom 12 decrease work performance. Current knowledge is reviewed of
to 2v hours occur routinsly, during which ambient noise l9vAls how intensity, duration and frequency composition of noise effectsastsesmorit of crew and operational problems arising from the auditory, annoyance, sleep and speech Interference,
Iong.duration flights In the Argus shows that about half of the psychological ad aocioiogicsl responses in ran Author
crew sustain temporary threshold shifts in excess of levels
considered to be acceptable for long-term exposure. The hearing N76-1 1717 Naval Regional Medicel Center, San Diego. Calif.
levels of 223 pilots, navigators and flight engineers were studied Dept. of Otolaryngology.
with career flying times in the Argus ranging from 2500 to PHYSIOLOGICAL EFFECTS OF NOISE
10,000 hours. Results of the study suggest that repeated Robert W. Cantrell In AGARD Effects of Long Duration Noise
long.duration noise exposure, as experienced in the aircraft. are Exposure on Hearing arid Health Nov. 1975 11 p rats (For
not any more deleterious to hearing thresholds than Is repeated availability see s N7-17786 08-52)
exposure, at approximately equivolent intensity levels, in short- The effect of noise on the biochemistry of the body, the
and niedium.range aircraft. Author cardiovascular system, and the organ systems controlled by the

autonomic nervous system are examined. Nolse serves as a
N76-17793 Centro di Studl e Ricerohe di Medicine Aeronautics stressful stimulus which provokes the Ceneral Adaption Syndrome,
a Spazille, Rome (Italy). and is one of the several stressful stimuli which activate this
PSYCHO.PHYSICAL PERFORMANCE OF AIR FORCE syndrome via the hypothalmue to the pituitary which produces
TECHNICIANS AFTER LONG DURATION NOISE ACTH resulting In Increased adreiocortical activity. There is
EXPOSURE considerable evidence to support this concept, and this theory
Cesare A. Ramacol and Paolo Mote In AGARD Effects of along with recently carefully controlled studies, are reviewed.
Long Duration Noise Exposure on Hearing and Health Noy. Author
1975 3 p refe (For availability see N76.17786 08-52)

Psychological and paycho-physloiogical tests were curried out N76-17798 Army Aeromedicsl Research Lab., Fort Rucker. Ala.
IToulouse Piston test, flicker fusion test, reaction time) on 20 AN INVESTIGATION OF AIRCRAFT VOICE
Air Force technicians, on duty at an aircraft mailenarnce and COMMUNICATION SYSTEMS AS SOURCES OF INSIDIOUS
flight line, exposed to high level noise. Work conditions considered LONG-TERM ACOUSTIC HAZARDS
were: (i) continuous expoeltiori to noise of about 120 db. for Robert T. Camp. Jr., Ben T. Moto, and James H. Patterson ItM
one hour and hair, and 12) continuous exposure for five hours AGARD Effects of Long Duration Noise Exposure on Hearing
to 60-0 db noise, with transient Increases up to 90-115 db. and Health Nov. 1975 6 p (For availability see N76-17786
The technicians used, when necessary, individual or collective 08-52)
ear protection. The technicians were divided into 3 groups and The acoustic output of value communication systems was
given specific tasks to perform The tests, csrried out before measured helicopter during training flights. The esults of analyses
and after noise exposure, do not show significant changes of of eamples of aircraft voice communication systems noise are
task performance. Author examined. Specifically discussed ire ear protecting devices

(helmets) used to reduce cockpit nolle arid passenger
N71.17794 Institute of Aviation Medicine, Fuerstenfeldbruck compartment noise. i1 Is found that the microphones in the
(West Germany). helmets emit sound levels which are harmful over a long period
THE EFFECTS OF EAR PROTECTORS ON SOME of time. Author
AUTOMATIC RESPONSE9 TO AIRCRAFT AND IMPULSIVE
NOISE N76-17799 Unlvetiltaetaklinikum Essen (West Germany).
0. R. Froehlich In AGARD Effects of Long Duration Noise PHYSIOLOGICAL RESPONSES DUE TO NOISE IN
Exposure on Hearing and Health Nov. 1975 5 p (For availability INHANITANTI AROUND MUNICH APIPORT
see N76-17785 08-52) Gerd Jansen In AGARD Effects of Long Duration Noise Exposure

Three different types, of ear protectors were evaluated for on Hearing and Health Nov. 1975 5 p iFor availability see
protection against aot aircraft noise and other noise. Autonomic N76-1 7751 08-5b2)
nervous system responses were measured for 25 subjects who Results are eiamined of an interdisciplinary research study
partilipated In the study. Peripheral blood flow and elactrodermal on aircraft noise effects on Inhabitants around German airports.
responses were also measured. Jet aircraft noise levels of 95 db. A pilot study l(round Hamburg airport) and a main study (around
and other noises (a pistol shot) of 130 db were provided, Subjects Munich airport) were conducted by acoustical, demographic, social
were asked to select tie ear protector giving the greatest scientific, psychological, physiological and medical sections of
protection. Results are presented and discussed. J.R.T scientists. It was found out that, in general, there is no adaptation

to aircraft noise. A linear relation exists between lncreasing noise
N76-17705 Cintro di Studi a Riceruhe di Medicine Aeronautics stimuli (combined noise, exposure. measure of noise levels, and
e Spaziale. Rome (Italy) number of flyovers) and human reactions. A discussion of
INFLUENCE OF THE NOISE ON CATECHOLAMINE physiological results leads to the opinion that physiological
EXCRETION reactions are more related to sound levels whereas the 'whole
0. Poolucci i• AGARD Effects of Long Duration Noie Exposure reaction' l(nnoynrice. blood pressure etc.) is mote related to
on Hearing and Health Nov. 1975 2 p (For availability see combined noise exposure measures. Author
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N76-19789# Arivisoly (3irup for Aerrospace Pesearrit and tilia Atssessment of Airciaw Fitneso Fatb 1976 6 p refs (Forr
Daovulopmerit. Pauny iFrarcicu aivailability see N76 1 97119 10-52)
THE USE OF IN-FLIGHT EVALUATION FOR THE ASSESS. Observations are presented which were made of the behaivior
MENT OF AIRCREW FITNESS of a considerable number of parachutists and flight crews during
Chasmsii L Ward. rid (Army Med) Res arid Dervelop Command. Poirachuta operations Such operations are marked by a series
Witishringtti. 0 C) Faiji 1976 70 p refs Piatrinert Lit Aerospace of pirases ar pre-arrantied maneuvers which involve boith the
Maid prinnirl Spircitilivs Meertinig, Arikar. 24 Oct 1975 higher procease arid simple motor mechanrisrns A trained
(AGAIID CP- 182. ISttN-92 835 1208 1i Avail NTIS pairachtihie officer and psychriatrist of tilie Italian Air Force studied

Vatiiius aupuctri Of Irn-flighit ietvrrnlirations of1 physical. ilia utressira whichr occur in the variouts phases arid espeicially
rryChoI~luuCuI. PlrYS10l1rli,1I anid 111001Orirn Uti lcal hUitahility and tire inrvolvemenit of lire higher psyc hic processes It appears that

filipiiisr of alitru~rw ilia prirsirrttir 11irnso incluiidi somre inl flight the emotive- affective coimptlex is espaciully exposed to oper.
anti silirrileiiriri tirchlrrrrir. isniniamntiriri nintirrui. hioliistruiiirsrtit atirriral stress in this situation. Hypoihoses are ardvanced oir such
furiilien iid roriiiiinii liii fnitnes rtiiriiris at; will au; rORAlt Of issues as thiese with special rtfeeil to ilira psycirological content
iissesstnilnnr Of till iblility to fly %tilily with iirttiopedic injuries, artid to ilia affect of (trll anit discipline on strirst Author
inrririntit, ontiv. arid visnauil rinficuniicirs. pInns a friw Otheri piiysnilncial

arid pliyutololjiuae i aliativoi Also inclidude ilre bstirssiiierts of N76-19793 Army Aeronredical Research Lab , Fort Rucker. Alm.
paiarrfripors anti iniinpilot airrcrew in their performance of duly. COMPARISON OF VISUAL PERFORMANCE OF MONOC.
Fi: rindividuais titles, soe NIG.19790) thrrou~gh N76-1979t3 ULAR AND BINOCULAR AVIATORS DURING VFR NELl. -

COPTER FLIGHT

N76-19790 Asinny Maeiical Resosich atirll Developnmenit Command, Thomas L Frezell and Mark A. Hofmanrn In AGARO The Use
Wishinirtjtn, 0 C. of lIn Fligiht lEvaluntiori for fitsa Asesssment of Ailroew Fitness
US ARMY MEDICAL IN-FLIGHT EVALUATIONS, 1985. Fruit 1976 9 p rets (For availability see N76.19789 10-52)
1975 Tiro inflight vIsuial Perloritreirue of six binocular Army aviators
Chestur L. Ward. Nichrolas F Batneca i~rouke Army Med. Center, arid uric moinocurlar Armiy aviator was assessed during various
Ft1 Sam Houston. Teal . Robert J. Ketouzmann (Madigan Army marluervers inl a .JUH. 1 H iieficopturr. A corrieal rirfiection technique
Miou Center. Washington),. David D. Giick (Arny Aeromned. Res Iliing bothr video tapo anti 1 Sinai film As a reicording medium
Lab. Fort Rucker. Ala.). atid Moris A. Shamnah Ini AGARD was errployed. Infornmation oir Ilia rise of 13 visual sectors wee
The Use of In-Flight Evaluation for the Assessment of Alrcrew provided for a nrihunir of imaneauvers to include normial takeoffs
Fitiiesa Feb. 1970 10 p refs (For availability see N76-19789 intd laindirngs arid hovering ienanouvnis. Tite aircraft windscreen
10-521 was divided into eigirt sectors whitter tire side windows arid chin

The U.S Army has. recognized that the services of many itubblnir comprise err additional four sectors. Tire thriteernith Visual
aslisrieinced but medically disqualified aviators can be lost unless sector represents the mainse cockpit area. Data presented linclude

* a method is established to corriprtaierrsiveiy irnveatiguau an percerntage of total lttie sPenit it, cacti sector, average dwell
individual's adaptation arid comiplete capability. Therefore orre lttrre per sector transition lporniotetiorrl values Comparison data
hundred thirty-two in-flight lavaluationab for a10 year period liire Provided between tire viaX bnirocular pilotu and the monocular
(1955B-1974i were reviewed. Information iront iii records and pilot. These data reveal timert marry ceases there was little

I'reports reposited at the U S. Army Aeromedloel Center, Fort itiffereince between blnocu,. airid monocular visual activitly. In
Rucker, Alsbaima, wast read. extracted and synthesized Evaluation addition to the objeirtivaly recorded data, information conce~hrning

sand the subsequent medical recommendations for duties involving
flying are presented and discussed. Specific categories of
individuals presented In detail are lower extremity amprutees. N76-19794 Armiy Aeirornadicat nesearnh Lain.. tFait Pucker. AIir
'one-eyed' aviators. and color vision defective aviators, Author HELICOPTER FLIGHT PERFORMANCE WITH THE

AN/PVS.B, NIGHT VISION GOGGLES

N76-19791 Civil Aeronredical Inst.. Oklahoma City, Okla. Michrael 0 Sanders, Kant A. Kimbell, Thomas L.. Frezeil. arrd
ACCIDENT EXPERIENCE OF CIVILIAN PILOTS WITH Mark A Hoifmrarnn /i AGAFD Titer Use oh In-Flight Evaluation
STATIC PHYSICAL DEFECTS for the Assessmentir of Alicraw Fitness Feb. 1978 18 p rals
J Robert Dille and Charles F Booze /in AGARD The Use of (For availability see N78-18789 10.82)
ri-Flight Evaluation for the Assesisment of Aircrew Fitnes3 Feb Rotary wiung flirght at night iii an Instrumenitedt LtH.1H with
19761 B p refs (For availability see N7t6-19789 10-521 aviators11 Utilizinirg night vision goggles was studied These devices

Tire U.S. Federal Aviation Administration (FAA) is committed restrict fildb of view, provideu monochronmatic imagery, and weight. -

to establishment of airman physical standards and certification and with the exception of bifocals require manual refocas to

policies that are as liberal as possible compromising aviation gain Inside visaul capability. These second generation timage
sofety. Thrusught the years. nmedical flight results, research, end intenrsification systems Ware used during low level and nap-of the.
Consultant opinions have resulted in relaxatiori of medical earth flight profiles in addition to various miarneuver sets Three
standards and Policies arid current FAA certificatror of 4.704 Irnternsificatiorn systems writre comnpared to tire urinideod eye over
Pilots wihi blindness or absence of erie eye. 14.421 who wear these conrditionu. Those systema included 40 dew field of view
contact lenses, 15.779 with deficient color vision. 15.543 with IFOVI. 60 dogi FOV arid 40 deg FOV with a 30 percent bifocal
deficient distant vision and smaller, but significant. inumbers with cut- Over twenty aircraft stale variables and aviator control inputs,
paraplegia, deafness. and amputations Lirmitations are placed wr esrdarirtiirn oerls nadtort ecitv
on flying activities when appropriate. Iloutine aircraft accident arid urlivariate tactrniqUes. the data were subjected to a multiple
Iinvestitlations seek to determine the preaonrce of physical problems dtiscrimnairnt anailytis 1Tle sublects (instructor pilots) also
in tire irrvolved airmen arid any probable association of the defect respondied to questionnaires reganrdirng tle preference, trainitng
with tire accident cause. The FAA experience with these civilian rind ostimrated capabiltites of eacti type of intensification system.
pilots who have static physical defects is examined and The major findirigs of bouth the subjective end objective rnotosures

accident rates wars calculated for several categories of pat hology are sumrrrntariaent Author
for comparison with the overall accident rates In general aviuntioii
activities. Tsireet categories atrow Significant Increases In accidents:
it) blindness or absence of one eye, (21 deficient color vision N76-19790 MIrrl Univ (West Germatry) Dept. of Physiol-
witir a waiver. anrti 13) deficient distant vision. However, these 04y.
groups reported much higher median flight times than a IN-FLIGHT LINEAR ACCELERATION AS A MEA N OF
nonacuident airman population end accident airmen without any VESTIBULAR CRCEW EVALUATION AND HABITUATION
of the pathology selected for this study Anialyses of available Rudolf J. VoinBeourparten /ii AGARD The Use of irn-Flight
data prove Inconclusive but increased exposure may account for Evaluation for Itne Assessment of Aircrew Fitness Feb 1078
most or all of the Increased accidents observed for airmen with 4 p refs (For availablility see N76-19789 10-52)
thesse three pathologies Noiie of the accidents wee related to Individual differences itt susceptibility to motion sickness and
the pilots' physical condition in the reports. Statist cal biomedical ini man s ability to habitualtel to vestibular Stimuli was studied. It
date are given. Author is proposed that individually oriented programsa of vestibular testing

(ground based) be aupPiemented by specific in-flight testsaend

N7111-19792 Italian Air Force Medical Appeal Board, Rome. in-~flight habituationi tc,. rrg for the following reasons: I1l the
STRESS AND PSYCHIC FUNCTIONS: OPERATIONS OF stimuli which cause lest titular airsickness in high performance
FLIGHT CREWS AND PARATROOPS DURING PARACHUTE aircraft at the shortest latency are rectilirnear accelerations
OPERATIONS (loointhic-stirnuill of amplitudes, iarkioade and frequencies which
Luigi Longo hr AGARD The Use of lrr.Flight livaluation for cannot be simulated on the ground Without enrormous technical
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difficutties. and (2) the conventional ways of testing for motion Utilization of laboratory measurements and examinations in
sickness on the ground. involving conchts -effects onl rotating chairs, the early detection of disease is dhiacii-ised The compiss
swings. caloric stimulation of the ears arid centrifugation. do Interrelations of sensitivity. spacitrcity, and incidence arid the
not simulate closely enough conditions of sircraft flight It is predictive value of positive results are etoptisited J M S
sugignsted thttt special vestibular in-flight test arid training
isgimens be used, batted on individual traits The test and N75-27821 Viate Untiv. Rome (Itlcy)
habituation flights shioiild include i-Axsi acceleration between LASORATORY EMPLOYMENT IN AEROSPACE MEDICINE
.1 and i 2 V's. chaiiges of rhythm of such stimulation, and G. Paolucci lip AGARO The Role of thre Clipi. Lab in Aerospace
alleriretion between thretshold and subiilihestrold mnaneuvers of Med. May 1976 2 p ranf (For availatility see N76-278 19
opposite direction. Prelinrinary data obtained iii a Learrlot and 18-52)
ininearobatic light planes are examined and indicate that certain Copyright.
otolitlhic stimuli are very effective in producing motion sickness, Laboratory applications irr aerospace mnedicine are sun-
and thait habituatlion cari be obtaitred irparost surch strnrulr niariced. These include 1ll colotsrrniirstrort of I hoe mun -liciiemrnicat

Author state ii inormral or pathological condlitionti i2) detection of
emotional changes in flight; 13) evaluation of tissue damage ini

N7I.19796 Ataturk Sanatorium. Ankara (Turkey). traumnatized parsons; and (4) applications to aviation casualties
EFFECT OF INCREASED ATMOSPHERIC ELECTRICITY ON Urinary catechetamine determination end measurement of activity
THE BLOOD ELECTROLITES OF AIRPLANE CREW of some serum atraymes are among the techniques discussed
Gultakiir Caytnaz lit AGARD Tile Use rif In-Flight Evaluation J.M S
for the Assessment of Airaorw Fitness Feb) 1976 5 p refs
IFor availability see N76-1I9789 10.52)

Airplane pilots during flights somretimes develop disorlentatlon N78-27822 School of Aerospace Medicine. Brooks AF8. Tax
end fly in wrong directionsa with accidents resulting. It is propos~d Aerospace Medical Div.
that the causen of disorienrtationi or collapse in acinie of these COMMON PROSLEMS ENCOUNTERED IN LABORATORY
cases, may be the sudden circoges iii blood olectrolites and acidity SCREENING OF USAF FLIGHNT CREWS11111111i FOR LATENT
of the blood produced by increased atmosprheric electricity. CORONARY ARTERY DISEASE
Experiments are described ftrst were nude onr airplanes arnd Ft. G. Trosler In AGARD The Rolet of the Clin. Lab in Aerospace
their crews which show that the atmospheric electricity Is higher Med. May 1970 11 p refs (For availabiltly see N,76-278ig
Inside the airplane than outside Blood samples taken before 18.52)
and after flight show definite changes of acidify. electroites and Copyright.
cholesterol. Atmospheric elect ricity was measured onei daily basis, Laboratory screening to Identify inen at increusted tiik for
and following high voltages, there warip always increased coronary artery disease is discussed. Annual determination oit
amounts of traffic and airplane accidents. The studii was conducted cholesterol and triglyceride levels, monitoring of accuracy arid
by the Turkish Air Force. Author precision by In-huse and external quality crnntrol. and effects of

biologicel variability are among Thte factors included. Data aer
.yN78-19799# Advisoty Gnritp for Aetospace Ressearch and presented showing that separation of diseansed! from nondiseasad

Deeomn.Paris (France) population Improves with increased laboratory precision. A normal
SPINAL INJURY AFTER EJECTION [LESIONS VERTE- range based on percentiles for 925 USAF male flyers without
SRALES APRES EJECTION) detectable coronary artery disease Is also presented. The
A. Auffrot (Lab. (Ie Mod. Atprospetiale dui Centre d'Easils en Vol limitations of thin method of normal ranges Aer discussed.
do Brelignry our Oigs. France) and R P. Delaheys (Hopital Miliitaire Author
Begin, Saint Manrde. Franca) 1975659 po refs In FRENCH
(AGARD.AR-72(t1IF1) Avail NTIS HC $4 50N6283 Isiueo vaio eiie uCtnodrcStatistical data from seven NATO countries dealing witfh ttle (West2Germ Insttty fAvainMdcie),tteflbul
frequency of fatalities. bpinat fractures, and fheir distribution Ws emn)
following election fronrt aircraft wos presented and analyzed. Thle EPIDEMIOLOGICAL STUDIES OF SUBCLINICAL DIABETES
relevant anatomical and plryivioloical aspects were reviewed, MELLITUS
followed by a discussion on the pathrological mechanism ofi K. Reiohanbach-l(lbiike In AGARD The Role of the Clint. Lab.
fractures In nmost cases, it is difficult to determine whether the in Aerospace Mod May 1976 4 p refs (For availability asse
spinal fractures take place dlurinrg the initial ejection or dluring N76-27819 18-62)
the subsequent lending. Proper positioning of the pilot oil the The Incidence of asyrnrtomnatic, subalinical. or olhemical
ejector seal Is an essential requirement for a successful ejoction, diabetes In pilots and pilot applicants Is studied A coincidence
The radiological aspects of spinal fractures were described by of other biochemical data: of liver and risk factors of coronary
distinguishing between stable and unstable fractures. The disease with regard to hypertension, obesity, and ECG is also
subsequent treatment and disability period were described it Is esairined Methords used arid rusultteerae briefly cliscussed.J.M.S.l
recommended thrit. fallowing arty election, a radiologicali
esamination of the entire spinal colunirr should be comrpleted N471127824 Marburg Univ (West Germany).
The strict aptitude requirements set by most air forces for combat RADOI~MMUNdOASSAYS: NEW LABORATORY METHODS
aticraft pilots ware discussed Seer also N75-23 150 IN CLINIC AND RESEAR~CH

Trnarsi. by Y.J.A E. H. Cruel and H Moetler /tn AGARD The nota of the Cliv.
N76-27819# Advisory Group for Aerospace Research and Lai) in Aerospace Med May 1976 9 p refs (For availability
Developmant. Paris (France). see N76-27819 19.521
THE ROI.E OF THE CLINICAL LABORATORY IN AERO- Coipyright.
SPACE MEDICINE Readioimmunoaaaeys IRIAnip which permit quantitative
Raymond G. Tronier. ad. (School of Aeronspace Med ) May 19765 determilnationr for serum components, especially hormones and
1 27 p rats Presented at the Aerospace Med. Panel Specialists imunurigiobulinti. such as IgE, in very slight concentrations as
Meeting, Ankara. Turkey, 23 Oct 1975 wall as pharrnaceuticals. such as digitalis are considered. The
(AGARD-CP-180: ISBN-92.B35-0166-9i Copyright. Avail RIA'a are based on tire antigen -antibody reaction. In which the
NTIS HC $s.00 substance to be ineasured and the correspornding radioactively

Papers are presented which consider laboratory screening labelled substance compete for blinding sites orr the specific
of aircraft pilots and crews. Specific topics discussed include antibody Interpretation of the measurement results and further
early detection ofl disesspip aesesanrent of stress in air traffic development are disciissetd Author
controllerns and pilots. and salnictiort of pilots based can results
of physical examinations. For Individual titles, see N76-27820
through N76-27836 11,1782702111 School of Aerospace Medicine. Stociks AFB. Tan.

Epidemiology Div
N76-27820 New York State Univ. Syracuse Dept of THE ROLE AND LIMITATIONS OF RADIOIMMUNOASSAY
Pathology. AS A LABORATORY DIAGNOSTIC PROCEDURE
THE LABORATORY ROLE IN EARLY DETECTION OF Robert L Btiir'hfpnaer Ir AGARD The Role of the Clin. Lab
DISEASE in Aerospace Modt May 1976 5 p rets (For availability seae
John Bernard Henry In AGARO The Role of the Clin Lab. in N76-2781 9 18-52)
Aerospace Mod. May 1976 5 p rtef lFor aveilabitily ties Copyright
N76-27819 18-52) The rarirc concepts of rsntioitrnmunaossay IRIAI arid competi,
Copyright rise protein birrding (CPS) are reviewed The chraracteristic features
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52 AEROSPACE MEDICINE

of sensitivity and specificity are discussed as they relate to the Aerospace Mod May 1978 10 p raft (For availability It.s
problems ant) limitations of test variability and biological N70-27819 18-521
interference in the performance of tadionessys in thre clinical Copyright
laboratory Potential problenms dlua to improper patient preparation The 5-ma fire direction center (FOCI, common to all FieldF
and specinren collection arid handling aer mentioned. A survey Artillery batteries. was chosen for study in the laboratory and
is presented oft ielected biological compounds that can currenrtly field to evaluate the impact of environmental and situatlonel
be mneasuredl by roiidininrnunotassaVa nit related techniques stress on the complex performance of highly trained and motivated

Authlir individuals working together as a teamn The wurrking environment
of a field FDC wes simulated within a hypobaric chramber and a
volunteer FDC team from air elite U S Army unit was tested

N76.27S28 Laboratorir dlu Medecine Aorospatialr. Gretijny- stir - ueing realistic matched combat scenarios. To minimize practice
Orgo (France) effects, the tearn wait initially given 26 hours of intensified training
APPLICATION OF FLIGHT STRESS SIMULATION TECH. (ITS). The team was Ithen tested blinded as la the alttitude condition
NIQUES FOR THE MEDICAL EVALUATION OF AIRCREW for 48 hours; at both a control altitude and high altitude; the
PERSONNEL IPOUSIBILITE DIE L'UTtLISATION DES teamn rested 22 hours between ITS aind control and 48 hours
MOYESN DE SIMULATION DES AGRESSIONS AERONAU- between control arid the high altitude conditions. Miessin
TIQUES POUR L'EXPERTISE MEDICALE DU PERSONNEL performance during ITS and control wes sensitive to disrupted
J. IGNT *erne .Afit .Vta.adjLPilri G leap-rest cycles, with errors clustering at times of tow arousal

J. Dmane. . Aufre. U VaiesandJ LPoiror n AARDAt high alttitude. performance was ltes efficient during the first
kThe Role of the Clin. Lai). in Aerospace Med. May 1976 7 p 10 hours; most serious etrrors Involved processing of digits Over

refs In FRENCH (For availability see N76-27819 18-521 learned FDC skills showed little deterioretion even when the
Tire rots that may be played by an aerospeac medicine men were III with acutle rnoutain sickness. Compensatory befhavior&

laboratory, well equipped with simulation tools such as centrifuges. were evident and technical performance fur the last 33 hours
vibration geinerators. aet. and measuring tests erich as physiologic at high altitude equalled or exceedad control. Thus communice.jand psychophytisologic examiinations. in the more difficult medical tlons, psychomotor. and judgement aspects of FDC performance.

evlato o ice prone.wee described This is based as welt as measures of symptoms, mood, and neuroendocrrine
on the logic that, i borderline casea. a final decision on the response. appear differentiallii sensitive to psychological stress,
medical fitness of pilots for flight status sihould only be reached hypoxIa, arid fatigue. Author
after completion of tests that simulate, as realistically as possible.
the stresses actually encountered In flight. In addition, such a N76-27130 lInstitute of Aviation Medicine. rutirsterrfeldbruck
bleboratory bi able, by repeating such taste, to objectively obtain (West Germany).
longitudinal date on a pilot, to study transient favorable or EXPERIENCE WITH ELECTRIOENCEPHALOOGRAPHY IN
unfasvorable changes, arid to observe the long-term effects of APPLICANTS FOR FLYING TRAINING 1971 AND 1172
aging Trensi. by iJ.A. H,. Oberhole In AGARO The Role of the Clin. Lab. in Aerospace

N76-27827 Armny Aronreorlical Research Lab, Fort Ituckur, Ala M18 My-52)pre.Io aalbliyseN7.71
AVIATOR PERFORMANCE: BIOMEDICAL, PHYSIOLOGI- Copyi2ht
CAL, ANDIRPSYCHOLOGICAL ASSESSMENT OF PILOTS C Syrgt.nadc~oi o oiiganra icnj naaion
DURING EXTENDED HELICOPTER FLIGHT Stpaloricte rd umrid hs criteria to eiig b mt traigsi evluateroin.
Kenrt A. Kimrnball and David 8 Andersoirlip A(3ARD The Role relationtao flyin artes eum maina.thense cr.i Mr. evlatdi
of the Cliii. Lab In Aerospace Med May 1976 15 p rtefrltosofyigfteseamntoeJMS
(For availability see N76 27819 18-52) NS73 eir iSuiaRcrh iMdcn eoatc
Copyright146281CnrditdiaRorhdiMdcnAenuis

The phyioloicl. puhooiW ad parforrn c efets ate e Spaullale. Homo (Ittaly).
exyende hel c.pterfligt ar Ivsianed resiira ent 5 f BEHAVIOR OF SOME RESPIRATORY PARAMETERS IN

extnde telioper liht rcinvetialrl eacrrrrenl ~CANDIDATE PILOTS. A COMPARATIVE STUDY BETWEEN
biochemical, plrysrulogical. arid puyciiotolicat paramierters weireTODFEETGOP EAIE TTNYIR
obtained and comparerd with Infliqlrt performance imeasures NTWODFERNRVAL XMIE TYE CR
obtarined by the UJSAARL Helicopter hirrtight Monitoiring System ITRA
Six rotary wing aviators performned extetnded daily flight missions C. A Ramacoci and 0. Malirarl /it AGARD Thu Rots oif the

For peiod f lve ava ii dditonwhe notflyng, arius in Lab in Aerospace Mod. May 1 976 7 p refs (For availability
psychological teats ware adminirsterred. Physiological and brocheinri. seayNigh281t 9~2
cal monitoring were conductsd throughoutt the five day period The hypotheura that static respiratory values could undergo
The aviaoirs; were an at controlled diet arid elirpt upproximnately a chranige In the course of ltime, in the eanme age groups was
three hours each nigfht Prelimnrrary findings are presenrted iii stuidied. A comnpetition was carried out between two groups of
relation to perfoirmance, biochtemrical. phyiroloogical. aind psyctialug. candidate military pilots. The reapiratorV paramreters taken into
rcal parameters. Authonr consideration were vital capacity and time vital capacity. The

N762780 CvilAurmedcalIns . klaomaCit, Olaresults show thaet no sigrnificent change took place. It is still
N70*752 Ciil Airoediat Ist Okahom Ciy, kiadeemed advisable to performi periodic chocks The existence of

Aviation Physiology Lab, other elements that could exert a certain influence err tire
STUDIES ON STRESS IN AVIATION PERSONNEL, ANALY. parairieltirra studied was estabishted Author
$15 AND PRESENTATION OF DATA DERIVED FROM A
BlATTERY OF MEASUREMENTS N70*27532 Italian Air Force Medical Service H Q.. Honte
C. E. Motitoii, J. M. McKenzuie. J. T. Saidiver. arid Marinarr Hoffiannri SURVEY ON MEDICAL REQUIREMENTS AND EXAMINA.
In AGARiD The Role of thre Climi Lab. iii Aerospace Mod MayTONP CEU SFRTEPEV TIN FTAMA
19763 6 ii refs (Foir availability see N76-27819 18-521 TIC AND NON-TRAUMATIC OSTEOARIHROPATHIES DUE
Copyright T LIGATVTE

Determiinatiorn of stress iii aircraft pilots acid air traffic Gatao FLYInG o ACIitIES D TeRoeo h C oii
controllers is considerted The cornplexity of tire dale deriverd Aerospace Mad. May 1976 6 p rat's (Fur averlablirty see
from batteries of measuremrents of strwirr is discussed. A method N76-27819 18.52)
fIa described In which data related to strens indircatora are weighted Copyrigiht.
so ttrat their inmportance Is equivalent The weighted value are Tile criteria the nmedical requirrenents. and tire exanminatron
integrated to yieiri air index. C sub a, whinch allows a comnprete procedures eniployed during the selection of pilots are examiined
live overview of stress fii eir traffic control facilities Data v0 in terms of the onstaortioular system arid tire spine. The co~iditions
normalized can be presented in glraphic form without oversirniptific.faittngteocac frsoorhophe dighghptd
ation. The miethod inVIicOras th1u uefnrirefLms1 o1 stresls studies to faligt at~tre imcph nasoizedrt.oprie urn h tighosee
managers AuthorIlhtae.nhaid.Atr

N76-27829 Armry Researchr Inst of hinvriunrrirrintai Merdicuine N76-27833 Centrta dir Stucli e ilicerclre di Medicine Aerairautinn
Natick Massa Spaurela, Rome (Italy).

THE FIELD ARTILLERY FIRE DIRECTION CENTER AS A CONTROL OF HEMOSTATIC DISORDERS IN AIR FORCE
LABORATORY AND FIELD STRESS-PER FORMA NCE. PuERSONNEL
MODEL 1: POSITION PAPER. 2! PROGRESS TOWARDS G. Blonde end G. Psolucci fin AGARO The Role of ttrs Cliii
AN EXPERIMENTAL MODEL Lab. in Aerospace Matl. May 1976 2 It rofs (For avsilabluiiil
J W Stokes. L E. Banderol, R P Frerrcerrcuir A Cyirrerrirrer. see N76-27819 18-621
and J. 8 Sampson /it AGARD Tie PRole of lire Clun Lair in Copyright.
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52 AEROSPACE MEDICINE

A general examination was carried out to establish the risk AA0R6lCoyih.Ai:NTSH5.0
Fromposibl heostticdisrdet. de t diasss. rug orVarious aspects af aiviation medicine was studied ini detail

toxic Industrial products. of subjects occupationally extposed to Topics included the training of aircraw in aviation medicine,
traumotisms The hemostatic process was examined by studying medical aspects of naval helicopter operations on the northern
partial thromboplastin time, piathrombin time, flank. deveiopmsnts In personal equipment with special reference
thromboeiastographic record, platelet count, and individual to helmet developments, high speed eacape and thermal probilems.
anamrlexis. The data obtained are discussed with respect to and the use of hypnotics in alt operations. For Individual titles.
frequencies of hemostatic disorders found. and the utility of son N78-27847 through N76-27870
laboratory control in medical examination. Author

N76-27847 Institute of Naval Medicine. Alverstoke (Engiand).
N76-27834 Service doSanto pourlIArme doelAir. Pollsl(France) MEDICAL ASPECTS OF OPERATING ON THE NORTHERN
INVESTIGATIONS OF THE BLOOD VESSELS ELASTIC FLANK OF NATO
EXPANSION. H4EART OUTPUT. AND HEART RHYTHM, W J Slake In AGARI) 4th Advanced Operational Aviation
OASEO ON THE MEASUREMENT OF VARIATIONS tN THE Med Course May 1976 4 p refs (For avitilabititiy see 14711127840
THORACIC ELECTRIC IMPEDANCE [EVALUATION Of LA 18052)
DISTENBISILITE VASCULAIRE DU DEBIT CARDIAOUE. IT Pro-Arctic and survival training to achieve a higher standard
DE LA CHRONOLOGIE CARDIACIUE PAR LA MEASURE of physical fitness required for Arctic service is described. Emphasis
DES VARIATIONS D'IMPEDANCE EILKCTRICUII THORACI. is placed on protection and the problems of operating in cold
QU E) environments. Among the rmain topics discussed are. il)
.J. Coiin, J Demangs, and J1. Langlois In AQARO Thu Role ot aiivirontnentai etfects. 12) use of protective clothing; (3) use of
the Clin. Lob. in Aerospace Med. May 1976 12 p rofs In sheltet, (4) life style. (5) cold injuries and (6) survival tech.
FRENCH (For availability isee N75-27819 118112) niquesB.
Copyright.

Changes in the electric Impedance irisastirod with sleuitries N17627848 Royai Air Force Inst. of Aviation Medicine.
on the anterior portiorn of tilia thoraxl. riser the desceonding aorta. Fainborough (England).
were found it) be prroportionial to the vitluimatric chanrges of lire THE OPERATION OP HELICOPTERS FROM SMALL SHIPS
thoracic vessels in that regloir lirvesligaliuori of tile sffeet of
agfe on thea data obtainred with g I healthy subjects rhisoliosd J W Dawes hr AGARD 4th Advanced Operational Aviation
that the change in the electric irriperata "ro ic partly caused by Med Course May 1976 5 p (For availability sye NIS-27646
changes in the elasticity of tilie bluoid velssels Tire esperitnontal 18-521
data was also used to studly the systcilir: volunie and hea~rt uutput The operation of the Wasp helicopter from the decks of
Calibration wait obtarined using 120 simrultaneoiis nreesuremmntrt Tribal class and Leader class frigates of the Royal Navy Is described
with the dilution method aind electric imrpuednice data ott cardiac. and some of the difficulties involved in such operations, including
subjects. The results obtained with hearlthy subjects Are ini good ship movement and tiirbulence. aite discussead Author
agreement with those previously obtained uiinig Fick's method.
especially in regards to tire effects of age srrd pbosition. On the N76-27049 Royal Navei Air Medical School, Seafield Park

other hand, the irrediocre cutralaliort bslwsxti the dtilutionr anid (England)
electric impedaince rirtiruds with iuaidiuc srhubactH riakes this THE IMMERSION VICTIM
approach presently imprairictlrlinrically Trimm] by Y J A F St C Golden In AGARD 4th Advanced Operational Aviation

Med Course May 1976 6 p refs (For avaliability see N76-27646

147111127111311 Amsterdamn Univ (Netherlandtsl I1R.52)
THE INFLUENCE OF ALCOHOL ON SOME VESTIBULAR Thep mechanisms involved In the training cit rescue crews
TESTS and the clinical management of the immersion victim are
A. J1. Oroevai, W J Ooutitavslrl, anti WiltrlIririni GOashlrus /r1 discussed BB
AGARO The Role of the Clin. Lai), in Aetusparri, Marl May
1076 6 p lFor availabiitly lvcni N76 21819 i18.Ei2 N76-27IBS0 Royai Air Forice Inst. of Aviation Medicine.
Copyright. Farnborough (England)

In human subjects the inirliteire ol ant alcorholic beverage MECHANICS OP HEAD PROTECTION
on, some vebtiitruler tests will. rivirirrrisi. 48 nsitriimntiti were 0 HI Glsisler In AGARD 4th Advanced Operational Aviationr
conducted In 21 roorinia Irumirrri. 16 moirlr "I'll 12 wonien The Marl. Course May 1970 6.p refs (For availability see NIG-278415
effect of alcohol was observed upoir fixatioir trybagnrul. late 18.52)
nyntagmus, the visuai tracking patidrilirir test. slid the oplokinetic Various standards are discussed which cover three rmsim
induced nystiagnirum. Alcohol wae giver ini four iliffaernt quanrtities aspects of helmet dusigit. namely, (1l impact protection Tire
0.1. 0.2, 0.4 arid 06 g/kg body weight. as whiskey 134%) helmet is struck under controlled conditions againsat a first or
With each diosage 12 risperirricitir wxctain ptfrtrrii In 12 sublecits hemispherical anvil and the transmitted force is measured, 121
16 nail and 0 womerrln Author penetration resistance The helrnat is struck against a conicril

anvil having a 0.5 mm radius tip, and Q)1 helmet retention

N76-27830 Advirsory Group Irir Ayiov~tn,;r Reseuccr arid After a rooderate prelosdung period, the wtrap is loaeda pro.
Development. Peris lFrairral gressively. IllIs further staled that the standards cover requirements
THE CONTRIBUTION OF SKIN BIOPSY TO THE DETECTION for factors such as flommrnbrlity. extreme cold, heat and humidity.
OF VASCULAR SENESCENCE. RELATIONSHIP WITH and Itndividual inipact tasting of padding materials 8.9.
CAROTIGRAM
C. F. Nogues. Mt. Cairo. F Lireray. anti E Cave fIr its The Rule N76-27651 Roavl Air Force Inst. of Aviation Medicitne.
nf the Cliii Lob in Aerospace Mod May 11976 9 It teft 11, Farriborough (England)
FRENCH (For availability rioe N7t.2 7819 18.52)
Copyright AUDITORY COMMUNICAIION

The significance of this i/A ratio in tire c~irurtidograiri was R. G. Green lit AGARD 4th Adveicied Operational Aviation

demonstrated, where I is the amplitude of tire catacirotic incisure Med Course May 197t 3 p (For avaiflability sete N76-27840
and A is the total erirpliturie of thre curve Studies peiformed 18-5.2)
with hydraulic models have shown that this ratio increases with The problem of ambient noise in aircraft is discussed with
the peripheral resistanrce and .r decrease in tire elasticity This direct relation to auditory communication and aircraft craw

ratio was comipared Io changes iii tI's hkirt nicrovicotpic structure Members. Predominant sources and nature of noiese lit high
observed following biopsies performed iii the region of the posterior performance single and two seat aircraft. and propeller driven
iliac spine. using ddtsl obtained from 93 aircrew members, a aircraft are listed. Poussible solutions to reduce noise and enhlance
very close correlation wax observedi between the skin structure commiunicationi are reported. B a
and the i/A ratio It follows troim tIns that tire carotid~ogiarrt

may be used in studies of the arterial pulse end gives air indication N76-27162 Royal Air Fortce tiast. of Aviation Medicine.
of the biologic age Transi by Y J A Farinborrough I(England). Applied Vision Section

N7111-7B6il dvsryGrupfo AropaeResearch and EYE PROTECTION AND PROTECTIVE DEVICES
N75.754# Adisoy Grup or Aros~ce0. H. Brennan In AGAFID 4th Advanced Operational Aviation

Development, Paris (France).Me uraMy17 8pre(FrvilbitsaN7.74
FOURTH ADVANCED OPERATIONAL AVIATION MEDICINE Mo1 ors8a 97 atto aalbliysaN7-14
COURSE 1-2

A N ichlson May1976 105p ef Cniisshel atMajor ocular hasards encountered In Military aviation and
FA Iirtrcuh.lr EnMand 1726 Jt.1975 p lt o, odA some protective moasures which may be adopted are discussed
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The hajards considered ate solar tieors, bird strike. wind blent hd irfreimoddungaitdespero airft

miniature, detonating cord- lasers and nuclear flesh Author These forces are considered in relation to the mechanism of '
injury, incidence of injury, tolerance to injury and in particular,

N76-27853 Royal Air Force Inst of Aviation Medicine, to tire Inifluernce of aif speed at election Author
FarnbOrough (Erngland) Fligirt Systenms Section 11171129111Foa i oc ra fAito eiie
HELMET MOUNTED SIGHTS AND DISPLAYS NS-275S5g (Eoyanl ArFreIs fAito eiie
Joint Laycucir In AGAIIC 4th Aidvanced Olnuitiunal Aviatiionn PeRIbCIPLEh A~glND POLM FHG PE
Molrl Course May 1976 6 p rotfs (For availability son N762 7864 TRIONCILSADPOLM FHG PE JC

The psil p-5stoso hintmute ihsat A J Barwood lip AGARD 4th Advanced Operational Aviation
thpl~sae onsidered apictideais of thelmet rinourilsil sihtiwroe Mud Courser May 1976 4 p ýFor availability see N76-27846

ilisplens whrc onsidered 6sf etails of wthi muchiytoienui airr e gsivwerr 1 5-2)

belollii Oulrinin rile riros detariii wite psuchoylogical Prolm s Tihe pririrnciples of election are described to recover aircrew
befoe otliingin miiidetil he sycologcalpirblerisuninjured, which is best achieved by the use of ias simple en
enconteed he mnne inwhih ila rte f viualinfrmsescape systemi as technically possible. Once the system has

lion processing by the pilot may be increased by varying physical beeni initiated all sequences automatically follow and there is
parameters is discussed Authtor no further action required by the sjectee until he is descending

oll a fully dieployedi parachute The haitarda of ejection and the
N7111-278114 Royal Air Force Instl of Aviation Medicinre. developmnert of the open election seat system up to the maximnal
Farribiorough lEnglandl capability era briefly described The sequences of election or, a
WARNING SYSTEMS IN AIRCRAFT CONSIDERATIONS typical Marlin Bakul Aircraft escape systemn are outlined to stress
PON MILITARY OPERATI ONS the bimplicity, arid therefore technical reliability, of this system
O C Reader In AGARD 4th Advanced Dilerational Aviation as usked iii ihe majority or service aircraft in the UK Services-

Mod Course May 1976 3 p rafts (For availability See N76-27846 Author *
)8.B2)

The principles employed in the deaignr of warning systemrs N7S.27859 Royal Air Force Inst. of Aviation Medicine,
in sircr3tt are presonted Visual. auditory, and tactile signals are Paooborurugh (England).
discussed in detail It is concluded fihat the curilapt of vimsua CURRENT AND FUTURE ESCAPE SYSTEMS

*display combined in a sensory, warnmirg system ,, probably the D C Reader /?i AGARD 4th Advanced Operational Aviation
most efficient methoud ot presenting essontriri emeirgencyl Mad Coiirse May 1910 2 p (For availaebility see N70-27846
informaltion to the crew. It is further irtafer first apart from a 11652)
feow specific cases,. audio warrrings do nor have rdistinct advantages Thre role of macaope systems fin fixed wing military aircraft is
over visual dfisplays B B flow well estatblished Almost all combat fixed wing aircraft in

NATO countries are equipped with ejection seals and considerable
N74-271S5 Royal Alir Force Inst of Aviation Medicirils. tiffort is spent an improving the performance of these seots for
Farnborough (Enngland). Flight Skills Research Section utuot uramircraft Sonrti of these areas whore currant escape systems
ADVANCES IN MILITARY COCKPIT DISPLAYS aer deficient and some ways In which future systoem seek to
J M Rolfe It) AGARD 4th Advanced Operatiwlial Aviation overcome those deficiencies are described Author
Mod Course May 1970 A, p rats IFor availability sen N76 27846
16-52) NIS-27660 Royal Air Force Inet, of Avliation Medicine,

Rtecenit advances in display technology which htave taken Fartbotutigh (England).
place in relation to the military cockpit were examlined. Emphasbis HELICOPTER ESCAPE AND SURVIVABILITY
wall placed upon providing adequate asosesmeilt of iniforrratioin 0 C Reader In AGARD 4th Advanced Operational Aviationi
needed by tha siairenw in order to performi their task. and from hied Course May 1976 2 p (For availability see N76-27846
this evolves, a dicp~lay system capable of presentiing iriformation 18-62)
Ili a flexible manlier It is further staludr that thea nnost widely Milit ary helicopters atre not equipped with slectioni seats as
used toim of display is thu cathode .iy tube which has the aire fined wing aircraft. Escape mystems are presented to fill the

reurdflealibility as Blreed for helicopter airicrew protection A.S.K.

N76-27855 Royal Air Forcrup in~t of Aviationr Medicine.
Farniborough (Enigland)
MAP DISPLAYS N76-27861 Royal Alir Force Inst of Aviation Medicine,
fR M lervlor hir AGARD 4th Advanced Operational Aviation Farrnborouigh (E~ngland).

*Med Course May 197n 4 p refs (For availabrility sen N78 21848 THlE PHYSIOLOGY OF HIGH 0 PROTECTION
181521 8t J Limier In AGARD 4th Advanced Operational Aviation

The malor types Of map displays are distingurisired arri tireirMaCure ay97 2prf FrvilbityaN7.64
fuinctiorr% Uar described The principal design paraenteers aer 18-52)
reviewed with particular reference to user rittuireirlunts arid huiiirrn Tire irrtroductionr of several new combat aircraft which haree
factois, arid anl outline Is given, of curreirt problems r1 

inail tire structural integrity and the ernginre power to execute maneuvers

andoain display legibility edbihra.rarirApurrtuorrg at high levels of acceleration for considerable periods of time

and ispay ompist Auhorreintrmoduces tha conicept that certain otaerations, particularly err
to sir comrbat. may be physiologically limited rather then lmited '
by aircraft design paramretears. An acceleration level of SO sustained

N7S-27857 Royal Air Force Invi. of Aviation Medicine, for 00 seconds lies been suggested as a point to which acceleration
Fanoog lEngilandl. protection should be aimed, although higher G levelsm for shorter

arYIbOrOuGhCA LIMITATIONG TO HIGH SPEED ESCAPE periods of time canl be expected Two methods of high G protection
PHYSOLOGCALare presented. one using a reclining seast and the other using

David H Glaistair Ir AGARD 4th Advanced Operational Aviation immersion of tlIre body in water Author

Mod Co~utrse May 19786 1 p refs lFor availability see N76-27846N7.52 omiArFrentof vainMdcn.
at52 several0 sRoyal inr tiree eletio ofuec are-io IMetedicine. ITDEIG

Tire torces whrichr must be imposed for satisfactoiry high-speed Farnborough (England)
electioni arprfoaclr. Or even surpass, the lirrits of humern toleranrce A COMPARISON OP RECENT ADVANCES IN BRITISH

* ~~~~~~acceleiratron of tle election seast; (2) the -Os acceleration dueJWDais nAAF 4h dvrcdOetoalviin
to windm drag, 13) direct (pressure) and indirect (flail) effects of Med Course May 1976 3 p rats (For availability see N75-27846
wirli] Irlast. (4) other irrertial forces (centrifugal, tangential) due 18-521
to seat irrstability. 151 opening shock of driogus paraculute and Comparisons iii the fleld of a knee length anti-G suit end
rrraii carropy. arid. (6) ground impact Of these forces tiria first an esterrral aniti G suit. with the standard British antllO suit
mnust be increased to achieve tail fin clearance at high speed. worn culose fir the skin pore describerd and the results discuased.
thu vrcorir srid thrinr incresase with the squatre of indicated air Author
speed tiria fourit increases with airspeed. aridh the fifth must be
rrnrcarnerie if espcape sf uptab successful in the high-speed low-level N76-27853 Royal Air Force lost of Aviation Meudicine
came Only tire las loran is uninfluenced by aircraft speedi at Faroborough [Erngland)
tirltictinn aunti the rrnisasge met clear high speed has a major THERMAL PROBLEMS IN MILITARY AIR OPERATIONS
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J R. Allan rin AGARD 4th Advanced Operational Aviation N76-2786S Ruoyl Air Force Inst. of Aviation Madicine.

Mad Courts May 1976 2 p (For availability see N76-27846 Farnborough (England)

V 1852) SEAT MOUNTED OXYGEN REGULATOR SYSTEMS IN

The thermal problems of an alrcraw functioning in air UNITED KINGDOM AIRCRAFT

operations over the full range of natural environments are A J F MacMillan Irn AGARD 4th Advanced Operational Aviation

discussed A S K Med Course May 19"6 2 p (For availability see N76-27846
18.52)

The rationale for mounting a demand oxygen regulator

N76-27164 Royal Air Force Inst of Aviation Medicine. assembly air the election soat of combat aircraft is described

Farnl'orough (England). Cold Environment Rasmaich Sectinn "lie special facilities whicrh have been incorporated in systems

OPERATIONS IN COLD ENVIRONMENTS usod in the Royal Air Force by utitizing the advantages of veat
P Marcus In AGARD 4th Advanced Operational Avritioii Med rnounting are discussed and it is considered that the system

Course May 1976 3 p (For availability see N76-27846 10-52) provides true duplication of essential components, allows very

The inoldence of cold streas In military aviation is discuased simple crew drills and ieduces aircraft servicing penalties in the

together with methods for overcoming the problems it poses. event of malfunction of the regulator packege. Author

by cabin conditioning or by the use of insulating or heated
garments Protective clothing is oleo required by aircrew to aid
survival in enmergencles and the principles of its design arei N70,27899 London Hospital Medical CoIl (England). Phaima,

considered. Lastly. an account is givrie of the RAF's permanent cology Section

cold climate detachments and of cold weather operational and ABSORPTION, METABOLISM AND EXCRETION OF

survival training Author HYPNOTIC DRUGS
Stephen H Curry Irp AGARD 4th Advanced Operational Aviation

N7T-27865 Royal Air Force trisl of Aviation Medicine. Med Course May 197 7 p rats(For avalabilityee N70-27146
Fainorough (Egland8.521
THERMAL PROBLEMS IN HIGH PERFORMANCE AIR. Absorption, metabolism and excrition are the processes which
CRAFT govern the growth and decay of plasma concentrations of all
J f Atlan Iri AGAI'ID 4th Advanced Operational Aviation duga. including hypnotics Vartatlons in plasma concentratlons
MJd Course May 1978 5 p rethFor availability ate N7sv2784i lead to corresponding variations in effect, although the exact

detail of the relation between level and affect is more complex
1Aitb2) than is implied by this statement Existing date on absorption.

A genral review of current desira gn trendm s in metabolism arid excretion for the vatious hypnotic drugs are of
pertorirrice aircraft, their uiglihs ard variable detail. Total absorption of oral doses is generally belleveid
their solution is given. Author to ocCur, although when systermallcally esxamined, absorption has

teocomeimes been found to be Incomplete Metabolism occurs by
N71t.2716 AnRyal Air Force Insit of Aviation Medicine,. a variety of reactions, but only occasionally to phalmacologically.
Fermborough (England) active compounds Exoralion is of both unchanged drug and
PERSONAL THERMAL CONDITIONING mretebuuiess in bile and urine These events and processes es
Craig Saxton Ini AGARS 4th Aduvanced Operational Aviation they relate to hypnotic drug actions ore conildered in detail.
Med Course May 197d 6 p [For availability see N76.27146 Author
10652)

The inadequacy ni cabin conditioning systems in high N7S.27870 Royal Air Force linst. of Aviation Medicine,
performance aircraft his ruaulled in sircaiw being exposed to Fetnborough (England)
severe hast stress situations within the cockpit anvironment during RESIDUAL EFFECTS Of HYPNOTICS
certain flight profiles. To alleviate the physiological strain imposed A. N Nicholson /i AGARD 4th Advanced Operational Aviation
upon the man. methods of thermally conditioning the Med Course May 1978 8 p refs (For availability see N76-27846
micro.envlrunment within flying clothing assemblies have been 18-521
Investigated and applied to operational situltione The cooling The residual alfects of hypnotic drugs ofter their therapeutic
agents used in the personal thermal cundltoning role have bean purpose is fulfilled was conidered Teal subject motor skills
sit or watltr The former hal been utilized either as an evaporau were examined fores idual effectse using a method of t silpltl
live agent or convective cooling agent The relative merils of tracking A.S.K
the differient parsonal conditioning systems are discussed and ak
case made for the development of a practical llquid-cooled suit
system for use in present end future hligh.performsnce aircraft

Author N77-16721# Advisory Group for Aerospace Research arid

Development. Paris (France)
BIOPHYSICAL PROBLEMS IN AEROSPACE MEDICINE
Dec. 1976 187 p In ENGLISH and FRENCH

N76.270E7 Royal Air Force Inat of Aviation Medidcine, [AGARDAR.84. ISBN.92-935.0116-3) Avail NTIS
Fornborough (Englaind) nC AOS/MF AO1
FArINborug iATOAdO GN).Present knowledge in the field of extraterrestrial radiation Is

CABIN PRIESUNISATION AND OXYGEN SYSTEMS. reviewed and the exposure of flying personnel to cosmic radiation
REOUI EMS NYS
J. Ernoting In AGARD 4th Advanced Operational Aviation is examined. The use of (lsers and radars in military aviation is

Mad. Course May 1976 S p refe IFor availablilty see N7t7.27846 discuasd Emphasis is placed on the flight safety and protection

18.52) of flying and ground personnel and on the primary concern of

The conoiderable interactions between the physiologicel medicel officers in the various armed forces Information is

requirements for cabin pressuriillion and the retlationship between given oii the posltive aspects of oaure of the research undertaken

conceintration of okyuen ard cabin altitude required of oxygen For individual tItles, aeel N77.15729 through N77-16733.

delivery systems for aircrew in flight are explored. Although work
performed until 1960 suggested that hypolia Inducedby breathing N77-16729# Atomic Weapons Research Establishment.

air at altitude$ of up to 8,000 feet was acceptable, investligatlon Aldermeston lEnglend).
performed more recently at RAF lAM and elsewhere suggest COSMIC RADIATION DOSES AT AIRCRAFT ALTITUDES

that the maximum acceptable degree of hypoxla for eirnrew in E. W Fuller rin AGARD Blophysical Probi. in Aerospace Dec

flight is that associated with breathing air at 5,000 feet. The 1976 p 3-26 relf (For primiary document see N77-1672B
incidence of hypoxia due to malfunction of oxygen delivery 07.52)

equipment arid of decompression sickness at altitudes above Avail NTIS HC AOS/MF A01

20.000 foet is such that the maximum cabin altitude in combat The radiologicl doses associated with cosmic radiation in

aircraft should riot exceed 20.000 to 22.000 feet The concentra- the altItude bonds used by military aircraft are examined. Three

tlion of oxygen which must be breathed to avoid transient hVpoxia altitude bands were studied; 35.000 to 40.000 It (200g/aq cm)
on sudden failure of a pressure cabin even when 100% oxygen used by subsonic lots. 50,000-55,000 ft (IOOg/gq cm) for

is dolivered to the respiratory tract Immediately the decompression supersonic aircraft operating at about Mach 2 and 38.000 ft
occurs Is generally greater in high diffirential pressure aircraft (20g/sq cm) for aircrafh operating at Mach 3 It was seen that
than that required to prevent signitlicnt hypoxia with the pressure the greater part of the dose arises from lightly ionizing radiation

cabin intact Even in modern combat aircraft this consideration and from neutrons of energy up to a few MaV For these radiations

requires a higher then 6.000 feet equivalent breathing mixture the procedures for converting the data from flux measurements
at aircraft altitudes greatar than 35.000 leet Author to does estimrates are well -stablishid in principle Author
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N77-1673O0# Hapitat Begin, Sit Mands (France) lactic acid and acid basic neutral drugs which may have altered
BIOLOGICAL STUDIES OF COSMIC RADIATION tilie flight parircrmance of an individual 68B
Rt. P. Delahaye and A Pfiuter In AGARD Biophysical Probl iii
Aerospace Doc 1976 p 27.36 refs (For primary documnent N77-17712# Institute of Aviation Medicine. Fuerstenfoldbruck
see N77-15728 07-52) (Waist Germany).
Avail NTIS HC A08/MF AOI DEVELOPMENT OF AVIATION ACCIDENT PATHOLOGY IN

Various types of experiments pertinent to the biological effecta THE FEDERAL REPUBLIC OF GERMANY
of cosmic radiation are discussed It is concluded that cosmic S Krafft In AGARD Recant Expeiienca/Advan in Aviation
rays may be hazardous to personnel of space flight of tong PuthcI Dorc 1975 5 p rats lFor primary dtocumenet ese
duration N77t17710 08-62)

Avail NTIS IIC A07/MF A01
N77-16731#f Hopital Begin. St Mande IFranvel Resp~onrsibilitiea and problemrs of aviation accident pathology
RADIOBIOLOGICAL PROBLEMS OF HIGH ALTITUDE aru merntionedI andtI he rimportanrce of aviation accident patholotiy
FLIGHTS (BELOW 25 Ism) Ior ili preveintion of aircraft accicienits and flying safety iis
Rt. P. Delehays and 0. Sturiock In AGARD Biophysical Piobl discussed. Historical development of aviation accident pathology
in Aerospace Dec. 1978 p 37-44 rets (For primary document . in Germany is presented in detail. Be.
see N77.t18728 07.52)
Avail: NTIS HC AOS/MF A01 7-71#Cnivd ahrhsd adcn tootqe

Various forms of irradiation Are studied, small doses of galactic NParis 13 (Fa cer)e.cechsd eele eoatqe
cosmic radiation, large doses from solar flares, and exposure toPri(Fna.

heay ins.Ris de t folocrcricgenalsan th deuctonTHE PLACE AND ROLE OF MEDICAL SERVICES IN FLIGHT
hfliev ioans. s due it)onzg radioatilogneare exmned th d Suto SAFETY STUDY OF THE ORGANIZATION AND MEANS

of ifespa du toIonzin raiaton re xamned I SUSED IN Till FRENCH AIR FORCES [PLACE IT ROLE

N77-16732# Navy Dept.. Washington, D.C DES SERVICES MIDICAUX CAN$ LA SICURITS DES VOL$
NON IONISING ELECTROMAGNETIC FIELDS: ENVIRON. ETUDE SUR L'ORGANISATION IT LBS MOVING MIS IN

MENALOEUVRK DAN$ LES FORCES AEIEIIINNIG FRANCAISESIMETLFACTORS IN RELATION TO MILITARY PER- P. M. Pinganneud In AGARD Recent Eaperionce/Advan. in
B.Srvnl and P. E. Tyler lIn AGARD Biophysical Probt in Aviation Pathol Dec. 1976 8 p In FRENCH (For primary
Aerospace Doec. 1978 p 45-74 refs (For primary document AvailentI see AN77-1711 AO8

seei NTI HC72 8 /M 07 012 Tho importance of the htunman factor in the causes of accidents
Avi TIS elctrmgei A adiatM o A of o s icssdwt atAir incidents Is discussed along with the necessity for doctors
emhasi electromagnetic hzrdiatinof radiring dscute s. d with to actively participate In flight safety. Organizational structure

emphsison ts otietia haard tolivig sstes. S.and regulatory disposition effective since 1976 are stt lied, and

N77-1S733# Sanitaoetamt der flundesweshr. PlAtainenweg (West the functions of the medical profession In the investigidion of
Garmnyl.the causes of accidents or air Incidents are defined.

MEDICAL ASPECTS OF LASERS AND LASER SAFETYTrn.by8.
PROBLEMS
W. Schwarmen lit AGARD Biophysical Probl. In Aerospace Dec. N77-17714# Royal Air Force, Halton (England) Div. of
1976 po 75-89 refs (For primary document see N77-`107211 Aerospace Pathology.
07-52) AIRCRAFT-ACCIDENT AUTOPSIES: THE MEDICOLEGAL
Avail NTIS HC A08/MF A01 BACKGROUND

Laser technology is explained. The benefits and hazards from John L. Christie In AGAIID Recent Experiance/Advan. In Aviation
a biloinical perflonrtiv.. are dierrusseod. L.S. Pathol. Dec. 1976 13 p refs (For primary document see

N77-17710 08-52)
Avail- NTIS HC A07/MF A01

N77.17710# Advisory Group for Aerospace Research and Problems encountered by thea aviation pothologlat seeking
Development, Paris (France). to pernformn autopsies orr the victims of aircraft accidents arm
RECENT EXPERIMENT/ADVANCES IN AVIATION PATHOL. evaluated. Authorities having jurisdiction In special cases to
OGY conduct investigations are mentioned along with the various
Dec. 1978 148 p rats Presented at the Aerospace Med. Interests of each group for conducting their investigation. BE.S
Panel Specialists' Meeting, Copenihagen. 5.9 Apr. 1978
(AGARD-CP-190: ISBN-92-835-0184-5) Avail: NTIS N77-1177`15# Italian Air Force Medical Service H. 0., Ronre.
HC A0?/MF A01l MEDICO-LEGAL PROBLEMS OF FLIGHT ACCIDENTS

Application of the methods and techniques of pathology to INVESTIGATION
the Investigation of aircraft accidents and waromeicadol problems Gaetano Rlotondo In AGARD Recent Espenience/Advan. in
are discussed. Problems concerning locat, national, and ititerna. Aviation Phthoi. Dec. 1978 14 p refs (For primary documennt
lionel law In determining jurisdiction and other (medicolegail see N77. 17710 08.52)
questions are cited along with special methods that aviation Avail: NTIS HC A07/MF A0l
pathologist employ to aid in evaluation of the postmortem Necessity Is premised of close collaboration between the
findings. nhese methods Include developments in toxicologic specialist in forensic medicine and the flight surgeon, In flying
examination of tissues. roentgenographic sevaluation analysis of accidents investigation. These accidents are aurveyed in their
specific Injuries, and Injury patterns and psychological factors different types. various traumatic meciranlame slid possible
were studied. For Individual titles, see N77-1771 I through correlations existing between physlo-paychicual conditions of flying
N77 1 7729. personnel and genesis of single accidents. Different body lesions.

sustained by victims of fiight accidents, are deeply examined
N7?.17711i# Armed Forces Inst. of Pathology. Worthington, They are divided info lesions peraioning to skeleton, internal organs
D.C. and external teguments; and pathogenetic Interpretation of each
DkVELOPMENT OF AIRCRAFT ACCIDENT INVESTIGATION injuries is discussed. As conciusion. reconstruction of catases and
PROGRAM AT THE ARMED FORCES INSTITUTE OF wave of flight accident production is discoussed. This can be
PATHOLOGY possibiy carried out through the sexainnation of differential
William R. Cowan /it AGARD Pecent Experience/ Adva n. In characteristics o1 various traumatic findlingis of the different types
Aviation Fathol. Doc. 1970 3 p (For primary document see of accidents, considering kinedyrramics of the single accident as
N77-17710 08-52) wail as the phose in which the injuries were sustained Iprecipita.
Avail: NTIS HC AO7/MF AO tIlan. or explotive decompression with subsequent precipitation.

The evolution of sirrirft accident Investigationrs in civilian or Impact on the grouird followed by an explosion or not, or
and military aviation is presented. Three main principles governing explosion In flight followod by Impact. oi finally the terminal fire
medical support of fual accidents: (1) environmental factors, on board with or without inhalation of smoke or toxic gases)
(21 traumatic factors, (3M proexeisting disaarso processes are cited. From this reconstruction useful elements cein be obtained, for
Application of the tools of the forensic oolhoiogiet to the problem the prevention of flight riccldents and dependent Injuries. Author
was Initiated. Environmental factore such as canbinn monoxide.
and fuels were given top priority along with development of a N77-1771B# Contra di Studi a Ricurche di Medicine Aeronautica
procedure for lactic acld to distsct hypoxia. Snratening procedures e sperale.lf Rome (Italy).
for alcohol and drugs were also developed, along with procedures LEGAL ASPECT@ OF FLYING ACCIDENTS INVESTIGATION
ainnducted on each specimen for carbon monoxide. ethyl alcohol, DISASTER VICTIMS IDENTIFICATION
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(1 Paolucci In AGARD Recent Experienne/Advan. in Aviation analysis whon considering all thtree cycles or the physical and1
Pathol Doe 1976 4 p refs (For primary document sere emotional cycles alone. and ill'waer srtudied with a critical pberiod
N77-17710 08.62) of 24i or 48 hours' duration.' Author
Avail NTIS HC A07/MF A0l1.

Biological arnd non-biological systems for identification of N77-17721# Armad Forrces Inst. of Pathology, Wasthirngton.
victims in aviation disaster% are discussed and described in detail. D.C.
Some of tie mrethods mentioned are the following non-biological TH4E INTIERPERTATION OF PRECENTAGE SATURATION OF
method: Ill direct idontrficetiorr. 12) identification by exclusion, CARBON MONOXIDE IN AI RCRAFT.ACCI DENY FATAU.
(3) identification by exairination of clothing end personal effects. TIES WITH THERMAL 4dJURY
biological methods: (1) dilfinllion of race. (21 determinration of Joseph M. Balle end Abel M Dorinigues lit AGARD Recent
sell 131 esllrratior of age 14) determination of individual Emperienca/Advan. iii Avilitlon Pathol. Dec. 1076 8 p refs
chareteristics B 8 (For primary document err.'- N77-17710 08-52)

A Avail NTIS HC Aol/MF A011
N77-17717# Armned Forces hint of Pathology. Washirngton. Victims of airoraft-salccoidn fatalities suffering severe thermal
D.C. trauma (as defined by second- or thitd-dogrto burns and/for
PROCEDURES FOR IDENTIFICATION OF MASS DISASTER percent baturstion of carboxyhomoglobin values of 110 or greater)
VICTIMS were evaluated. Of 618 cases accessioned from, 1968 through
A bert R. M ooekin Ir AGARD Recent Experience/Advan. in 1974, 83 tied althar sublethal or nco physical trauma. The
Aviation Pathol. Dec. 1970 8 p raef (For primary document mechanisrr of death in such causes is 111) glottal spasm,
see N77.17710 08.521 bronchospasnir. or acute edoem of the upper respiratory passage,
Avail NTIS HC A07/MF A01 12) cardiovascular collapse secondary to vagafl inhibition, (3) acute

The problems of Identification of mess disaster victims is thermal hyporkelaniia potontlated by high levels of circulating
discussed. Various techniques and identification methods are catehoiarriitei, (41 complete combustion of flammable nmaterial
cited. B.S. by on-board oxygen supplies, producing an Intense fire without

the production of CO. or 15) poisoning by other toxic products

N77-17718# Institute of Aviation Medicine. Fuerstonfoldbrucic of combustion Author
(West Germany).I.HISTOLOG3Y IN AIRCRAFT ACCIDENT RECONSTRUC. M77.17722# Institute of Aviation Medicine, Fuersienfoldbruck

TION (Weal Germany).I
G. Apel In AGARD Recent Exparience/ Advan. In Aviation TOXICOLOGICAL ASPECTS IN THE INVESTIGATION OF
Pothol. Doe. 11976 3 p refs (For primary document sere FLIGHT ACCIDENTS
N77-177 10 01:1.2) 0. Powita in AGARL) Recerrt Esperience/Advan. In Aviation
Avail; NTIS HC A07/MF AWl Pathol. Doe. 1976 4 p refs (For primary document see

Histological methods of examining aigans of fatally crashed N77. 17710 08-52)
* pilots are discussed as a meant of revealing diseases which Avail: NTIS HC A07/MF A0l

may have limited the flying fitness of a pilot. Various cardiac Tewrigmtoso h ena lgttxclg okn
coniplicalltioris rare nervous diseases, and communicable diseases group were examtied Positive alcohol results required a
endemica only In certain parts uf the globe are cited as sums of determination of the water content and a test of possible

the ausc rveald trouh hrrioopiatlexainaton f plotputrefactive proearra. Thre various procedures for blood alcohol
fatalities. B..determination wnrro compared and It was found that the enzyme

method furnished highl values differing from others. Gas.
N17-771# Istiuteof viaionMedcin, Fersenfldbuckchromatography idanilifed sorme endogenous substances and

N77-7719 Iom nsttty fAitinMdcnl.rtnedrc putrefactive componenta respectively, some cases of joint

THE ASYMPTOMATIC SILENT MYOCARDIAL INFARCTION occurrence are mentioned. The disadvantage of the photometric
AND ITS SIGNIFICANCE AS POSSIBLE AIRCRAFT determinration of carbon monoxide in burned corpsest weet
ACCIDENT CAUSE illustrated. Extraction methods required for chromatographic
G. Beckmanrn and W Elsenmeriger hI AD ARD Re~entm separatiorn& of biological material were discussed and tome
Esperience/Advan in Aviatioin Patfii Dlue. 11170 3 p ~ disadvantaeges compared. Author

Avil Nr HEr.rur dlriit' ussNV 7 A017 ID0M277-17723# Royal Air Force tinst. of Pathology and Tropical

yInc~raildirsi Iiirletictrr in pilots is dliscussed as one of the Medicine, Aylesbury (Enrglandil.
n~rittui% ot-Abl cIss it iriat isates wo ass reRECENT AGRICULTURAL AIRCRAFT ACCIDENTS IN THE

irandrui 1in wic i'Alrri ;,ri of aircaf 4 isasters twd olrpai cases ar UNITED KINGDOM
citotediwinah liaiR~ :( uit 43i cuatu (Isr o'dta omplatined abousta D. U. Wooten In AGARD Recent Espeilanca/Advan. In Aviation

rnlrrtirrsiirxl ~ ~ ~ ~ ~ C luii r iri lreri titrua ttpclsynue thol. Doec. 1978 7 p (For primary document sea N77-17710
ii. rn~rirluuitit lyporxim inciduides Sirrus there was no0-2

FiiLt~ilniutnt poiri there wax rio cuitae fur and examination by I Avail; NTIS HG A07/MF A01
rintrvailsor tou tnhsi onpwti voiv1inuientt thei ECiG dtty.n Aftrieng Agricultural aviation accidents ware analyzed for cabuse,

intevalof O ionrlij enpctiirl 1 rroirh hu GG ~ke duinggeographical distributionr, and frequency The probability of an
thes lierroidlo flying litnenni esrrrrrnatio~n riivualnd the symptoms eccidont occurring increased Indirectly with age of the plot and

of 11ycalia ifrctin ufetu b te ospl Aute irors directly with his esparierros. Pilot error was the direct cause of
Authorthe majority of accidents. Improved education aod legislation

would help to reduce the exposure to toxic chemicals. Authtor
N77-17720# Anrmed Forcec Inot of PathologyV, Washington.
D. C. N?7-17724# Armed Forces Intl. of Pathology, Washington,
CORRELATION OF OCCURRENCE OF AIRCRAFT AC. D.C. Div, of Aerospace Pathology.
CIDENTS WITH SiORHYTHMIC CRITICALITY AND CYCLE ACCIDENT RECONSTRUCTION FROM ANALYSIS OP

PHASEINJURIES
John H. Woicoltt Hioberi t FfMrileasiri. Robert E Blurgirn (Noll. Joseph M. bal10 stid Robert R. McMeekin In AGARD Recant
Transportation Safety Board), and Robert E. Vsnriwifih (FAA, Euierierrnco/Advan. in Aviation Pethol. Doc. 1970 11 p eofu
Washingltorn. ) ClI In AGAHiD Maccoit Expuriuncni/Alvair. lir (For prinmary document see N77-17710 08-52)
Aviation Pethiti. Dect 1076 14 I) rtefs (for pnirriry dlocuimenrt Avail. NTlG HtC A07/MF A01
usee N77-17710 08-152) From air ongoing studyl of over 500 fatally injured crewmern-
Avail: NTIS HG A07/MF A01 bntirl of U.S military aircraft every year and an analytically oriaontod

Thre okur~nirurrc of oirirarft acroiduirts oir various blorirli~hiric riraearch program In which Injury patternae were verified by
phaissai of rcyclvs was ialurfiecl. Aircraft accident data were obtalnins comrputerizad simrulation techniques. estimatos were prepared of

fotirhe Njationral lraniatortatioir Safety Board for general clvii injury correlated with both the magnItude and the direction of
aviation and frorri thu U. S. Army Agency for Aviation Safety tire Applied ilecolvartive foicri- When an accurat@ tabulation of
for military riccidwrts. lire accidents were divided Into twro groups. postmortem rinjuries was correlated with measurements of the
pilot and nunpilot involved cursima using the couset factors given path of the airaraft shfts it struck this ground, the dynamics of
by thre respecitive uccidtirt boards. No correlationi was found impact Were, deduced. This procesas was Invaluable for accidents
betweren tre vurcuierncs of aircrafr accidents and eifher tia kcrlitcai that occurred Without witrresses or survivors and In which crash
itertod. tire irrrarivn phase, or ithe peak dlays of the negative damage to flight Irnstrumrentsato the absence of flight-data recordara
phir n of tire bicrhiythriric cycles Data ware evraluatedt hy chi-square made calculation of Impaect Irinematrios difficult. Skeletal Injuries,
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Particuilarly Vertebral compression fractures, lacerations anid ROENTGEN~OGRAPHIC EVALUATION IN FATAL AIRCRAFT

contusions of viscera. aortic tenrs arid lacerations, and cutaneous ACCIDENTIBcontusions caused by conrpincistlon of harnesses and seat belts, Richard A. Mosby and Robert R. McMeekin In AGARD Recentwore Inmportant factors in deaternirning the direction and magnitude Exprrgenien/Advan. in Aviation Pothol. Dec. 1976 7 p refsof the deceleration vector Author ic"' p.iniary, document see N17717710 08-52)
N77-772# Ary A~iosdiol Rsearh Lb..FortRucer.Avail NTIS HC A07/MF AO1
N77.772~ Amy Aromdici Reeerh Lb., ortRueer.The roentgenogram was evaluated as having great value InAla. 11ioenoiniraingrirrr n Life Support Equipment Div. the investigation of fatal aircrafh accidents The entire spectrum

HEAD INJURY PATHOLOGY AND ITS CLINICAL, SAFETY of the accident was evaluated with this mtrcliity magnifyingAND ADMINISTRtATIVE SIGNIFICANCE and enhancing the information available Calibration of the
Stenluy C Kinapp and Thomas M. Erhardt In AO'iRO Recent roenrtgenogram tor use in the Investigation of a fetal aircraft
kxpetsnierr/Adveri in Aviation Pathol. Dec. 1976 9 p left accident provided even miore useful and factual data. Author
iFor primary document see N77-17710 08-5i2)
Avail NTIS HC AO7l/MT AOt

A review of head traume in wmr. vahicuist accidents. sports. X77-72034 AdvisorY Group for Aerosrpace Renearch slid
and aviation demonstrated that while the head constitutes roughly Doselopnrlairt. Parls iFrance),
9 percent of the body's weight, surface area and volume, It Is FOURTH ADVANCED OPERATIONAL AVIATION MEDICINE
Implicated in 7 out of 10 body Injuries. Head treumra causes an CUS
unacceptable I In 4 deaths and for motorcycling it camuses a J. E~rnaintg. ad. and A. N. Nichoieon. ad. Jun. 1976 72 pstaggering t out of avery 2 deaths. It was proposed that (AGARD.R-842.Suppii Avail: Advisory G~roup for Aerospace
*sarniiration of head trauma. Its coste and the effectiveness of Research and Development. Paris. France NAO-Clessified report

*provided protection must appiy the analytic tools of epidemiologyNOI:Avibito.. vemntAncs
not oniy to the Injury but to the equipment as well. PreventionNOIEAvialtoUSGven ntgncs
roquires anticipatory action, based on the knowledge of proteCOIve'pertormarcic history, in order to make the onset or furtner Aspects of aviation medicine of current concern to theoccurene o injry nliely.Autur ffectivenesy of NATO ail forces are covered. The topics Inciudeuccurthd of njuy unikdl. Auhorthe training of airorews in, aviation medicine, medical aspects of

N77-772# Naal erosaceMedial eseach ab.,Nownavel 11eticaPtor operations on the northern flank of NATO,
N77.772i41 Nava Aeoepce Mdicl Rsearh Lb.,Newdeveiop~ments Iti personal equipment with special reference toOrleans, La. helmest deveiopments, high Spieed escape arid thermai probiems,*NEUROPATHOLOGY AND CAUSE OF DEATH IN U.S.anthusofhpoi&nal erinl.ArprtosadNAVAL AIRCRAFT ACCIDENTS edteueo yntc naroeain.Aroeain nt.honning L, Ewing and Friedrich Unterhernacheidt lin AGARD clicnucai warfare drej dliscuamod, In which the operational, chemical,Recet EparlnceAdvn, I Avatin Pohol De. 196irprmdical. arid personral equipment aspects of chemical agents

refs (for primary document ase* N77-177J10 08.52) aer piesentrsid, as weli as tlre problems of Personal protection.
Avail: NTIS HC A07/MF A011 Author

A frequent cause of death Iii naval aviation was hypothesized
us drowning. associeted with acceieration concussion perhaps
due to nock stretch. Aircraft accident fatality data for the U. S.
Navy ware presented as a measure of the population at risk

jr . nd recent date from the literature which might explain the
causative mechanism of acceleration concussion are presented.
aRecommendations for Improved statirdrd autopsy protocols for
aircraft fatalities were presented. Author

N17717727# Institute of Aviation Medicine, Fuerstenfoldbruck
(West Germany).
CLARIFICATION OF A FATAL HIILICOPTEIR GROUND
ACCIDENT THROUGH FORENSIC MEDICAL METHODS

G. Apal In AGARD Recent Esperience/Advan. in Aviation
Pethol, Dec. 11976 3 p rats (For primary document seeNA77-17110 00-52)Avail: NTIS HC A07/MF AOl .

j accident, which was clarified through forensic medical methods.
problems of accident prevention were pointed out, especially
the conspicuity of rotating propetlers. tall rotors and safety
markings The dangers encountered as a result of vigilance and
concentration disturbances in personnel caused by stress of
noise, workload, end distraction were discussed. Safety measures
required were also presented. Author

N77.17726# Royal Air Force Inst. of Pathoiogy and Tropical
Medicine, Aylesbury lEngianidl. Dept. rif Aviation Pathology
and Forensic Medicine,
FATAL HELICOPTER ACCIDENTS IN THE UNITED KINa-
DOM
A. J. C. Balfour In AGARO Recent Esperience/ Adven. In Aviation
Pathoi. Dec. 1976 8 p (For primary document see N17717710
08- 52)
Avail: NTIS HC AO?/MF AOI

There were 27 fatal helicopter crashes Investigated In thes
United Kingdom In the years 1956t0 1975; there were 52 deaths
end 15 survivors, Of the crashes 25 percent were survivable
and prodtuced 16 percent of the Casualties end 13 percent ofK ~the survivors. There were 44 men killed In the rrorrsurvivable,
accidents and 4 escaped. In the 8 survivable crashes 8 men
died; t6 drowned, one died from fire, one died from traumatic
asphyxia. and one aubiornannd out of his safety harness. The
catualties emphasized the need for furither Improvements in

triigand in helicopter crash worthiness. and for the best
early rescue fanilities that can be provided. Author

N77-17729# Brooke Army Medical Center. Fort Sam Houston.
Tax.
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53 BEHAVIORAL SCIENCES inorease in fatigue is a common influence on performance. andi3BEHAVIO:t interacts with other rsor to enhance the tss-induced"Includes psychological factors; individual and group behavior; physiological responses. Deprivation of sleep stage rapid eye
crow training end evaluation, and psychiatric research, movement (REM) or sleep stage four products no behavioral

changes supportive of earlier beliefs that these two stages,
especilaly stage REM, are necessary for effective waking
behavior Author

N74-1S6 71# Advisory Group for Aerospace Research arnd
Development, Paris (France). N75-10706#f Advisory Group for Aerospace Research and
MATHEMATICAL MODELS OF HUMAN PILOT BEHAVIOR 'DAvelopment, ParEs (France).
Duane T. M`fRuer (Systems Technol, Inc, (Hawthorne. Calif) COLO. PHYSIOLOGY, PROTECTION AND SURVIVAL
and E S Krendel (Ps Univ.l Jan. 1974 83 p refs Fr|dtjA Vogt Lorantzen (Roy Norwegian Air Force, 0slo) Aug
IAGARD.AG,18S: AGARDograph. 1S18 Avail; NTIS HC 67L25 ', t14 44 p refs

Methematical models of the human pilot are used for analyses IAGARD.AG-t14: AGARDogruph-1941 Avail: NTIS HC S3.75
of the pilot/vehicle system, Elementary concepts and specific The possibility of survival In a cold environment alone or in
physical examples are used for a step-by-step development of combination with other physical stresses, lie& mote in the field
what is known about the human pilot as a dynamic control of technology and engineering, than in modifying human
component In the process, quesi-linear models for single-loop physiology. Practical points concerning survival techniques and
systems with visual stimuli and multiloop systems with visual equipment are discussed. The mora serious problem encountered
stimuli are presented and than extended to cover muttiloop, by a single man with simple equipment which has the highest

multi-modality situations. Empirical connections between the pilot possible efficiency/waight ratio Is considered, Author
dynamics and pilot ratings are also considered, Nonlinear features
of human pilot behavior in adapting to changes in the character

of the stimuli are described and tied to the quiel-Ilnear models
via the succesaive organlastion of perception (SOPI theory, which NT7-116lill7# Advisory Group for Aerospace Research and
is reviewed and elaborated, Dual-mode control models needed Development, Pods (France).
to describe the pilot's behavior in responso to sudden transients SIMULATION AND STUDY OF HIGH WORKLOAD OPIRA.

are presented, along with pursuit and compensatory elements TIONS

of the SOP continuum. The currant status of nnthematicel pilot A. N. Nicholson, ad. (RAF Inst. of Aviation Mod.) Oct. 1974
models is shown to cover random, random.appesring, and transient ' 120 p ref, Presented at tha Aerospaep Mrd. Pnenl Specialiat
inputs for single. and multi.loop system configurations, A Meeting, Oslo, 24-26 Apr. 1974
bibliogrohy of applications and a summary of analysis problems iAGAR-CP.1401 Avail: NTIS HC 65.75is included. Author The use of simulation for the evaluationl of sirerew perforrmnone

in high operational work load situations Is considered. For
Individual titles, see N7I.1268S through N75.12603,

N74.t19784 Advisory Group for Aerospace Research and
Development, Paris (France) N75-12588 School of Aerospace Medicine, Brooks AFP, Tax,
BIBLIOGRAPHY OF PAPERS AND REPORTS RELATED TO SVYTEMS SIMULATIONi A GLOBAL APPROACIH TO
THE GUST UPSET/PILOT DISORIENTATION PROBLEMS AIRORSW WORKLOAD
Clifford F. Newbarry. comp MBoeing Co.. Wichita, Kins.) Feb. Harry M. Hughes, ryoe 0, Hartman, Haul Garcia, and Paul
1974 20 p raft Losano In AGARD Simulsitlon and Study of High Workload
(AGARD.R.St6) Avail; NTIS HC 34.00 Operations Oct. 1974 14 p (For availability see N75.12587

A compilation of papers and reports relating to the problem 03.53)
of an aitplane being upset for atmospheric disturbances end the Ailorew workload can be studied at many different levels of
pilot being disorientated as a result of the upset is presented. detail. In the most general sense. it is a function of the total
Papers are listed by title arrd report number arid, a summary is workload impost I upoit a unit in relation to the number of
also provided whaer available. Author urews in that unit. An airlift system simulation program hut

been designed using this global approach and a number of
simulation studies have been performed. Outcomes in terms of

N74.20720# Advisory Group for Aerospace Research and systems effectiveness measures, craw workload, and crew welfare
Development, Paris (Franca). measures will be presentedL Author
AIRSICKNESS IN AIRCREW
T. 0 Doble (Leads Univ.) Feb. 1974 75 p rets N75.12ii9 National Aerospace Lab, Amsterdam (Netherlands).
(AGARD-AQ.177; AGARDogroph. 177) Avail NTIS HC $6.75 A SIMULATOR STUDY TO INVEITIGATE HUMAN OPERA.

The pro')lem of airsickness Is examined in terms of loss of TOM WORKLOAD
useful training time. Figures are presented which are likely to P. H Wewerinke end J. Smit In AGARD Simulation arid
be typical of those which occur in any modern Air Force Various Study of H1igh Workload Operations Oat. 1074 a p refs (For
methods of reducing this incidence are discussed, as well as an availability see N75-125687 03-$3)
approach to the management of flying personnel with airsick- Human response characteristics In control situations of widely
ness. 

T
he signs and symptoms of airsickness ire described. The varying difficulty were studied. The experiment was aimed at a

aircraft maneuvers which are most likely to induce airsickness better understanding of the humnii operator limitations in terms
are analyzed Author of control effort as includtd In the optimal cuntrol model.

Based on the experimental results a control e(fort index Is
presented. The predicted uontroi effort correlates excellently with

N74,31U50# Advisory Group for Aerospace Research and subjective ratings and seems to have a useful ')onernslty, Author
Development. Paris (France).
THE OPERATIONAL CONSEQUENCES OF SLEEP DEPRIVA. N75-1269O Royal Aircraft Establishment. FPrnborough (England),
TION AND ILIEP DEFICIT Human Factors Group,
Averne C. Johnson (Navy Mod. Nauropsychiatric Res. Unit) and LABORATORY RESEARCH INTO HUMAN INFORMATION
Paul Nehoh (Navy Med. Nouropsyhilstric Rae. Unit) Jun. 1974 PROCESSING
50 p rafs Jo H. F. Huddleston In AGAFtD Simulation and Study of High
(AGARD.AG.193: AGAFlDograph.1931 Avail. NTIS HC 55.50 Workload Operations Oct 1974 3 p (Per availability see

The effects of total sleop loss. partial sleep loss, and sleep N75T-12597 03.63)
stage deprivation are reviewed, with purtinular attention to Pilot workload can be expresed st the coping with two
performance decrement and operational consequences. No main clusters of problem. One cluster is equlpment based and
consistent or uniform performance decrement was found in theoretlicaly amenable to physical modelling, even replacement.
operation studies within the 36 to 48 hour range of total sleep The other cluster lb emphatically to do with humanity: to do
lose most Ilkely to be experienced by airerow personnel, even with those elosive parsonl) gambles on which life Is felt to
though laboratory studies identified decrement on certain types depend. Pilot workload might be the maintenance of a mental
of tasks. Physiological changes are minimal during moderate sleep model encompassing these two kinds of time varying input: the
lose, but mood changes are clearly noticeable. The most likely continued provision of a mnentai solution for two sources of
sleep problems for aihcrew members are those associated with uncertain problem, Respectable transfer function work considers
disruption of sleep-wakefulness cycles end partial sleep loss. varied inputs, monitor outputs, and debate bleak box iontents
Consistent performance decrement Is difficult to find. but marked with a rare freedom. Author
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N75-12591 Royal Air Fates Inst of Aviation Medicine. THE PROBLEM FACING 'HE OPERATIONAL COM-
Forriborough (England). MANDER
EVALUATING MEASURES OF WORKLOAD USING A W. 0. Macnamar. /if AGARD Simulation and Study of High
FLIGHT SIMULATOR Workload operations Oct. 1974 5 p rats (For availability &eai
J. M. Ralts, J. W. Choppolow. R. L. Evans, S. J. E. Lindsay, N75-12587 03-53)
and A. C. Brownlit~j (RAO I n AGAFID Simulation and Study The information availtable to an operational commander oil
of High Workload Operations Ocot. 1914 13 p refs (For the reliability and sarvluoua.itlty of tlie human comrponent In tire

availability oee N75-12597 03-53) air weapons system In limited when oompared to that avaitable
A flight instrument trainer, resembling a twin let communics- for thes aircraft and other systems components. The common

tione aircraft. was used to evaluate questionnaire. performance use of totat flying hours does not provide tho commndeirer with
arie 'ictivity analysis nieasurea of pilot workload. Attempts were Information consistent with that now available from firorew

1716"e to distinguish between the physici.'. perceptual and workload and performance studies. A basis fortfnrd th@ backgroundi
maental ct.-nipionents of workload. For this purpose three flight In the development of a frail approat.1i to proviciiiiq commandrer
planrs were devised. of spproaxrmately eq~ual duration.rr differing with batter Informiationi on tire hiiiiiii -ýoiipurisnt as desicribed.
marnkedly, with respect to thy three ebove coirponiirtte. Six Author
professional pilote flew eacth flight pien end after lending completed N75. 46955 School of Aerosapce Medicine. Brooks AFB, Tex.
qiuestionnaire& to eseesa* the workload levelo and the teask content. Environmental Physiology Brench.
During the flinhis video recordings were made of the pilot's tFNDOCRINE.-METAUOLIC INDICES111 OF AINCREW WORK'
menual arid ipnnrunicatioit ectivity. 'rom the measuras it was LOACi AN ANALYSIS ACROSS STUDIES
possible to obtain significantly different results relating to the Henry 9. Hale, Richard C. McNee. Jamres P. Ellis, Jr., Ralph A.
different flight pians. Those result. were capable of distinguishing Bollinger. end Bryce 0. Hartmant In AaARD Simulation end

6betv'een tire three components of workload represented in the Study of High Workload Operations Oct. 1974 6 po info (For
(ig a Author aveilability see N75-12587 03.53)

N76-1259 Roal Ar Frce nst.of v~elon edicneEndocrine, metabolic measures have been subjected toa
N76.265 Royl Ar Frce nst of viaionMediine cressaoltion ainalysis In en effort to ascertain the basic rolation

Fainborough '.~ed.of endocrine metabolic activity to the workload In either actual
APLIGHT _iIMULATOR STUDY OF MISSILE CONTROL or simiulated flights. For the present purpose, load represents

PERFORMANCE ASl A FUNCTION OF CONCURRENT degree of flight difficulty multiplied by duration. Difficulty woe
WORKLOAD based upon USAF expert rarikings, and duration wee based upon
K. a. 0, Corkindele In I ' ;1 Simulatinn and Study of High fractions of a day. Multiple linear regreession analysis wee
Worklooad Operations Oct. 1074 6 p refs (For availebility aee performetd on date for urinery epinephrine, norepinaphrins,
N75. 12597 03.53) I?*OHCS. urea, Na, K. arid the Ne/IC ratio. This report presents

Eight pilots took pert In a pert task siimuletion of the delivery the fiinding# in the first phose of the cross-sectIonal study
of a satnd-off air-to-surface guided wr. A. k. ~" phace Author
of a sortie wae simulated. This phase lasted some 3 mninutes
and Included*e low level run to the weapon reloss* area, 11115-1121117 Institute of Aviation Madicrte, r-ueratonfeidbruok
weapon releasa, terget detection on the% TV monitor display end Ws emnl

theaimngof he igileatthetr~,.imir evee o wrkladTIME DEPENDENCE OF THE FLIGHT INDUCED INCREASE
were studied. The resuits showf~d that: i1l performance at the OF FREE URINARY CORTIGOL SECRETION IN JET
missile control was degreded by increases in concurrent workload; PILOTS

adverseiy effected by concurrent missile control tasks. Aulthor AGARD Sinmuiation end Study of High Workload Operations
Oct. 197A 6 po rets lFor ausilabilitV eet N75,12567 03-531

A modified competitive protein binding assay of froe urinary
N76.12993 Aerospace Medioal Remoosrch Labs., Wiright.Patterson cortisci using a single solvent extraction and a cortimoi binding
APB. Ohio. giobullin from a dexamethasorie suppressed mete subject wee
SIMULATION OF HIGH WORKLOAD OPERATIONS .4v AIR developed. The separation of bound and free cortisal wes
TO AIR COMBAT performed by adsorptiorr of the frem corthicol to dlextran coated
F. M. Holden, D. 0. ftogeis, and C. P. Replogle hit AGARD charcoal. The sensitivity of the method allowsn to mieasure as
Simulation and Study of High Workload Operati.'is C 1974 low as 0. 2 ng per tube. In seven F -104 pilots flying two missions

4 po rots (For evailabililty asea N75*t12587 0 3-
53

1 1i day tilea 24 htr free urinary cortisol secretion was significantly
Workload meassuremenrts for the study and analysis of hunman migher compared to 12 pilote on day of rest. When 20 F-104

dae ih pcii eoplsfrom air to sir combat man - in-the -loop were evaluated by nieasuring free urinary cortisol excretion In
smltosThimorconclu~des with a dliat.wsioir of ransnin-ths. ahort intervals It could be demonstrated, that only the pilots

loop sirmulation as a technique for ayeteri specific thuman flying early in the morning showed en enhancement of adrenocorti-A
performance data and as a source for the date reqjuired to develop cal activity compared to normal controls, suggesting a tratigs
general niethods and tochniquis for radiating the performance of excitability of the hyp~othalemo-pituifeiryirdretalia system dnuring
of menned weapon systems. Author the day Author

111711112111" Dunlap and Associates. Inc.. Ili Jolla. Caiif. N75.12598 Navy Madical Neuropsyophistric Research Unrit. Sair
PILOT LANDING PElFORMANCE UNDER HIGH WORK. Diego. Calif.
LOAD CONDITIONS EMOTIONAL AND BIOCHEMICAL EFFECTS OF HIGH

C.A. Blrictson In AGARD Simulation and Study of High Workload WON k.LOAD
Operations Oct. 11974 10 p tefs (For availability see N75.1126987 William B. McHugh, Paul Naitoh. and C A. Brnction (Dunlap
03-531 and Associates, Inc.. Lat Jolla, Calif.) tip AGARD Simulation

A longitudinal study of pilot carrier landing performance was and Study of High Woiktoad Operationrs Oct. 1974 9 p refs
conducted to describe the Influence of prolonged operatione an (For viva'bility ass N 75.12667 03.53)
pilot performance. A liindling performance criterion previously A preliminary longitudinal multifactorial etudy of the Inter.
validated in a fleet environment was used to rnresura, end relationshtips of biooheniticril. mood. biographical factors arid
compare pilot and squadron performanc variations over time, landing performance under high work load conditions has been
Three levels of cumulative workload were defined to evaluate carried out with U. S. Naval Aviators. Levels of serumr cholesterol.
cioncomitant cianijes In performance associated with each serum urio acid, blood lactate, pyruvate, and mood assessmenits
workloadi. Pilot landing performrance Improved over time with were maede during periods of nor-ffyiirg activity and during periods
more improvement found in night performance than day. The of increased cumuilatlye work loed. Uric sold values fell during
influence of practice on carrier landings Is discussed In reletion moderate cumulative work load, end cholesterol values fell during
to high cumuiative workload. The performance criterion was used high cumulative work coad. incresasd variability of pyruvate end
to Identify potential itight pilots oii the basis of landiing tiitofsiotic. lactate wnrie noted wvitir increased cunrulativu work load.
High arird low proficiency pilots also were ideintified arrd diagnostic Increased cumulative work load did triot affect emotions on
training information provided. Author peirformiance but altated mood eassociation patterns and altered

the relationships of nood and parformance. Experience wait
N75-12596 Defenceo and Civil Inst. of Environmental Madilaire. correlated with performance under svirco cunrulative work ioad
Dowiraviaw (Ontario). corriitorre. Fmotaion correiated withr peiformnanoe under frigh

AIRCREW WORKLOAD AND HUMAN PERFORMANCE! cumulative work load conrditioins. Author
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N75-12199 Dunlap and Associates, Inc., Ia Jola. Calif. N7S.12603 School of Aerospace Medicine, Brooks AFP, Tax.
PREDICTION OF PILOT PERFORMANCE- BIOCHEMICAL PHYSIOLOGICAL COSTS OF EXTINDED AIRBORNE
AND SLEEP-MOOD CORRELATES UNDER HIGH WORK. COMMAND AND CONTROL OPERATIONIS
LOAD CONDITIONS Ralph R. Bollinger, Robert D. ODonnoll, and Bryce 0. Hartman
C. A. Brictaon. W. B. McHugh (Navy Mod. Nauropsychlatric Rae. In AGARID Simulation and Study of High Workload Operations
UnitI, and P, Naltoh (Navy Mod. Neuropeychlatrlc Res. Unit) In Oct. 1974 9 p raf (IFor availability see N75-125S7 03-53)
AGARD Simulatlon and Study of High Workload Operations During Exercise Night Star the personnel of the National
Oct. 1974 10 0. rale (For availability see N75- 12687 03-53) Emergency Airborne Command Post auccessfully documented their

A preliminary longitudinal study of the factors affecting the ability to meintair. a continuous airborne sltart for an extended
carrier lending performance of naval aviators under high workload period. Biomedical evaluation showed that performance woe
conditions has been carried out. Using atepwise multiple reorossion maintained by the mission teams, flight crews, and ground support
techniques, a substantial portion of the variability in lending personnel, When signIficann fatigue did occur, whether in flight
performance could be accounted for by six factors under zano or on the ground, it developed near the beginning of the exercise.
cumulative workload conditione and by seven factors under The only cases of merked or persistent fatigue were seon in
moderate cumulative workload con-"tions, High cumulative those groups whose day/night, work/rest cycls were shifted
workload conditions sharply reduced peedictive ability. Although and can be attributed in major part to the resulting sliop lots,
specific aircraft experience and total flight experience were However, eli groups appeared to edopt to their new work schedules
important predictors of average landing performance, blood as the exercise progressed. Author
biochemical levels and emotional states had signifinant predictive
ability. Sleep patterns relate strongly to performance. The factors
that determine landing performance change as cumulative as
workload increases, Author Dr

N79-1530#S Advisory Group for Aerospace Research and
Development. Parin (Fiance).

N75-12500 Royal Air Force Strike Command, High Wycombe ORIINTATION/DISORIENTATION TRAINING OF FLYING
(England), PERSONNEL: A WORKING GROUP REPORT
LONG RANGE AIR-TO-AIR REFU•ELLING: A BTUDY OF A. J, Benson, ad. Nov, 1974 82 p refs

UUTY AND SLEEP PATTERNS (AGARD-R-.261 Avail: NTIS HC $4.25
N. H. Mills and A. N. Nicholson (RAF Inst. of Aviation Medl.) Orientation /disorientation training is reviewed of military and
In AGARD Simulation and Study of High Workload Operations civilian alrorew in NATO countries. Deficiencies in currant programs
Not. 1974 9 p rafe (For availability sea N75-12587 03-D1) ar discussed and 24 recommendations made for improvement I

The sleep patterns of ground crew, pilots and tanker crews of ground and in2flight treo•tng, Sentions of the report rovimew

involved In a long range air-to-air refuelling mission have bean ground based training techniques, thi us. of familiarization
related to their duty hours. During such complex operations devices, more complex tesiner. and aspects of in-flight tralning.
workload may vary considerably and the demands placed on Descriptions of the conduct of ground arid in-flight demonstrations.
some alrarew may be very high. It Is suggested that 1he duty a specimen lecture syllabus, and a specification for a familiarization
hours demanded of Individual aircrow should be related to their device. are given. Topics requiring further research or developmentoverall worklootd, In this way it may be possible to maintain an are identified. Author
a¢ceptable slaop pattern in all alircrew and ensure that no individual
pilot or crew member Is subjected to excessive duty hours

Author

N76-25B72# Advisory Group for Aerospace Research and
N75-12. 01 Supreme Headquarters Allied Powers Europe Devalopment. Paris (France).
(Shape), Cestaau (Belgium), HIGHER MENTAL FUNCTIONING IN OPERATIONAL
HIGH WORKLOAD TASK@ OF AIRCREW IN THE TACTICAL ENVIRONMENTS
STRIKE, ATTACK AND RECONNAISSANCI ROLES Bryce 0. Hartman. ad. (School of Aerospace Med.. Brooks AFB.
F. TorBrook In AGARD Simulation and Study of High Workload Tax.) Apt. 1976 82 p refs Presented at Aerospace Med.
Operations Oct. 1974 3 p (For availability see N75-12587 Penel Specialists Meeting, Ankara, 21 Oct. 1975
03-631 (AGARD-CP-181; ISBN-92-835-t216-2i Copyright. Avsl' I

High worldoed tasks are outlined for airtraw performing three NTIS HC $5.00
distinct tactical roles, namely the strike, the attack and the Psyuhophysiology of flight stress arid human factors enginasr-
reconnaissance volee. The total mission is covered, which is from Ing for military aviation systems is elaboratad. For individual
the time the pilot receives his oroers until the debriefing following title, sea N75-25783 through N76-26793.
the flight has been completed At the same differences between
each role, as related to workload, are printed oaut so that a NS.-25783 Federal Aviation Administralion, Washington, D.C
fairly realistic comparison can be made as to the workload of Office of Aviation Medicine.
each category. Author DEFINITION AND MEASUREMZNT Of PERCEPTUAL AND

MENTAL WORKLOAD IN AIRCREWS AND OPERATORS
OF AIR FORCE WEAPON SYSTEMS, A STATUS REPORT
Siegfried J. Gerathewohl In AGARD Higher Mantel Functioning

N75-12602 Royal Air Force, Binbrook (England). in Opeiational Environments Apr. 1976 7 p refs (For availability
THU AIR DEFINCE ROLE see N76-25782 18-531
J, Hutchinson In AGARD Simulation and Study of High Workload The determination of pilot and alrcrew workload using
Operatinne Oct. 1974 5 p (For availability see N7B-12587 psychological, physiologcal, eand operational criteria has yisldsd
03-53) valuable results. Methods used ill civil aviation can be applied

In considering the workload Involved in the air defense role, with appropriate modifications to military problems. However,
it is important to be clear as to the dimensions of the subject, wo•rkload messurerments associated with highly complee and
On the one hand, any air defense situation will poas a problem demanding conditions are still difficult. Data are not available
which aun be defined in absolute ma1thematical terms, and whose from actual combat missions. The results obtained by simulation
solut~on Implies a certain degree of effort. The essence of air are promising and may be improved by the standardization of
defer•,i, ob that the Intruder will set about making the defender's methods and the application of statistical approaches and
task c-3 difficult as possible; the tactics he adopts. in addition mathematical models. Author
to making the problem leos treatable, may also reduce, through
stress, fatigue, fear or saevral more factors the ability of the air N76-25764 School of Aerospace Medicine, Brooks APB, Tax.
defense crew to solve the problem. The perceived workload facing THE CORRELATIONAL STRUCTURE OF IRADITIONAL
the crews whose ability is thus Impaired may prove to be beyond TASK MEASURES AND ENGINEERING ANALOGUES OF
their capability. Pilots need training against all possible threats PERFORMANCE IN THE COGNITIVE DOMAIN
fiom cupersonic air launched mirsille at high level, through high Richard C. MaNse, Richard A. Albaness, Will Am G. Jackson,.
subsonic bomber penetrations at low level, to air combat William F. Storm. and Bryce 0. Hartmsn In AGARD Higher
monoeuyring against fighter-typv alroreft. This range of possibilities Mantal Functioning in Operstiolial Environments Apr. 1976
includes heod-on, beam and rear attacks with missiles, guns or 6 p refs IFor availability sea N70-25782 16-53)
both, proeied home either soami-Automatlcally using electronically Standard performance measures from a Irmrditional battery
computed altering information, or visual information. Author of tanks the Neptune bsttery) were compared with simulated
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antiaircraft gunnery activities under reveral configurations. TheseSifrdJ.GahwhiFA. asngo,0C W en
measures were found to correlate only to a moderate degree. Ciegsrand J i.ar I Tarayhwh FA Wsintn , AA D High. Meanta
with ilia highest canoinical correlation between the two sets Functioning In Operational Envliorrmunts Apr. 1976 4 1) rofe

0being 72 Preliminrary modeling of the subject reactions on the iFor availability see N76-26782 1uGa
simulation, a compensatory tracking task, has been accomplished A series of exepriments ware conducted in order to study
using control theory merhods A tuntative conclusion from this functions of relevance to ajicrew, pilot, and AnC perfoimance
work isthatbthe transfer functions associated with random inputs They concerned the assassme nt of metntal functions and
are reasonable to use for this compensatory tracking tusk, which complex performance on single operators and five man crews
involves both deterministic aiid raiidoim rnipts Author while monitoring static and dynamic piocessits. of perceptual

motor tracking ability, as watt as group problem solving. Operator
N7S.2b785 Milanr Univ iltalyl. proficiency was measured at various levels of demand Induced
A STUDY OF BEHAVIOUR DURING A TRIAL OF VIGILANCE by tire simuttarra11CUS pstitormairce of different combinations Of
IN NON-PILOTING PERSONNEL tasks. requirirngthe exerciss OfPSycfrologicall and meantal processes
Foirrfiraido Mirri4iarnird Ficrincrivir Itavuicciti hi AG A 10 Higher It was fournt thiat multiple teisk performance variled signrificarntly
Menrtal F'unct~ioniing iii tOprruftriirna Envitrunirrrsrt Apr t97 itj s ii fuicirtont of infonrrration lIrput and gioup interaction.
6 pi rets (For availabiiity see N76-215782 16-53) Substantial correlations Wars obtained between perceptual motnr

Subjects highly espaileirced yr air traffic asesasmrnnt arid type problem solving and mental ability tests. Moreover, the
decision making tasks underwent a perfurninuice trial Involving results obtained from Iwo tracking tasks suggesit that a central
visual vigilance lit a simulated operative envirornmetit. Oats Wets process exerts a regulatory Influence on a variety of physiological
collected by admrinistering self rating scoscne anid recordling both variablsa during Increased attention demand arid, furthermore. a
reaction times and bralin potentials Statitlical analyuis of date correlation exists between the ability to sustain attention and
was performed with parstmetric and iron parametric testy Ati personality characteristics of the operator. Author
types of approach proved to be of value in this assessmentrt
perforrmance. althroughi the greater utility of cumliutaritirl
nourophysiologucal ervaluation miust bno snrrpfaiirert loi an tidvance N76-26790 Surrey UrrIv., Guildford lEngiturdi
In methodology. Author EMOTIONAL STRESS AN LIGtFCEC

Operational Ernvironmenrts Apr 1976 5 p cets (For aalblt
N70-25780 Pacific Missile Test Center. Poiint Mtugu, Calif seat N70-25782 16-53)
SOME PRACTICAL CONSIDERATIONS FOR PERIFORIM. A comparative study of the effects of ernotlorral and
ANCE TESTING IN EXOTIC ENVIRONMENTS intelleoctal stress, upon flying perfornmance is deiscribed. Ten pilots
Robert S Krrnnerly arid Ronald A. Briuns Ir AGARO Higher with self confessed emotional proabients. but certified medically
Mental Furrctioninrg in Operatiornait Envirornimentrs Apr 1976 fit to fly ware matched approxinrately for age and flying experience
6 p algh (For availability see N76 25782 16-53) with ton pilots confessing to no emotional problems. Enmotiorral

Correlations arid norimative data for via ditifemuir versions of stress was Induced by a clinical abreective technique end measured
errn auditory vigilaicm tasak are presented for appioxlimately 100 in termns of psychoplrysiologicel concomitants. Intellectuls stress
irrales. In addition. otfier flirdinigs about offacts on ireutornirrnces was induced by thea PAGAT techriqiue which is an automated
of. practice, distractioins, threat stress. arid iiircraft t UrifUti -r niu merncal task designedl to produce mrental overloaid. Flying skill

aediscuanisni liretructiunra Ior apparatut, iciistriicour ll. hororinii. was intoasured iii the presence sorti asence of both types of
and adirnklnstrutionr are raeiorted. Authori stress separately by mreans of a crossover design. The results

strow signrificanrt differences in flying performanrce between the
NIS-578 Digisce Fosuhngs-kin Wriuchanstlt uortwo groups and between the two types of stress ItIs denmonstrated

Loft- 5undPamfld Beusch Fora urug. (Wesd VGirmuiranyt). u that intellectual stress produces Impaired flying skill Which is
Luft iiPdRATmIONt.Sd ANDelir CI WestA PERFOR MAiNy E predictable troth iii degree and dlurationi. whetreas emnotional stress
AHYIR PRTOSANMICDA PRFR AC produces substairtially more severe but fluctuating dlegreesi of

K. E Klein. H M Wegnianno, Q. Attrnsiasuirsa, H tHolitwack. impairment of unpredictable diurationr. The usa of at psyclromeat
and Kukrmiai InAGAR Higer Mirta FriictirrirgHe techrnique using pelrisoitel keywords antI physiological nmonitor

peantiona Kklirkirrnret Apr 17 Hihe peta ruts tior in viaiity Inrg clearly dirfferentlates the two groups of pilots and lirdicatesOperationa EniomnsAr17 2prf Fraalblt the origins; of enmotional stress, Its possible use for screerningyea 6-68 1-3 aircraft caprtains tnnfora Inipoitarit nirsirons it; examined Author
Corntract F396 1 6-70-C. 15898)

Exprerrimenital results end prertirneints (lte romi literature ott N76-25791 Defence arid Civil tinat. of Enivironirrerntal Medicine.
o iread is buliaviorat rhythlime uarid then miiodificationis thtroughiOwrsiwIOnarl
various factors arc rerviewed. Consuiderecd are operrationsy oh srrcrews onyo (Otr)
rounrd thu clock and cii trananirreuridan routes. sonis possibilities A CONCEPTUAL MODEL FOR OPERATIONAL STRESS
of arrPropriittu sciheduling urtdis tncussert Author Williamr A. LePago. Robert F. Thurcihrer, and Peter J Deair tnt

Ar3AII Higher Merntal Furrcticrrnini iii Operational Envirunrmertits
Apr 1976 6 p refs (For availability see N76-25782 16-53)

Ir thre Canaiaimn For ces. as iniia t 1e A TO Air Forcesv. tIres
are a variety of stressftil operations. tin d181cu11111rr1 tirese comnples

N76-25788 Schrool of Aerospace Modticuim. Brcoois AFB. Tax stress situmatiorns with optreatmoriel corrmaniiders. it was foundri
THE HUMAN AS AN ADAPTIVE CONTROLLER benreficial to utilize a conceptual inocel to describe, tire circiriistair.
Richard A. Albaneisre. Richard C. MuNee. Ediward J Errilulkari. cica Thisi noirihl is dtescribesd arid distcussed Auithor
Perte H. Henry. arid Bryce 0. Huirtiana/it AGARO H-igfiur
Marital l'urctiorning in Opeautionual Etrvironiiiieits Apr 1976
8 p ruts (For availability sea N70-25782 16-13)

During flight. aircrew ianreiribit oftei fnctirrrton as auibityetarii N76-25792 Aerospace Medical Reseiarch Laibs. Wright-FPsttersori
iii feedblack controi loops Ii prarticular, visual haecking tasks m~vi APB. Ohio.
bean studied for mnaty years. For threse tusks, it lints bein olseiveil SECONDARY TASK ASSESSMENT OF COGNITIVE
thit titer humuan altars Iris conrtrol actions miruiriiliai rdevicei to ha0 WORKLOAD IN ALTERNATIVE COCKPIT CONFIGURA.
cootroillnit, or when tine [aidwiwdlir ofl tint signal to bie ii ackai. TI ON S
is; changed Tihus. the linnirir operrator aurtpears to liii on irapriv Robert D. O0orrieli lit AGARtO Higher Meitali FUrrctloniiig iii
controller. This article reviews; tire adapiueuv muratu of nan s r;otit rot Operationali Environmrenrts Apr 1 976 4 p3 refs ( For availability
furICtinrr Usinrg prauIOnily p)uluirslrun mista. attd iiitrciuLIuus Infornini san N76-25782 t16-63)
nion tfheory matin cs whichr strow a reguliarity ri thouse daeti Also. (AMRL-TR-75491
new data obutainied fromr twelver subjects flyinrg simulautor whilie Now developmrents irn cockpit design introduce ergorficently
unrder tei ain flUeDG iniOf orally adirinistarud 190 tiroof utfryl greaster cognitive rherriend omr the crew mremiber In a surites ot
alcohrol (0.0. 07 06B. anti 0 9 ginrr/kg tiniy wirigliti are privrtsntil pilot studies. trarititorral secondary task treserve capacity conicepts
1liass resuits inst related to rmivious Studlior; .Linigi bioth control were mnodified to be uMaid at aub-niarriral levels of workload. A
anrliti irrrrimation iriory IrimtrIGS. Author primninry fIipit simu1111laton was performned sinmultaneouisly with the

I tern recognition task. This task was chosen because the rIntercept
N76-25789 Civil Aecromedical rinst.. Oklatiomrai City. 0km, arid siope functions of tilia irumury load/reaction turne function
Aeronautical Ceurter appear to indepenrdentily assesmas cognitive and sensory motor
ASSESSMENT OF PERCEPTUAL AND MENTAL PERFORM.1 workload. Thre secondary task shows retiabnle and consistetnt
ANCE IN CIVIL AVIATION PERSONNEL. changeis with varimtionr% in workload. arird auprisin prtomiising as
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an objective measure of higher mental functions. Auditory and
visual versions have been constructed, and further validation

Istudies are being carried out. 
Author

N76-25793 School of Aerospace Medicine. Brooks AFS. Tex.
THE EFFECTS OF TWO NYMEISORS ON TRADITIONAL
AND ENGINEERING ANALOGUES OP COG3NITIVE
FUNCTIONING
William F Storm. Richard C. McNes. Richard A. Albanese, and
Bryce 0 Hartman Ir AGARO) Higher Mental Functioning In
Operational Environments Apr 1916 12 p refs IFor availobility
see N76-26782 16-53)

rhe sensitivities to stress of traditional psychometric mesasures
and human operator techrnology engineering parameters were
compared In two experiments. In %he first study. the effects of
mild (8.000 fti drnd moderate (15.000 It) hypoxia were assessed.
in the secornd study, standby alert duty was simulated. SVstemnatic
comparison was mode between performance following sudden
awakening and performance following enforced wakefuiness. A
battery of leeks emphasizing cognitive processes generated
traditional performance measures. Psychomotor functions Invoiving
vigitarcee, problem solving, short term memory, and compensatory
tracking ware exercised. In addition, a two dimensional tracking
task provided traditional task moasuras end human operator
engineering parameters. The properties of the task were
systeniaticoily varied and models deveiopedf for each condition.
Both the traditionai task measures and the HOT model parameters
were analyzed for changes suggestive of alterations In cognitive
functioning. The data suggest significant influences of both
strossors on cognitive functioning. Conventional performance
measures from the HOT task were more sensitive to the stress
effects than the traditional task battery. Author
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Transparent ferroelectrin ceramic material, load lanthanum

54 MAN/SYSTEM TECHNOLOGY zirconate nitanate (PLZT). has enabled the development of large

AND LIFE SUPPORT aperture electrooptic shutters in goggle or window type formatl
which provide sufficiently rapid decrease in transmitted light

Includes human engineering. biotechnology, and space suits intensity to prevent flashblindnese and permanent retinal burn

and protective clothing. from ultraviolet, visible and infrared radiation encountered in
nuclear explosions. Author

N75-231S6# Advisory Group for Aerospace Rueavrch arid N77-12712# Air Force Systems Command. Brooks AFe. Tai.
Development. Paris (France). USAF AVIATOR CLASSES. HGU-4/P: HISTORY AND
STANDARDISATION OF IMPACT TESTING OF PROTEC- PRESENT STATE OF DEVELOPMENT
TIVE HELMETS A Working Group Report Thomas J. Tredici In AGARD Visual Aids arid Eye Protection
D H. Glaislar. ad. Feb. 1974 14 p refs for the Aviator Oct. 1975 p 6 rafs (For prirrary document
(AGARD-R-629) Avail: NTIS HC $3.25 see N77-12708 03-.4)

Standardiration of biodynamic impact tasting on sircrow Avail: NTIS HC A05/MF AO0
helmets Is considered. A classification of currently used test The aviator goggle HGU-4F has the important fundamental
procedures is attempted and a compromise approach is proposed role of enhancing and protecting the vision of U.S. Air Force
which could form the basis for agreement within the NATO aviators. The spectrum of presently available lenses is reviewed.
memberehip. In addition to impact protection, penetration Studies to improve the product are detailed, In particular, the
resistance and helmet retention, it specifies requirement* for blast impact tests, both drop ball and ballistic, of glass (heat treated
protectiont. maximum all-up weight and location of helmet's center and chemical Ion eaxchange) and plastic (CR-39 and polycrbonate).

of gravity. Author The practlcal tests of plastic versus glass lensae used In the
field Is reviewed. The culmination of this research has resulted

in the presently available product, one that Is felt to be the
N7741270•# Advisory Group for Aerospace Reerarch and best that the stale-of-the-art can presently produce Author
Development, Paris (France).
VISUAL AIDS AND EYE PROTECTION FOR THE AVIATOR
Thomas J. 'fredili (School of Aerospace Medicine. Brooks APB. N77.12713# Centre Principal d'Expartlses Medicaies du

Tax.) Oct. 1976 99 p Presented at the Aerospace Mod. Personnel Navlgant, Paris (Francei).

Panel Specialist Mailing. Copenhagen, 5.9 Apr. 1976 CONCERNING FLIGHT AND THE CORRECTION OF

(AGARD-CP-191; ISBN-92-835-0177-2) Avail: NTIS PRIBEYOPIA (A PROPOI DU VOL IT DE LA CORRECTION

HC AOD/MF A01 DiS PRO iYlsI
Information concerning visual aids and eye protective devices J. r. Chevaleraud and Ch. Corbe In AGAHD Visual Aids and

used by the aviator is discussed. Among the topics uonsldared Eye Protection for the Aviator Oct. 1976 p 4 refs In FRENCH

ware: protection from retinal burns and flash blindness due to (For primary document sea N77-12708 03-54)

atomic flash; vision with the AN/PVS.5 night vision goggle; Avail: NTIS HC AOS/MF A01

in-flight evaluation of optically stabilized target acquisition devices; The use of eyeglaslss by civil and military pilots over the

and the cotrection of presbyopla. For Individual titles, see age of 40 Is investigated. The ried for special lenses for flight

N77.12709 through N77-12717 use is discussed. A method is preserited for determining the
corrective measures needed for subjects with diminished power

N77-12109# Royal Aircraft Establishment. Fsrnborough of accommodation for near objects. AM.

(England). Nauroncianoas Div.
EYE PROTECTION, PROTECTIVE DEVICES AND VISUAL

AIDS
D. H. Brennan In AGARO Visual Aids and Eye Protection for N77-12714# Service do Santo pour I'Arme doe lAir. Paris
the Aviator Oct. 1976 p 12 (For primary document see (France).
Avail: NTIS HC AO0/MF A01 FLIGHT FITNESS AND PLIANT CONTACT LENSES CAP.

The malor ocular hazards encountered in military aviation are TITUDE AU VOL ET LENTILL6E DE CONTACT SOUPLES]
discussed and some protective measures which may be adopted J P. Chavaleraud and G. Perirlal In AGARD Visual Aids and
are described, The hazards considered are solar glare, bird strike. Eye Protection for the Aviator Oct. 1976 p 4 refs In FRENCH
wind blast, miniature detonating cord, lasers and nuclear flash. (For primary document see N77-12708 03-54)
The role of image Intensifiers in aviation is also discussed. Avail: NTIS HC A05/MF AOl

Author Four subjleta ware tasted in a pressurized %ank to determine

the physiological effecto, of flexible contact lenses having 40%

N77-12710# Naval Air Development Center, Warminster, Pa, absorbency. Corneal sensitivity, ocular tone ard the permeability

Crew Systems Dept, nf iachrymal ducts were observud. Lachrymal ,aeratirn and

INTEGRATION OF AVIATORS EYE PROTECTION AND binocular vision were measurad. The advantages of soft contact

VISUAL AIDS lenses over hard lenses is discussed. A.H.

Gloria T. Chisum and Phyllis E. Morway In AGARD Visual
Aids and Eye Protection for the Aviator Oct 1976 p 7 IFor N77,12715# Army Aeromedical Resriiarch Lab. Fort Rucker.

primary document see N77-12708 03.54) Ala.
Avail: NTIS HC A05/MF AOl VISION WITH THE AN/PV8-E NIGHT VISION GOGGLE

Recent technological developments have resulted in additional Roger W. Wiley end Frank F. Holly In AGARO Visual Aids
functions being assigned to the helmet and visor. The additional and Eya Protection for the Aviator Oct. 1978 p 12 rafe (For
functions range from static aids for distant vision to dynamic primary document sea N77-12708 03-54)
displays of information for use in weapon oontrol and guidance, Avoill NTIS HC AO6/MF A01
and aircraft management and situational Information. Basic Results are presented from a series of experiments In "hich
requirements for the protective equipment were established. The visual performance using the AN/PVS-S night vision goggle was
expanded functions for the protective equipment require that measured. Visual modulation transfer functions of the man-goggle
modifications be made In the equipment configuration. The system were determined and compared to results obtained with
mnodifications must be accomplished without sacrificing the basic unaided viewing. The man-goggle system performance weo
functions of protection. Accomplishment of these two goals superior to unaided visual performance at average target
requires cooperation between the display designers and crew luminances equivalent to 5% and 25% moon Illuminances. A i.

equipment specialists. Author a target luminance equilvalent to a full moon Illuminance. unaided
visual performance was superior at higher spatial frequencies.
wihile remaining poorer at the lower spatial frequencies. Using a

N77-12711# Sand;a Labs., Kirtland AFg N. Max. modified Howard-Dolman apparatus, It was determined that the

PROTECTION FROM RETINAL SURNS AND PLASHILIND- stereoscopic threshold was degraded with the man-goggle

NESS DUE TO ATOMIC FLASH system, Field measurements of relative depth discrimination using
Billy J. Pfofp IASD/SMLS Ufe Support SPO, Wright-Patterson, all available visuial cues showed that performance of the

AFP, Ohio), J, Thomas Cutchen. and J. 0. Harris In AGARD msar toggie system was statistically equivalent to unaided

Visual Aids and Eye Protection for the Aviator Oct. 1976 p 6 phototoilc visual performance at intermediate viewing distances.

raes (For primary document sea N77-12708 03-54) but was inferior to unaided viewing at distanoes nf 500 feet or

AvelH: NTIS HC AOB/MF A01 grester. Author
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N77-12716i# Contra do Rochorches du Service do Santa dos
Armflnes, Clamnart (France).
IdXPIRIMENTAL STUDY OF VISION DIMMING IN AN
ANIMAL (STUD. EXPENIMENTALEI DR LUSBLOUIISSMENT
CHEZ L'ANIMALI
L. Court, J. P. Choevleraud, 0. Perdrlel, and W. Basim In AGARD
Visual Aids and Eye Protection for the Aviator Oct. 11976 p 11
refs In FRENCH Wor primary document see N77-12.708 03-54)
Avail, NTIS HC A05/MF A01

Vision dimming is a temporary deficit In visual perception
Ini a subject submitted to intense luminous energy. at a level
higher than that of his lvvrt tit tidep~tion. Electrodes were
implanted ins aMonkey and 'allir ý'. ttwdy the alsctrophytiloiogl-
cal rectification and behavi .ý n i:-by glare. The time of
recuperation Is measured. Troenl. by All,

N~7712717# Army Aeromadicrig A~tneirch Lab., Fort Rucker,
Ala.
IN-FLIGHT EVALUATION OF HAND-HEWO OPTICALLY
STABILIZED TARGET ACQUISITION DEVIOUS
David 0. Glick In AGARD Vistial Aids and Eye Protection for
the Aviator Oct. 1076 p 13 (For primary document see
N77- 12708 03-54)
Avail: NTIS NC A0I/MFf A01

Several target acquisition devices are compared in-flight.
Considering site. weight, complexity, and performance In en
In-flight visual acuity tosk, one of the devices looked promisin.
A group of twenty-nine subjects used a single device In a scout
hellcopter flight scenario. The device produced motion slickess
end the experimental plan woo designed to asises this as well
as visual acuity In fliglit. The subjects flew the scentario first
with the unaided eye and then with lhe device in both a stabilized
and unstabilized (caged) mode, The latter two flights ware
counterbalanced scrona subjects. Following the flight phase. the
subjects wars given a searies of tests to evaluate individlual
susceptibility to motion sickness. Performance In the visual acuity
task was significantly correlated with the sinsicknoes rsting of
an on-board experimenter: however, there was no significant
differience between the megnitude of the symptoms observed
when the device was stabilized and the magnitude whun caged.

Authov
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69 MATHEMATICAL AND COMPUTER SCIENCES(GENERAL)

59 MATHEMATICAL AND programming complexity eor briefly described. Some Important
tradeoffs which are usoful to know when seoking a way out of

COMPUTER SCIENCES the multitude of possible configurations which a comptter based
(GENERAL) system may be given ere also identified. A.L

N7E.11210 Royal Radar Establishment, Malvern (inglind).
SYSTEMS AND SYSTEM DE N01Si SOFTWARE DESIGN

N76-t0713# Advisory Group for Aerospace Research and IN COMPUTER lASED SYSTEM$
Development. Paris (France) C. S. E. Phillipe In AGARD Principles of Avionics Computer
GLOgSARY OF DOCUMENTATION TERMS. PART 2: Systems Doc. 1974 p47.-3 refslForavellebliltyseeN75.18236
COMPUTER-USER TERMS 07-59)
D C C Gibbs (Royal Naval Coll.) Sup 1974 41 p refs This discusalon Is concerned with the production of soft.
(AGARD.AS.182.Pt.2. AGARDogrsph.182.Pt-2) Avail NTIS were by profoesional teams for ocomputer controlled systemsHC $3 75 dedicated to some speial purpoe, Such systems wre essentilly

A compenldium of definitions and. where appropriate. software based, usually real time, and much more complex than
descriptions wre provided which will assist the computer usa,:, they apea~lr to) the outsilder, Discussed are: (III system desilgn

desciptonsareproide whch wll ssit te cmpuer armethodology: (2) programs as systems; J3) functional systemparticularly in the field of information science and documentatlion. aroh: 4 u e programmin network syste
to understand the terminology which proliferates in the field ot approech; (4)pos f roe ciprcgremming network disgremp' (r•g
computing Although designed primarily for the user, It Is hoped dnta rectwngles; (6) proesh s crcles; (7) simple hariti prodterinmthat computer personnel also will find the entries of soem value network: (g) hierarchy of diaglrams; (101 4miulaieon and tooling; "
when. for example, d aelino with aspects of computing outsvde end (101 real time computer aysiema, As computer systems
thei own speaplizatlion. Author become less of a novelty, standardiztlrn at lower levels,

though restricting possibilities, offers the avionics system engineer
fewer problems If use ii made of existing technologies. A.L-

N795.12991341 Advisory Group for Aerospace Research and
Development, Pods (France). N11711241 Ferranti, Ltd., Uracknell (England).
PRINCIPLIS OF AVIONICS COMPUTER SYSTEMS AVIONICS SYSTEM ARCHITECTURE
J, N, Bloom, ad. (Common, Res, Centre) Dec. 1974 187 p A. E. Wright In AGARD Principles of Avionics Computer Systeme
roef Doc. 1974 p 64-87 refs (For ivellebillityi us N75-`16236
IAOARODGA.183; AGARDogreph.1993) Avail: NTIS HC 5700 07-ee9)

An introduction to fundamentals of digital computers, dota The system architect's taok is to define and combine a set
acquisition end communication, logical partitioning and optimize- of hardware components to form a system whose aggregate
tios of subsystems is given. A methodology of design is devesa•id behavior will meet the operational requirement lor the system.
by philosophical discussion, detailed desctiption of prooesees, Moet avionic systems start with an operetional requirement
and by prectical examplee of the application of besic principles specified by a user o• irframe menufaoturer, During the shot
to the problems of system end complment design. The technique history of aviation there has been a growth of such operational
of specifying a requirement Is discussed In detsil as are the needs which have presented problems requiring technical
various stepe required to satisfy It. For Individual titles, see solutions. The evionic system derives much hfon the geeal
N711.16237 through N75.16240. development in system engineering, but ia subjclm to particular

operational requirements, physical environmrenta, and physical

N7-199287 Flitecnkico di Torino (Italy). Inst. di Elletrotecnics constreints which together justify a somewhat epeclallsed
Gnerel. :approach, lome of the probleme end techniques Involved are
BASO DIGITAL COMPUTER CONCEPTS briefly described and discussed. A.L.
A. R. Moo In AGARD Principles of Avionics Computer Systems
Deoc 1974 p 3.22 refas Ior availability se N71-11623 07-59) N71.-1242 Seloenle S.p.A., Rome Iltely).

Oiscuesed ere the five functional units of a digital comput. DEIINING YTH PROBLEM AND SPECIPYING T1I R11.
er: (1) arithmetic unit; 12) memory; 13) input devices: (4) output QUiREMINT
devices: and (5) control unit. In addition to these basic units Silvio Beem and Rodoifo Gemberlde In AGARD Principles of
and their construction end operation, Information Is given on Avionics Computer Systems Dec. 1974 p 99811 (For availabillty
flip-flope end registers, numeric Information coding In a computer, see N7111-1623 07-59)
boolen algebre, building blocks, and computer software. A. L. This discussion deals with the functional requirement& of

computer system and alms at the definition of a methodologyfor deriving them from the knowledge of the tasks to be performed.
NT75.182i Norwegian Defence Resiearh Estblishment, Kieller. The nonsideretions preeniled may be applied both to determine
DATA ACQUISITION AND COMMUNICATION FUNCTION the suitability of a certain computer arhiltecture end to compete

different computers against a given application, The treatment
Yngver Lundh In AGARD Principles of Avionics Computer starts with a brief survey of typical soka of an avionli system,
Systems Dec. 1374 p 30-41 refs (For lriellhbllty see N75-16230 from which a sample Is taken to be further analysad as an
07-.8) example. Computer tasks are analysed, also with the aid of

An avionics computer, as pert of a real time system either examples, in order to show how the computer requirements eon
in the air or on the ground, has to communicate with the rest be arrived at. Author
of the eystem. To communicate requires the exchange of date
in one form or another. Various aspects of such data exchange
are disoussed along with a brief review of some typical devices
which may be prtn of en avionics system. Some eatmple cases N79-19243 Smiths Industries Ltd.. London (England). Aviation
are given to show how these would communicate with the Div.
computer. A.L MONITORING AND CONTROL OF AIROS•ACE VEHICLE

PROPULSION
NTwi1G2IS Norwegian Defence Research Establishment, Kjeller. E. S. Eccles InAGARD Principles of Avionics Computer Systems
OPITIMIZATION Dec. 1974 p 119-142 refe (For availability es N75-16236
Yngvor Lundh Ins AGARO Principles of Avionics Computer 07Ai9NAvail: NTIS
Systems Doc. 1974 p 42.40 (For availability see N75-16238 The application of digital computer systems to the design
07-691 of systems for monitoring and control of the propulsion of

An avionics computer system, ea well as all other ongineer- aerospace vehicles is discussed. The general context Is related
Ing Job, requires optimization. This optimization process may to commercial operation of vehicles using alrbreathing engines.
be different depending on whether the systems designer or the This limitation permits concentration of attention on the systems
computer designer does the job. For this discusaion ,t was aseumed problem and removes the need for any extensive discussion of
that the solution was not constrained by limited choices of standard powerphint characteristics. The restriction is not serious in terms
sizes shapes and forms, or by choices made by sonmeone else, of broad pWorplant hltracterltlcs. The basic fuatures of control
past history or ,bad fortune. Some management considerations requirements are common to all plants using chemical energy
are briefly discussed. Important technical parameters such me: sources and combustion for energy conversion. There are strong
logic speed, computing speed, memory opecity, communication conceptual similarities, for instance, between throttleable rocket
capacity, survivability, modularity, physical parameters, and motors and augmented (reheated) gas tuhisne powerplants. Time
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- -n-tants and thrust alsvl ditfr but the basic problems of Mixture
control via Indspeadndit #We anid oxildant Rlow control end their
pumping lin the genurdrl sae)ee remain the same. The plant control
details will be leee relevant to systems using hypargallo Nues
and nuclear or electric propulsion. In the some way, the
operational criteria will be similar for vehicles which, in themselves, I-

are as difisrent as the space shuttle and 8101 leader liner
systems. Commercial and military operational criteria also have
many analogous, IN not entirely homologous, features. Similar
design trade-offs are Involved for both tye of organizational
structure and mission obiecives. The discussion Identifiest the
basic principles involved and enables readsaoross, to other types
of operation and to other avionics systesn disciplines. Author

N78-16244 Advisory Group for Aerospace Research and
Developiment Paris (France),
MAN-MACWINE1 INTIUPACE
1. Keola In ft Principle of Avionics Computer Systems
Dec. 1574 p 143-146 (For availabillity se N76-10230 07-5S)

As the copiplelty of earopcepesy~stems grows, the require-
went for augmentting, expending alndimpifying crew control

capabiltes becomes more demanding. The men-machine -

Interlace, which oesentilly Is a problsm of excohanging -data
baWean the system and the human hee become more crucial
for the cperationt of modemn aercspace systms. To cope with
this Problem a new class of Inflormation processing systems
aserospace computers, multlprooseson. multlplexeral. control
system and displays have bean developed, end the trend

toward graster Integration is realsed, As a conseý &quence, the
degree of pilot /operstor Involveen with the machine has
Increased In scepe end cempolerity. Some bsale elements of the
mani-meahine Intrfaceil optilmitatlon process end Its relations to
the weWal vionics system deseg are briefly reviewed. Author

N1S.1514 Advisory Group for Aerospace Research and
Development Paris 111rancel.
NOVUL OBVIONG AND TUOMNICAUES
1, KeenjianhtnIts Principles of Avionic Computer Systems
Dee. ¶374 p 160-183 reft (For availability sw N7S11123111
07-511

Considerablel advances have bean made over the whole range
of avionic devioes and tachniquset which have been finding their
wsy Into avionics systems. malting them mnore afecie In terms
of relesialit and operstional capablit. These are coupled with
simplicity and lower east for maintenance and ownership. This
proces has besn secelerated porticularly by the rapid progress
In MWcross'trnlca*, with bt far reaching consequences especially
for future avionic computer systaem. Some advanced devices
and technologies still In develoipment are reviewed, which, when
matured, could further improve the effecthens of avionic
computer systems. Author

N751511111 Massesy Co. Ltd., Ilford (England).
SPUOIFVINS THUI KUGUIRIMINTS
A. L Freedman In AGARO Principles of Avionics Computer
Slystems Dec. 1374 p ¶83-178 (For availability se N7S* 18236
07-53)

A four atop procedure Is described for deriving the specifics.
tion of an avionics computer system @a a whole. Sluch a
specification makes It possible to decide first of all whether to
6o ahead with the system, and secondly if the decision is takean
to go ahead, to eliminste the main sources of the troubles which
have plagued these project In the peat. TMe procedure sterms
directly from the definition of a realtime system in a tool to
sassist in performing a given activity. The activity may be the
control of Ineteceptor aircraft or thre control of the sysitems on
board an aircraft. Techniques used to design an optimum syste
to meet fth speitification are briefl covered. A.L
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N5In"S Royal Military Coil, of Science. Shrispenhem llnglandl,62 COMPUTER SYSTEMSRELTMOPRiGSSTS
Includes Gorrpripipti networks. K. L, Hunt In AGAND Real Times Computer Eased Systemas.

Dec. 113174 11 p rob (For availability "ae N75-1S267 01-62)
The development of standard approaches to the desig of

operating systems Is explored. Two sysitems currently under
dsvlovpcpmerrt or In use illustrate at least a trend to a standard
approach. The relevance of work of a more formal nature to the

111176-162571 Advisory Group for Aerospace Research and desin of operating systems Is discussed In the light of recant
Deveolaropaent, Perie (Francs). work an synchronizing sequarncee. Author
REAL TIME COMPUTER BAND SYSTEMS
Dec. 1074 410 p refs In ENGLISH portly In FRENCH Presented N76S. 16253 Marconi-Eill~ott Avionic Systems Ltd. Soralisnmwood
at Avionics Panel Symp., Athena, 27.31 May 1974 (England).

'I AOARO-CP-1401 Availl NTIS HC $40.50 THE CYCULC TIME SLOT INTERFACE AND ITS INFLUENCE
Computer design and software generation for real time ON THE SOFTWARE EXECIJTIVE

avionics systems are considered. For Indivdual titles, Ie A. Tonkin and N. Malicolm In ACIARD Neal Times Computer
17-614through N476-16294. Based Systems Dec. 1074 1 k p For avollobllfty see N75-16267

617-0111@ eand Missile Systems Organisation, Los The cyclic time slot Iinerface is described which has
Antgeles ArFrsSainClf.advantages when peripherals exhibit peasky dasta rates. Softwaipre
COMPUTER SOFTWARE TESTING AND CERTIFICATION executives ore clasaified and ita isMown that undert certain well

defined condtionfihs a scanning executive, with a Cyclic timesidotl
Kennetpoh S. Willfer In AGARD Real Time Computer Based Interface, is the opitimum, A surveillance radar sysitem Is deecribed
Sysmms Dec. 1674 1 p tofs (For availability ame N1171-16267 and this is used as an Illustration of an applicaition of tha
07162) Interface. Author

The major problems yet to be solved in the test and
poe"tiloatin of computer software are to insure in a cost effeactiveNhlR RoaNdeEsbihmnMvrn(gad.
manner tha: (ll the software has no bugs which could cause AN5166 E oyaE R aISE IN alshet MalveRO S rn OPE lRATING.
the overall system to malfunction at critical times: And 1211 the SSIM061411
software ripeetei the functional requirements of the user. Fertile SY1.STENMoni DES GNelTm opue ae ytm
eso" of further Investigationi Include; (1) guidance on how to Dec. 1974 9 p refs (For availability wee N75-16257 07-52)
test end certif software for large computer systems: 12) a Design concepts and structuring of a tnultiproceelaor general

revlainof the cost and performance trade-oft s~cle~d purpose operatng system are discussed, and thoe" featured of
with third party software deveoperts. Integrators and mainitainers, the operating system peculiar to mulitl~oceessing are Identified,
and 131 a realignment of the A and 0 support to meet current Atithor
tea t ar nd mertificatio n ne d .A u tho r M A]~ O U A P R A H T
OW NS " IIlca salsmnt avr Egad.N6116 Royal Radar Establishment, Malvern (England),

RadarT1 MODHOAR APPOAC TO SYSTEMTIO CON
PROM OB TRUCIONOPERATION AND TNST

J,1. . Webb /it AGARD Real Time Computer Based Systems 9 akne ndH11. Simpson (Royal Air Force, Looming, Engi.)

IIsproposed that an extended version of Foeter's syntax 18 p refes (For availability sea N75-16257 07-62)
Imi~ildevice be used to genraoitote ntmuterconnl T eMACTapchio hand omlzd mto o eln
frofaprocdess. The reasons for the extensions end theirrcoupledhprogramsoinectprogramsIwhihointeractiin a manne lotsery

onthe resulting syntax anaiplAors are discussed and thupln byroiramtsl 1.8 thiras en icsome rbaticntapesnoermodules
cnusoisdrawn as to the flexibility and uou of the techniquethnbdiet*l.Ttisn."m bactys foues

Author have been defined which are independent even after compilation.
thoes modules may be connected together to construct

M79143620 Advisory Group for Aeroepace Research and subsystems which Interface with each other by user deafineod
Oevslopmentt, Pars Fentil channels. This construction facility is oupported by some basic
REDUCED 0IZE OPTIMAL CONTROL LAWS software which allows software synchronization both within
P. Serriherd (INIA. N veequecouriti In its Neal Time Computer subsystems and between subsystems to ensure an orderly and
Sused Syaern Dec. 4974 5 p rafts (For availability sae sustained flow of data thnough the system. To back up the
111111-141267 07.62) paper study, the majority of the key seatuisas have been

The proieremcorrxidsreid Is that of reducingl the nunmber of state implemented usingl Corell 06 on a Marcoipa Myriad computer
variables fed backr in the optimal control of a linear plant with Author
quadratic performance Index. A classicai approach Is discussed,
where the state variables, or their combinations, to be fed beck IllS-lUR Siemens A.G.. Munich (West Germany).
are chosen a priori. A new approach in proposed where we A REAL-TIME PROGRAM SYSTEM FOR CONTROLLING A
look for those stats variables (or combinations of)I that can he PAE RA AA
Ignored. The two are compared and turn out to have very different PAE RA AA
properties. It Is argived that the new method is more signifies. Heins Knetainch In AGARO Real Time Computer Based Systems

live los hzarousandforsimlerto crryauk AuhorDec. 1974 10 p (For availability sae N76-16257 01-82)
tive les h~raroue an ta simlerto arryout AuhorThe software of an agperimarrtoi radar system Is described

that Is equipped with 5 planar phased array antenna and two
Nl76-142611 Toliae Instruments, Inc.. Huntsville, Ala. linear phased array anternnxj, The planar antenna Is used as a
A PROCKSS DESIGN SYSTEM FOR LARGE REAL. TIME primary radar antenna while the two orthogonally arranged linear
SYSTMS arrays serves as secondary radar antennas. To operaote the
Roger N. Date lip A3ARID Real Time Computer Eased Systems experimentai radar system it Is necessary to have a isoftware
Dec. 1974 8 es(o viaiiya 7-65 78)system for radar process control and evaluation of the air situation.

(Cnrc p rats (For availablit c N5l6570-2 This software system consists of a series of relatively Independent
A process Is designed from the top down In a structured process controll programs whose etecution Is initiateod by a

programming known as the Process Design Language IPDL) superordinats control program under real time conditions. A priority
lech level of d"sin consists of references to modules which and time slicie control In the executive protgram ensures reel

are defined later at the next lower level of design. Undefined time operation. The user programs sare complementad by
modules at any stage are simulated by simple miodelis to permit input/output programs each of which controls and supervises
execution of the system on a computer. In this way the high an individlual device connected to the system. The executive
leve logical structure Is verified before expensive detailed coding program supervises all events occurring duting the process and
at lower levels Is accomplished, and modules can be tested Initiates the required activities. Author
within a realistic environment. The Process Design System (P051

Vprovidles translator, library management. and simulator construc. 1476-16267 Naval Electrornics Lab. Center. San Diego, Calif.
ticri facilities which reileve the process designer of most of the THE 08-4 HI1GH LEVEL LANGUAGE AMD ITS USE IN REAL
housekeeping chores associated with configuretion control of a TIME SYSTEMS

large system under evoutionay design. Author Warren E. Loper and James S Miller firternietrice, Inc.) In
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AGARO Real Tima Computer Ileaaad Syatema Dec. 1074 11p into four functional units. Tma major Innovation is th. unit NWlsol
rafts (For availability "as N75- 16257 07-621 determinme. at execution tirme, thre optimum axacutiar code fON

The AN Applications Digital Computer (MADC) program is array procesaing statements. This cods is lote executled bv antether
used In tha development of a modular computer designed to ba unit specifically designed f orf arayoprnd expreelorw. The deelg
assembled fram off-theashelf, large scele Integrated (LSll silicon is currently being evaluated using an emulaor write for an
wafer and magnetic thin fhim building blocks. Promn these APL time sharing system. The evaluation shone a distilnct
components can be configured a simple Minicomputer. oir a large coait/performance odivantags over both a naive approach end a
multiprocesaor, or anything In between. Exploitations of the conventional computer system. In addition, use of this computer
architecture of machines such as the AADC require the supporting in an interactive command and conrtrol system or reel time airi
exploitations of the state-of-the-art of computer programming aippiication will greatly reduce software development and
languages arnd their use In the clevelopment of reusable program Iinrgration lime and cost. Author
modules In the construction of large systems. In an attempt to
reduce the high coot of software, CS-4 Is being designed to
meeit this requirement. Author N79-16372 Burroughs Carp.. hacll. ft. Federal and Speciall

Systeme Group.
NY~UW mihs ndutres td, Sshoe leee (ngandBURROUGHS AUTOMATIC COMMUNICATIONS SYSTEM
N76IU" Smih& ndutris Ld, Bihop Clavel~nion).THE FOURTH GENERATION (SACS IVI

COMPACT INTERPRETER11111i THEIR IMPLICATIONS ON Charles S. Modrkiker In AGARD Real Time Compute Based
SOFTWARE AND HARDWARE DESIGN Systems Dec. 1974 10 p (For ovalibl"Ity w N76-1412157
K. A. Help In AGARD Reel TIMe Computer Eased Systems 07402)
Dec. 1074 10 p rats (For availability see N75115112117 07-62) The design and development of a computer system arhitec.

maere is a place In avionics real time systenms for programs tuts Is reported for application to reel time processng mae avionc
to be stored in compact code and executed by interpnetation, multiprocessor systen m we ether a semicltonductor memory or
Compact Interpretable code Is here used to mean code designed an Initegrated circuitry as a communication switch. Through the
to require near-minimium storage. Substantially smeller storage us* of microprogramming, instruction serts unique to an application
Is required for compact coda then for normal coda at produced ear created and stored In a control memory for Interpretation.

A. ~~by an efficient compiler or assembler. Typically the compression 00
ratio Is .1 to .7 and en overheand of a few hundred words for
the Interpreter Is required. The penaity for this compression of N711. 1 MV3 Service Technique dles Tosioommunlicartion de I'Air.
code Is a rase In exacutktin time. The use at compact interpretable Paris (Prance).

code It, very attractive in some avionics applications on storage ORGANIZATION OF STRIDA (SYSTEM PON PROCESSING
considerations alone, but Its use has repercusaions on ether areas AIR DEFENSER INFORMATION) IOR11GANIEATION mu
of the digital systems design, particularty In Improving legibility STRIDA (SYSTEME DR TRAITEMEINT DNE INFORMATIONS
end mitintainability of software and in promoting portability, DR DEFNSE AERIENNEII111*11)
Compact Interpretation is a softwara analogue of microprogram. D. Coulmy In AGARO Reel Time Compute. Eased Systms
Minirg. Atithor Dec. 1374 8 p In FRENCH (F1or avoablieily see N76-1621117

07-62)
M76.1=US Royal Radar Establishment, Malvern lEngland), A reel time data pruoeaing system. 1TRIDA, for processing
CORAL 681 THE UK NATIONAL AND MIUITARYV STAND. air defesne information is reported, The systm utilities a samWuser
ARD which procse"" data furniishedl by radars and presenits the data
N. J,. F. Naew In ACIARtD Real Timi Computer Eased Systems to the conitroller. Data are includled on the types of equipment,
Dec. 1074 7 p rats (For availability see N75-10257 07-62) methods ot programming, and the arrangement needed to Insure

The evolution of CORAL 46 as a standard programming satisfactory availability of the system. Traend. by E.H.W.
language hor use In realtlime systems in the United Kingdom Is
reported, with emphasis on the managerial end executive
organization necessary to launch and support the language. mai
organization necesaary to maintain the language as a standard,
and the Methods adopted In practice to ensure that the standard M79-16274 Societe d'Aiplications Generail" d~lectrIcite et
Is not doebaed era discussed. mae benefits that hte" accrue do Heceniqus, Paris (Prance),
traim adopting a policy of language standxordinetion are sum-. PARALLEL COMPUTER WITH AUTOMATICALLY RECON-
meriked. Author FIGURABLI ORGANIZATION 1COPR1A) (CALCULATEUR A

ORGANISATION PARALLELS RECONFIGURAULI AIJTQM1-
ATIOUEMENT (COPRA)]
M. C. Meraud and M. F. Browsys In AGARD Real Time

N76-16270 Plessey Itedsr Ltd., Havant (England). Research Computer Eased Systems Dec, 1974 5 p In PRENC'H (For
Centre. availability "ee N75-16257 07-621
A LANGUAGE FOR THE SPECIFICATION OF REAL-TIME To meet the demand for reliability in digital computev data.
COMPUTUR-BABED SYSTEMS a study, was made to Identify and solve the proodems aaaociated
D. M. Balaton and 0. 1. Morgan In AGARI) Reai Time Computer with such demands. The COPRA progrem is a structural
Eased Systems Dec. 1074 13 p ras For availablility "a arrangement which permits more confidence then Is asasealble
N75-15257 07-E2) by ether technological means. Three fundamental mechanoisms

Current methods of conveying the specification of reel Nime were utilized: a tailure recofiguration element which utilities
computer based systems rely heavily on natural languag as the other equipment to share, operations in case of performance
Medium for communication and agreement between custcmer degradlation, an error detection element which Inhibits the output
and contractor, Misinterpretation and ambiguities are easi0y of all errors In the results, and the resumption elemnent which
introduced it statements are made in natural language however permits the continuation of the mission In cases after falure.
and the cost of rectification con be high both In monetarY and Trendi. by E.i4.W.
lime terms. The Initial specification Is preeentd for a formai
language which has been developed to convey system specification
Information, mae lannuage forces the writer to emphasize the
hierarchical nature of the system and thus encourages a log"c5 N711-ISI711 Electraniqui. Marcsi Dassault, St. aouad (France).
and progressive flow of Inforitation, The resulting specificartion THE MICRA EXPERIMUENTAL COMPUTER MODEL WITH
serves a duel purpose as the same text can provide both an AUTOMATIC RECONFIGURATION N.EMICRA MAGUETTE
overview of the system and a detailed specification of $%ery EXPERIMEN11111111TAILE 0E CALCULATEUR A RECONFIGURA-
sub-unit. Author TION AUTOMATIaUEJ

0. P. Germain In AGARD teal Time Computer Eased Systems
N711-162711 Litton Indutstries. Van Nuys, Calif. Oata Systems Dec. 1974 5 p rfob In FRENCH (For availability see N75-16257
Div. 07-62)
FAST INTENT RECOGNITION SYSTEM (FIRST) A computer model supporting the study of diverse methods
S. C. Schroeder and L. E. Vaughn In AGARD Reeal Time to Increase reliability and security, In computer operations wee
Computer eased Systems Dec. 1974 t3 p (For availability examined. Seveial types of redundancies were put to work and
see N75-16257 07-821 the gains In reliability were evaluated. Rleconfigutation methods

The design of an APIL language computer for use In command were implemeinted and Improvements of their effectivenees were
andj control systems is Investigated. The computer is divided tasted. Experimental conclusions and caiculated reliablilty aer
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NT75IS16O Centre National do In Recherche Socentifique,
Included. The validity of all eolutions ore examined, in particular, Toulouse (Frroce). Lob. d'Automatique it d'Anslyme dee
aspects of placing the work under LSI technology. Systems@.Transi. by EH.W. A FAMILY OF MODULAR PROCESSORS: THE ASMODEE

PROJECT (UNE PAMILLU Di PROCESIEURS MODUL-
AIRE1 t LE PROJET ASMODEII

10N761-16276 AEG.Telefunken, Konstanz l West Germany). J. C. Laprie and A. Costes in AGARD RHel Time Computer
SOME MULTICOMPUTIR CONFIGURATIONS FOR REIUA. Based Systems Dec. 1974 11 p refs In FRENCH (For
MIUTY IN ATC SYSTEMS availability see N75-10267 07-62)
J. Zoern in AGARD Real Time Computer Based Systems Dec. A communication covering the ASMODEE project. including
1974 118 p role (For availability see N75-16257 07.12) numerical techniques, real time operation, and computer

The experience in developing double computer systems with architectural concepts is presented. Objectives of the project
one computer operational and the other stand-by, showed that include a study of: structure concepts of numerinal control better
even for several systems with very different Operational programs, adopted to specific needs and security functions, and decentralized
the method for double computer monitoring and automatic structuree which provide for the development of a new system
switchover can be similar or the same for each. The method of distributed hierarchy control, Trenal. by E.).W.
used ;n several applications Is to have each computer %and in
fixed time intervals appropriate status and control information
to an independent unit. Several multicomputer ATC systems are
discussed in detail to illustrate the effect of various data input N .I-16261 0 Jet Propulsion Lab., Calif. Inst. of Teoch., Pasadena,
and output availaillitlee and data storage reliability requirements. THE DEVELOPMENT AND D0MONSTRATION OF HYBRIDThe experience with these systems has shown that the reliability PROGRAMMAILE ATTITUDE CONTROL EULCTRONICS
improvements of each type meet the high requirements of ATC.

Author L. S. Smith and E. H. Kopf, Jr. In AGARD Real Time Computer
Based Systems Dec. 1974 10 p rief IFor bvalebllity see

N7/-S.277 Forschungeinstitut fuer Funk und Mathematik, N75-18257 07-82)
Werthoven (West Germany). (Contract NAS7-100}
DISTRIBUTION OF THE TASKS IN A PHASED-ARRAY HYPACE provides an adaptable, analog/digital design
RADAR SYSTEM BETWEEN GENERAL-PURPOSE COMPUT- approach that permits preflight and In-flight atcommodation of
IRS AND SPECIAL PROCESSING UNITS mission changes, component performance variationa. spacecraft
E, Hanle /it AGARD Reel Time Computer Based Systems changes, etc., through programing. This enabled broad multimis-Dec. 1974 7 p rifs (For availability see N75-18257 07-62) sloir flexibility of application in a coat-effective manner. The

In s future radar system with an electronically steered antenna HYPACE design, which was demonstrated In breadboard form
a lot of tooks must be handled eimultaneously with high speed, on a slngle-axle gas-bearing spacecraft siimultion, uses a single
which do not run down with fixed parametera and Independently nontrol channel to perform the attitude control functions
from each others like in usual radar systems, The presentation sequentially, thus significantly reduwing the number of component
shows, that in this multi-function processing system no units of parts over hard-wired designs. The success of this effort resulted
the same kind can be implementted, since at particuir points in in the concept being selsltd for the Marinee/Jupiter/Saturn
the system data volunres of very different sizes and In various 1977 spaceraft applisltion. Author
time intervals occur. The stesring of the different functions by
data dependent parameters and the overall system control must
be handled by programmable general purpose computers, since N71-1.212 California UWiv., Los Angeles. Dept. of Computer
during these control functions a lot of different dats must be Science.
stored for a long time. Examples for that are given in the THE IMPACT OF RECENTLY DEVELOPED HYBRID COM-
presentation, Including implementation of graceful degradation. PUTING DEVICES ON REAL-TIME S1GNAL PROCESSING

Author
Wltei J. Karplus InAGARD Real Time Computer Based SystemsSNTB.IS•71 Intermetrice, Inc.. Cambridge, Mass. Doc. 1974 10 p refs (For availability snee N75-16257 07-62)

FAULTTOLIRANCI FEATURES OF AN AEROSPACE (Grant NSF OK.314631
MULTIPROCESSOR Recent advances In the analog and itybrid computing field
James S. Miller In AGARD Real Time Computer Based Systems are reviewed, as well as implications of newly developed
Doc. 1974 p rifs (For availability toa N75-16257 07052) devices upon the design of real-time signal processing systems,

Processor errors era detected by comparing results from The preprocessing of continuous data. using analog modules.
Proe niterrors exeuting concurrentlty. Locapl p roessor stoprior to digitizing as well as the utilization of a number of parallelduplexad units executing concurrently. Local processor storage anetog/digital convertars ip~peare to hold particular promise.

Is also duplexed. and segregated from processing units. Parity Author
checking Is used to identify the invalid copy when a compar- Author
"ison failure Is signalled, Instruction execution is split into
phases such that no phase overwrites its input. A hard-core
redundant unit is used to commend Instruction-phase retry N75-16293 Texas Instruments, Inc . Dallas.
following a fault, If retry falls, another processor Is interrupted THE ADVANCED SCIENTIFIC COMPUTEII AN ADVANCED
to unload the faulty procassor's local storage and prepare the COMPUTER ARCHITECTURE AND ITS REAL-TIM11 APPU.
disrupted process for immediate resumption at the point of failure. CATION TO BALLISTIC MISSILE DEFENSE
Recovery from faults in main memory capitalizes on the John W. Ilakemore in AGARD Reel Time Computer Based
descriptor-based memory multiplexing scheme used for normal Systems Dec. 1974 12 p lFor availability see N76-16257
operation. A novel use of interleaving allows hardware- 07-62)
supported duplicated safe storage of datisegment& in main The advanced sclentific cnmputer (ABC) is a computer system
memory, since these change too frequently to be duplicated on utilizing three processing units, one optlihized for control, one
secondary storage. Author optimized for high speed arithmetic/Iogical operations on ordered

arrays (called vectors) of data, and the third used exclusively for
N7-1S.279 Messarschmitt-Boelkow-Blohm G.m,b,H., Munich date transfers, This high throughput potential is due principally
West Germany). to the design of the control processor which permits continuousIMPLEMENTATION OF THE) MICRO PROCESOR CON- control operations without Interferring with vector processingCIEPT operations and to the fact that the ballistic misille defense problem
R. C. Downs In AGARD Real Time Computer Based Systems provides Victors of data ion targets) in s natural way The ABC
Dec. 1074 11 p refs (For availability see N75-16257 07-62) control processor (through special hardware) is provided positive

Because of their smell size, low power consumption, high control over all elements of the system (i.e. memory. data channels.
reliability, and environmental ruggedness the micro processor is and the arithmeticIlogical processor). It is implemented as eight
entering new applioation fields, where previously mini processors Independently programmable processors, each provided accesse
were unacceptable. Theet applications include the sophistication to the entire memory space. The memory space may be
of military and aerospace equipment, whoae complex control Implemented in alow or fast memory or a mixture of the two.
functions are now equalled by the computing capabilities of the The memory is all solid state, Interleaved and overlapped, providing
micro processor. The development and capabilities of the micro date to the processing elements et a maximum nominal rate of
processor in terms of physical. hardware, and software charactrris- one word every six nanoseconds. Memory management, control,
tics in the Implementation of the micro processor concept are and protection is facilitated by the control processor special
discussed. Author hardware. Author

247



62 COMPUTER SYSTEMS

N74-516264 Marconli-lliott Avionic Systems Ltd., Rochester N175.16255 Rome Air Development Cgnter, Griffil AFB, N.Y.
lEngland), Airport Works, APPLICATION OF MULTI MINICOMPUTER CONFIOURA-
THB INFLUENCE OF AyIONIC SYSTEM REQUIREMENT ON TION TO INTERACTIVE GRAPHICS AND CARTOGRAPHY
AIRBORNE COMPUTER DESIGN
J. T. Shepherd In AGARD Real Time Computer Beond Systeons William G, McLellan and S. K. Modet IFRC Information Sl.
Dec. 1974 21 p aFor availability see N75,1B257 07-62) Co.) In AGARD Reil Time Computer Sased Systems Dec.

Constraints imposed upon the airborne computer designer 1974 12 p (For availability see N75.16257 07-62)
by system performance and aircraft operational economic This system is described to produce error free digital data
environment are examined. System requirements Include sir data cells containing topographic data In geographic coordinates that
systems, autopilots and flight director systems, heed up, weapon are completely Identifiable. The large central minicomputer Is
delivery systems. navigation systems, central management systems equipped with printer, magnetic tape transports, and rotating
and engine control systems. Size and weight, environmenitl memory. Current design allows for up to 10 work stations to
design, reliability and maintainability, integrity, and thermal and be simultaneously operating with the single large minicomputer
cooling requirements are considered as pert of the operational centrl Pr96etsor. M.C.F.
constraints, The type of architectures that evolve from thee
requirements are discussed. Trade-off studies between instruction
code/addressing structure and store utilization are also Includ. NI7.16250 Lear Siegler, Inc., Grand Rapids, Mich. Instrument
ed. Author DIV.

RPF SIGNAL PROCEiSING VIA CONTROL OF SPCCIAL
N75-1i285 Litton Industrial, Van Nuys. Calif. Data Systems PURPOSE PRI-PRoCIuSSON
Div. A, Dimltniou In AGARO Reel Time Computer Based Systems
MACROS: AN INSTRUCTION CONCEPT CHANGE Dec. 1974 12 p (For availability see N75.16257 07621)
A. J. rEw and C, C. Church In AGARD Real Time Computer Radio frequency signal procesing for radar, ECM, acoustic.
Eased Systems Dec. 1974 7 p refs (For availability see Lorea, Ney-.at and other applications involves rapid sampling
N7.-16257 07.62) of the received signal and quick processing of the sampled data.

Macro (in hardware) Instructionr make a change that improves Two approaches are possible when a digital computer is ilaed
storage efficiency and program execution time. Briefly, the fat signal processing. One is to dedicate the computer to signal
computer evolution is described and Includes statistics of computer processing functions and allow other computational tasks to be
istruc~tions which led to the development of the Maro concept, performed as lime permits. The other approach is to have a
The Macro instruction of 1-byte length (S bits) provides multiple presprocessor or preoprocessors operating under control of a
functions. Examplee era given to demonstrate the advantalges o control processing element. The pro-processor, in this case,
Macros, storage savings, and Improved atmputer throughput, prorms the time consuming tasks of dale sampling and simple

Author manipulations of the sempled data. The data Is then transferred
to the centrl processor where more sophisticated processing is
performed. This paper describes the control which is necessary

N76.116284 Computing Devices of Canada, Ltd., Ottawe (Ontrio), In order for a pre-procesar to "rate ,,ndlr control of a central
MICROPROGRAMMED COMPUTER COMBINED AVIONICS data processing element, Examined specifically. Is the operation
DISPLAY AND DATA PROCESSING of a Loran-C pre-proessaor. Author
Dele R. Youngs In AGARD Real Time Computer Based Systems
Doe. 1974 112 p (For availability see N75.16257 07.62)

A small.isa, high-performance, airborne.computar (IDP-974 1 -16291 Ministry of Defence, London lingandl.
DEIVELOPMENT IIXPBINIINCKS OF REAL TIMEI COMPUTER

General-Purpole Computer) was developed for application in anDELOPME N EP RIE REALT
integrated display and processor system IDPSI) for lower-coat EASED SYSTEMS IN STRIKE AIRCRAFT
alrorht. The prime obiective of this development was to optimize C. J. U. Roberts In AGARD Real Time Computer Based Systems

colt.e-fectiveneee of the computer and primary displays subsystem Dc 94 p(r ail ablith seatem 0hat21
by means of tims.aharing the displays servicing. bellistics, to This paper will doscribe the nay/attack system that Is fitled

navigation, etc., in a single central general-purpoee computer. to the UK version of the Jaguar aircraft with particular reference
That is, the time-sharing of ballistica and navigation in the soma to is computing sub-system. The paper will also discuss the
computer is now commonplace, however, the additional task of effect that the flexibility of digital computing has had on the

real-time multiple displays servicing together with more sophisti. flight trials program together with some of the salutary aspenr.

cated ballistics (the Hot-ULa Air-to-Air modl) and navigation eicea that has been gained on the inter.relaltionships of hardware
(mli-enlesor mixing) required a Slsomble Increase in central and software and the need for a disciplined validation process

corputer performance. The avillability of complax integrated for the flight program sofware. Author
circuits has made possible such Increased performance in addition
to decreased site and coat. The computer described herein N1176-1622 International Business Machines Corp., Owego, N.Y.
vairagee more than 400,000 operations per second and occupies LAMPS: A CASE HISTORY OF PROSLIIMS/DESION

a 1/2 AYR volume. In addition to merely high-speed, performance OBJECTIVE$ FOR AN AIRBORNE DATA HANDLING
was Increased fjrthr by virtue of a more versatile architecture, SUSSYSIETM
such as a large quantity of operational registera and complex nex Reed and Howard J. Cattle. Jr. (NADC. Warminster, Pi.)
instructions, then is normally found in low-coat computers. In AGARD Real Time Computer Based Systems Dec. 1974

Author 11 p (For availability s"a N75-16257 07-62)
This paper is presented to clarify and broaden the understand.

N795ISt2l7 British Aircraft Corp. (Operating) Ltd., Briatol Ing of the problema relating to computer-besed realtime aystems.
(England), Commercial Aircraft Div. A ourrent U.S. Navy avionics data handling subsystem aboard a
TRAFFIC MODELUNO OF MIUTARY COMMUNICATION dlstroyer-based helicopter, will be reviewed as it progresasd from
SYSTEMS ON DIGITAL COMPUTERS the concept evaluation and flight test phases of in engineering
D. V. Turner In AtARD Rieal Time Computer Dosad Systems test bed to the present enginadring prototype. An analysis of
Dec. 1974 10 p (For availability see N75186257 07-62) the test bed's positiva and negative data handling features are

A model developed by the author to simulate the flow of discussed with respect to their Influence on the follow-on deulgn.
traffic around a network is described, and a military communinstlon The prevailing philosophies and constraints surrounding such a
model is discussed in detail. Both the physical representation of dsvelOpment impacts the deitgn alternatives while a balancing
the system as a data structure and the processing functiona of of hardware/software parsiseters assists in optimising system
the simulator are discussed. M.C.F. performance. Finally, the importance, even in the early design

efforts of hardware/software cooperation is emphualsed If in
176-16211 SBlenia S.p.A., Rome (Italy). optimum design It to be achieved within the surrounding realities.

DATA ACOUISITION AND DI8TrRIUTION IN RIAL-TIMI Such early oooperation. as san In the example, Is felt to have
AEROSPACE SYSTEMS optimized hardware design as well as eliminated much of the

BS Oasso and I. Gamberale In AGARD Real Time Computer software required to rectify the loak of desirable, or even assential
Eased Systems Dec. 1974 19 p reft iFor availabllity see hardware features typical of independent design efforts. Author
N76-1t6257 07,02)

The exohange of Information Is described between data N75-11S1293 IBM Italia, Rome.
sources, computing facilitles and data users. Dets routing and DIGITAL REAL TIME SIMULATION OP FUGHT
the control of digital. lime-multiplesd data buses are discussed. Nunzlo LeFadita In AGARD Real Time Computer based Systems
A traffic model is presented to serve as a basis for developing Uie. 1974 17 p retf (For availability see N75-1l6257 07-62)
a bus control algorithm. M.C.F. The simulation of flight is discussed, producing real-time
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- ~~~~~phenomenon. The problems arising from general purpose digital62 C MUE SYT SI.computers to simulate real-time flight are Investigatied. M.C.F.

M76.-14294 Eurocontrol Agency, Maastricht (Netherlands).
THE MAANTRICHT DATA PROCUUSING AND DISPLAY
SYSTM:i A $TIP IN AUTOMATION OF AIR TRAFFIC
CONTROL (THEK SOFTWANII STRUCTUREl OF THE SYS-

R. E1hrmanrrtraut InAGARD Real Time Computer Based Systems
Dec. 11974 14 p lPar availability see N75.116957 07.62)

The system performs multi radar tracking on date fronm up
to 6 radar stations. Exrtensive checks of date entering the system,
especially for flight plans, ore carried out. The system performs
correlation of plans and tracks. Information In the data bank Is
automatically tupdated by radar. Technical particularities concerning
the degree of modularity aer d~aouaaed, antd dlata bank structureI: and some supervieory aepecta are highlighted. It Is shown that
in the event of a hardware or software failure, a system
raconfigurstiort will take please. In case the main computer fall,
restart takes piece from safe data on disk memory. Auithor
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11117111N.-22049 Imperial Cll,. of Scalnce end Technology. London70 PHYSICS (GENERAL) 1i(glandi.
For geophysics see 46 Geophysics. For astrophysics sae 90 NEW JUSTIFIOATION FOR PHYSICAL OPTIC@ AND THE

Astrophysicr. For solar physics see 92 Solar Physics. APERTURE.FIELO METHOD
R. H. T. Nates In AGARD Electromagnetle Wave Propegation
Involving Irregular Surfaces and Inhomogeneous Media Fob.
1976 7 p reft (For availability s N7.-22045 13-701

The extended boundary condition (optical extinction theoremi
N7.22045# Advisory Group for Aerospace Research and Is used to examine the physical optics (Kirchoff) approximationNoto exact diffraction theory for scalttarero of arbitrary shape having

Development. Paris (France). surfaces that can be usefully characterized by surface Imped.
ELECTROMAGNETIC WAVE PROPAGATION INVOLVING
IRREGULAR SURFACES AND INIOMOGENEOUS MEDIA encee. For inhomogeneoes media with rough surfaces, without

N. Inca. ot. (Shape Air Defense Tech. Centeri Fxb 1976 any asymptotic constraint an the shapes of the surfaces, the
physical optics forms for the surface currenta lead to satisfaction

501 p rion In FRENCH and ENGLISH Presented at the of the extended boundary condition deep inside the media, under
Electromagnetlc Wave Propagation Panel Symp.. The Hague. fairly wide sets of conditlons. The form of the incident fleld
25-29 Mar. 1974 afgets the goodness of the physical opti approximation, Flat
(AGARD-CP-144) Avail: NTIS HC 412,25 aurfet hsve a special gogde iflosnos for physical optiima How to

The proceedings of a conference on electromagnetic wave
propagation are presented. The conference WIG oonCtrnad with: make uas of ray-optical technq•itis to compute the equivalent

purface ourrents on fictitious flat surfaces in front of the octlal
ill propagation of surface waves over Irregular and/or in- surfaces Is discussed. Author
homogerneous terrain. (2) scattering from rough surfaces arrd
volumes, and (3) guided ways propagation in the presence of
Irregularities, The charactetlstilcs of communication systems which
require a knowledge of electromagnetic wave propagation are N7B.22010 Harry Diamond Labs., Washington, D.C.
discussed. Mathematical theories of radio wave propagation are A THIRD-ORDER SPICULAR-POINT THEORY FOR RADAR
Included. For Individual titles, see N75-22046 through N75- AAmKWCATTIR2208,P James E. Seltzer /a AGAfRD Elecltromagneticl Wave Propagation

Involving Irregular Surfaces and Inhomogeneous Media Feb.
1975 15 p refa iFor availability see N75-22045 13-70)

N76-22046 Shape Air Defense Technical Centerý The Hague Two principal modifications to the existing theory for
(Netherlandl), electromagnetic backboattering from randomly rough surfaces with
TECHNICAL REVIEW OF IM WAVI PROPAGATION Gaussian height distributions ara omployed to extend the theory
INVOLVING IRRIGULAR SURFACES AND IN. and make It more consistent with the physical optics solutions
HOMOGENEOUS MEDIA for reflections from curved surfaces, First, the goomitrical optics
A. N, Inea In AGARD Electromagnetl Wave Propagation solution for reflection from a point of stationary phase has been

pInvorian Irregular aurfaicl and Inht mogyneoe u Media Feb, modified to Include the contribution from the third-derivltive
1975 11 p rate (For avalablity see N75.22045 13.70) terms in the power series expansion of the argument of the

A review of lectures on electromagnetic wave propagation extonential in the Helmholta Integral thereby precluding the
Is presented. The subjects of the papers are ias follows: (1) prediction of Infinite backacattered fields from specular points
development of models for electromagnetic propagation over tough that are also points of zero Gausslen curvature. Second. the
surfaces. (2) electromagnetic propagation in layered guiding spatial densities of specular points have been determined as a
structures witlt Irregular bounderleo involving mode coupling and function of the height coordinate with respect to the mean surface,
conversion, (3) remote sensing using sr. airborne radar sotteloms- In consonance with the latter development, height-dependent

. tar and a noncoherent pulse radar on a stationary platform, and shadowing probabilities arid means and mien-square values for
(4) ground wave propagation over Irregular and nonhomogeneous the scattering amplitudes have been derived. Author
earth including land-sea boundaries, varying soil types, and

-,Mountain ridges. Author
n t dAN70-22061 Texes A&M Univ., College Station.

0 Tg n v rON VOLUMI.DIPINDINT DEPOLARIZATION OF IM
N75.22047 Taohnische Hogeohol, Eindhoven (Netherlands). IACKICATTER FROM ROUGH @URPACES
MATHEMATICAL THiORIES OF RADIO-WAVt PROPAGA. John W, Rouxe,Jr, MnAGARD Electromagnetl Wave Propagation
TIONi AN HISTORICAL SURVEY Involving Irregular Surfaces and Inhomogeneous Media Feb.
H. irommer In AGARD Electromagnetic Wave Propagation 1975 5 p raft (For availability see N75-22040 13-70)
Involving Irregular Surfaces and Inhomogeneous Media Feb. Recent Investigations of the depolarization of bokocatter of1975 14 p refs (For availability see N75-22046 13.70) coherent optical energy incident upon rough surfaces indicate

Mathematical models are developed to describe the character- that subsurface volume scatter Is a primary depolarlastion
Istits of radio wave propagation, The purpose of the analysis Is mechanism. Measurements of Inhomogenecus dielectric targets
to determine the field strength due to a point source (the indicate that a depolarization ratio of unity Is polcible. Ise. total
tranamilter) placed In an homogeneous medium (the lower depolarilation, and that the depolarlied component Is controlled
atmosphere), the field being observed on ,or slightly above an almost exclusively by the degree of volutes scatter within the
homogeneous sphere Ithe eatth) and the electrical parameters sample. An extension of the physical optics approach has boen
of the two homogeneous media being known, The approaches formulated to Incorporate contributlons duo to scattering within
considered are; (1) the Walton transformation, (2) the impedance the aubsurface volume. The study Indlotoa that depolarimatlon
boundary condition, (3) the effset of the horizontal atmospheric due to volume scatter Is highly dependent upon the properties
stratification, and (4) the statiotIcal elements in wave propagation of the material; that volume scatter could govern the depolarimstion
problems. Author near vertical incidence; and that multiple surface scatter Is most

Influential at Incidence angles greater then 30 dog. The basic
experimental work his been performed at optical wavelengths

N76-22041 Colorado Unlv., Boulder. Dept. of Electrical In the laboratory, however, airborne microwawve radar and

Engineering, radiometer measurements of see ice have also boee shown to

MODELING OF ROUGH SURPACES exhibit a strong dependents on a volume scatter mechanism,

P. Beckmann In AGARD Electromagnetic Wave Propagation This phenomena Is apparently responsible for the excellent sea
Involving Irregular Surfeces and inhomogeneous Media Feb. lo type differentiation observed In recent sensing studies.
1975 10 p refs (For availability set N75-22045 13-70)

The theory of scattering electromagnetic wsves by rough
aurfacet Is analyeld in terms of the prediction problem and the N17-22062 Naval Underwater Systems Center, New London,
probing problem. The models of central importance are Identified Corn.
as those generated by random processes, The models can be SCATTERING PROM A SINUSOIGAL OCEAN SURFACE
reduced to two broad groups: 0t) models using qIxct boundary EXCITID BY A LONG. HORIZONTAL ELECTRIC LINN
conditions and air approximate evaluation (the Rayleigh method) ISOURCE
and 12) models using approximate boundary conditions end Dennis E. Fesendlen /n AGARD Electromagnetic Wave

accurate evaluation Ithe Kirchoff method). Both methods are Propagation Involving Irregular Surfaces and Inhomogeneousca Opable of voactorivtiton for treating the polaization of the Media Feb. 1975 11 p rats (For Availabilllty see N75.22045

scattered field in addition to Its amplitude and phase. Author 1.-70)
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The spae wave electric field produced by a horizontal electric physical insight and quantitative accuracy for model eascittion
line sourca located above a traveling ocean surface is disacussedr. and coupling dus to localized sources or sactterers. The theory
The covert surface is approximated by a perfectly conducting. and several applicationrs are reviewed. Concerning the ray-modal
slnuscidal surfacel. Situation@s till where thea anuvoidsl model coonversion process. attontlon Is given to the lateral ray shift

is a good approximation of an actual ocean surface For this associated with total refiection; this phenomenon hue been
with a fraenipace wavelength: therefore, a Fourier integrai. optics. The ray method Is then extended to thie tracking of
perturbation series approach can be used to solve the boundary intiomogeneous waves, thereby gonarslitiing Its applicablity to
vaiue problemn. The line source is oriented parallei to the crests evanescent fields. leaky waves and Gaussian beams. This more
and troughs of the ainusoidal ocean waves; thus, the problem general theory Is Illustrated by Guassalon booni propagation In a
is reduced to two dimenopiuns and only one eiectric fieid medium with transverseiy stratified refractive index, end hy
component. Tha resulting space wave fieid is composed of the scatts~ring of a Gaussian besam at a curved boundary. Sonme
incidant and spacuiariy reflected filid from a perfectly conducting. observations ore made concerning the locaiity of propagation
fiat surfacd pius a scattered term for the sinusoidal roughness. and scatterirng processes for homnogeneous anJ inhomogeneous
The magnitude of the scattered term is directly proportional to waves. Author
the slnusoidei surface ampiitudo in wavelengths, arnd Bragg
scattering occurs for specific wavenumber relationships. Graphs N76-2201111 Leborsatire d'Optique Electromagnatique, Marseille
are presented of thea field variation as a function of the sInusoidal (rronce).
wave (motion. Although the scatter theory wos applied to a DIFIREIIIIIIINTIAL FORMULAS FOR DIFFRACTION PRO-
einusoidsi surface, it can be shown that the theory can be applied ALIMI IN THUR 11EEG1NANCE DOMAIN (FORMALISMI
to sny surface that is Fourier transformable. Author DIIFFUREIIIIINTIEIL POUR LIS PROELEMNI Do DIFFRACTION

DANE11 LE DOMAINE D1 RESONANCE I
A., Petit In AGARD Eloctromagrietic Wave Propagation Involving

N75-22053 Technische H-ogeschool, Eindhoven (Netherlands). Irreguiar Surfaces and Inhomogentaoua Media Feb. 1975 11 po
PROPAGATION THROUGH INHOMOCENECUB AND rafs In FRENCH (For availability son N76-22046 13-70)

ETOCHSTIC EDIADifferential procedures used to study diffraction grating
H. Stammer In AGARD Electromagnetic Wave Propagation problems of periodic surfaces areo examlneld. In particular, partial
Involving Irregular Surfaces and Inhomogensclus Media Feb. differential equations, truncated Fourier series, Rayilegh hypath.
1975 t0 p rats lFor availability see N75-22045 13-701 sile. and Halmholtz equations are discussed. Date crover

The propagation phenomena connected with tihe stochastic application of conformal mapping to electromagnetic wavev
inhomiogeneity of the atmosphere ore discussed The theory relates scattering by gratinga, anomalies of diffraction gratings, scattering
ritatisticai properties of the inhomogensity with those expected by ulieletric cylinders with arbitrary cross section shape, and
fot the fivld intensity fluctuatiunt. Two quantities prove to be of opticai grating coupiers. Transl, by I.H.W.
dominating Importance: (11) the distance (D sub 6) along which
one single scattering Is only to be expected and (2) tha scale
of turbuience, which Is a measure of the inhomogenelty of the N76.29057 GEC-Marconi E1lectronics ltd. Chelmsford (England).
medium. The nurmaniofl values of these peramisters fix the phygical SCATTERING OUT OF THE EVAPORATION DUCT
characteristics of the propagation In querstion. They can be S. Rotheram In AGARD Ellectromagnetic Wave Propagation
represented by at point In a plot giving the penetration depth of Involving Irregular Suilsacs and Inhomtogeneous Media Feb.
the wove in the medium vbrsus the quantity D sub S. The 1975 12 po refs (Por availability see 1478-2204111 13-70)
varnous domains in this plot Involve different propagation The theory of beyond the horlion radioweve proplagattion in
properties. Resuits are given which concern the variance and the evaporationl duct with a smooth aset urfasoaend a smooth
the distribution of the possible values of the irradiance for a refractive Index variation Is discussed, It ham been shown that
wave that has covered a specified distance through the the theoreticai predictions nearly always caselood the experimental
medium, Author values. It Is postulated that this Ia a consequence of ecottorlns

out of the duct by the rough sea surfacseand etmoepheric
turbulence. A method Is given for taking Into account the rough
sea surface In which the emooth sea refllctIon coefficient Is

IN 75-22064 Nembraisa Univ., Lincoln. Dept. of Electrical replaced by a rough asee reflection coefficient of well-known fturm.

"Engineering, This Is then convened into a surfae impedoanc boundary condition
PROPAGATION IN DUCYW AND WAVEGUIDES11 111104E6111 to be satisfied by the holight-pain function$. Some numerical
ING IRREGULAR FEAYLRES11% FULL WAVE SOLUTION$ results are presented and a preliminary comparison rmade with
E1. Eahar In AGAND Electromnagnetic Wave Propa gation I involving esperimental results. Author
Irregular Surface and lnhoiiogensous Media Feb. 1975 12 p
rats (Poi availability see NB*22045 1 3-70)

The imrpetue to produce rigorous solutions to more realistic N71S22068 Southampton Univ. (England). Dept. of Electron.
madala of pertinent propagation problems over a wide fraquency lee.
ranrge has eionoraetd the need to derive full wave colutions to PROPAGATION IN CURVED MULTIMODE OLADDED
problems cr1 :rdiu wave propagation In nonuniform multilayre 11ISRESl
qctrurjrurt--i The corraiuinabie growth in civil and military Interest W. A. Garnbling, D. N. Payrne, end H. Metaurmure In ACIARD
in the rtaveirlpmant of q.ore reliable comimunication and detection Electromagnetic Wave Propagation Involving Irregular Surfaces
oVsynste the potential for developing radio weve methods for end Inhomogeneous Media Feb. 1975 16 p (Por availability
remote sensing and the need to develop hardened communica. seo N75-22045 13.70)
lion systems have contributed much to thia renewed Interest. An analysis is given of coupling between modes In curved,
Vheso developments have been paralleled by remarkable advances cylindrical, multimrode optical fibers. The coupling coefficients are
that have been made In the availability of high powered, very derived. The coupling characteristica of the various modes are
lovw frequency electromagnetic sources that are capable of developed. The degree of mode conversion Is slated as largely
radiating deeper into the earth's crust is well as the avaliability rostricted to a periodic exchange of energy, between the modes,
of tranarritters operating at optical frequencies. Trho eady accesa along the length of the fiber with a periodicity which can be
to largo. verisetill digital computers has made It possible to lees than one millimeter. This form of quali-aingls-mode operzataIon
employ the full wave approach to obtain nurmerical solutions to Is tsefleced in very low values of putlse dispereion, but I* very
a wide clasa of Important problems which hove hitherto been seneitive to rtress in the ilber, The significance of these results
either Ignored or over-ideaeiied In order to reduce them tn tractable In terms of mode conversion Is discussed. Author
probiemsa Author

N7E-32055 K~ansass Univ., Lawrence.
N75-220BS Polytechnic Inst. of New York, Farmingdale. REMOTE 81ENEING OF SURFPACE PROPIRTIES
ASYMPTOTIC TECHNIQUES FOR PROPAGArION AND Albert Wayne Biggs in AGARD Eleoctromagnetic Wave
SCATTERING IN INHOMOGENEOUG WAVEGUIDES AND Propagation Involving Irregular Surfaces end inhommaoeneous
DUCTS Media Feb. 1975 12 p rtef iFor availability see 1475-22045
L. 1. Faison In AGARD Electromagnetic Wave Propagation 13-70)
Involving Irregular Surfaces and Inhomagensou-i Media Feb. A review of some experlimental techniques used In remote
1975 5 p refs (For availability see N75-22045 13-701 sensing of the earth's surface Is presented. The experimental

A ray-optical procedure of fairly recant origin provides new techniques utilize remote sensing systetns In airborne and
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stationary platforms. The remote sensing systems are on airborne 11175-22083 western Ontario Univ., London. Comteri for Radio
K'radar scanttrometer and a noncoharent pulse radar on a television SiiCr tower a~ten altitude of 75 meter bv h atssrae THE PROPAGATION OP RADIO WAVES THROUGH

The resultsor presented in the form of the radar backscattar PERIODICALLY VARYING MEDIA
coefficient as a function of elevation angle. The forms af terrain G. F. Lyon and A R. Webster In AGARD Electromagnetic
are ocean surfaces, pole. sea Ice and vegetation. Author Wave Propagation Involving Irregular Surfaces and In-

homogeneous Media Feb. 1975 a p refs (For availability see
N75-22045 13-70)

N75-22060 M~Vonnell Aircraft Co. St. Louis. Mo. The propagation of radio waves through periodically varying
POLARIZATION DISCRIMINATION IN REMOTE SENSING media is disicussad by treating Ionospheric Irregularities @as

perturbations in a smooth Ionosphere with a normnal electron

JG.Lae InAGAID Electromagnetic Wave Propagation destvrushitpofl.IIsosbeinhs way to model

197612 re~i Foravalablit se N752205 1-70 an chngeit)thenumber of electiorns along any ray path and

varia bl@L Of polarization, frequency, and scattering geometry. with some experimental observations. AuthorAlthough It has long been recognized that the materist variablesof s0urfae roughness and .llelecitric constant must in eaome fashiongoentematerial's scattering properties, a complete description N75.22064 Illinois Unive., Urbana. Electiomagnetlcs lab.

interpretation In terms Of motorial surface scattetring properties Wv rpgto novn reua irae n n
alonre. particularly with regard to anomalies In the co-pouncied homogeneous Media Feb. 1975 11 p refs lFor availabilityand cross-polarlxrtd returns. Although polarization sensitive remoite se N75-22045 13-70)
sensing using active sources In the optical spectrum Is In Its (Grant DA-AROID)*31-124-71-G771
Infancy, a similar state of confusion regarding interpretation may A technique Is presented for temple probing a stratifiedbe expected unlessa a better understanding Is available regarding medium using a spectral domain approach which differs fromfundamnental snattering characteristics. Theoretical and experi- the conventional time-donisin techrnique. rho magnitude and phasemental works which provide a basis for explaining many observedofteildath ufc rit'nfmonoumdumwn
scattering chsrocterlstics are reported. This explanation Is inade ofthe proingd wavte Iufcs foft tr q ifrasapae regon meiu whlestan

posibl byincudig te efecs o voumescaterng s ~zero Is determined, The vallue of the measured surface makes Itre-radiat'in iciurce. The experimental data provkled result from possible to computa the sepstial domain counterparts which mustoptical measurements: however, corresponding agreement be processed to determine the value of x. The computer storagebetween theory and experiment has also been shown In the and processing time for this procedure are within the rapabilitlymicrowave spectrum. Author of minicomputers. Several numerical results for profite functions
are Included to Illustrate the utility of the method. Author

NII75-2061I Noval Reseairch Lab., Washingron, D.C
THE SECOND ORDERI DOPPLER SPECTRUM OF RADAR N75-22066 Rome Univ. (Italy). tot. da glettronica.
SEA ECHO FOR FREQUENCIES ABOVE VHIF STRUCTURE OP TROPOSPHERIC INHOMOOSNEKITIES AS
G. R. Valenauela In AGARU Electromagnetic Wave P'ropagation DEDUCED FROM INTIERPEROMETRIC MESAIURNEMENTS
Involving Irregular Surfaces end Inhomargeneous Media Feb.
1975 11 p refs (For availability see N75-22045 13-70) Giovanni Douris and Domernico Solimini In AGAhD Electrornag.

The effoct of surface tension in the second order Doppler not~c Wave Propagation Involv.ing Irregular Surfaces slnd
spectrum of radar sea echo Is Investigated. Tht analysis includes Inhomogeneotis Media Feb. 1975 13 po rats (For availablitly
the angle of Incidences dependence, the polarization dependence, sees N75t.22045 13-70)
and the Ioosy- dielectric properties uf the sea. Surface tension Is A method for Identifying the geometry of etniaspharlin
introduced In the hydrodynarnic part of the transfer coeffioient. Irregularities is Illustrated and its use In an experiment is described.
'rhe introduction of surface t~rrslon In the analysis allows for The method consistki in determining the spatial statistics of the
resonant interactions of the gravity. capillary wave components field In a transverse plean at the receiving end of a lime-of-elght
or' the water surface. Numerical results are presented from the propagationr path. The spatial statistics are derived by measuring
generaizued theory for vertical and horizontal polarization as the degree of coherence for points aligned in vertical and horizontal
function of radar wavelength, wind speed, arid radar viewiirg directions. By the anisotropy of the coherence, the geomnetrical
angie In relation to tire wind direction. Author otructura of irregularities of the part of atmosphere which has

been paused through Is Inferred. By taking a entage of the
observation of other quaritithits that the lnterfaro, irla techni,~u&
can provide, the diverse mecharnisms of propagation are
recognized, thus confirming the existence of a given structure

N75-22062 K~ansas Lnittl., Lawrence. of Irregularities, The esxperirment ties been conducted 3t X-band
VOLUME SCATTERING PROM ICE AND WATER IN over a 37.5 Km path, and data which have been obtained from
INHOMOGENEOUS TERRAIN it furnish, anmong other things, information on then probability of
Albert W. Biggs Irr AGARO Electromagnetic Wave Propagation occurrence of meteorological conditionsa related to the observed
lIrvolving Irregular Surfaces and Inhomogereous Media Feb. struictures of irregularities, Author
11927ý 13 pr refs (For availability see N75-22045 13-70)

VýOlunio scattering of ilectromagnotic waves from Arctic sea
Ice and terrain wlih varying amounts of waler Is considered. N7$-22064 Manitoba Univ.. Winnipeg. Dept. of Electrical
Physical propertios of sea Ice and dielectric properties of snow Engineering.
err- described In terms of mlixtures of ice and water and the RADIOMETRIC 11IQN11ATURES OF COMPLEX BODIESI Osebys relaxation spectra of water at mricrowaver frequencies.Scart.:ing moduel Include b-me pockets in sea ice, ice spheroids M. A. K. Harild In AGARO Electromagnetic Wave Propagaotion
iii glacial anow. arid varying amounts of water in snow and ice. Involving Irregular Surfaces and Inhomogeneoug Media Feb.
Radar biirckbeaxttr measurements of sea Ice and SLAR Images 1975 27 po refs (For availablilty see N75-2204G3 13-70)
aro irlerprets.] wt1h thesec mocdels. Three models of volume The basic theory for microwave radionretric signatures of
xcatterirr- are described. The first model is developeid from finite stationary or moving. niatellic or non-metallic, bodies of

Lambert's Lav. wbilrh Indicates that light scattered fromn a radiating simpfe shape which P~e either larger in ertent than the boom
surface varies rin Intensity is the cosine of the propagation direction coverage of the radiometer antenna or lie entirely within the
end lbs surface normal. The second Is nriads by replacing tha beam Is outlined. The theory is developed to Illustrate modeling
terrain by a singin layer of apheres. which scatter eq~ually in all concepts by deriving a currection factor due to the finite
uirsctions. Tire third model considers many layers of spheres, dilmensions or structural inbomogenelitie of the body and I@
The aplrirss of icp are treasted as Estor, lesnes. whicih yield a extended to few composite bodies which can be viewed as
much higher scattering cross section than that of a perfectly combinations of simple ones. Experimental results for the emisalon
conducting metal aphere uf firs semn size. Author pattern of selected objects are ials presented to show the
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interaction between the physical parameters of the trget end INnIEGULAR. INHOMOGENIOUS TERRAIN
the electrical parameterS of the radiometer. Author A. H. Ott I A4.GARD Electromagnetic Wave Propagation Involving

hrr..gular Surfaces and Inhomogerneous Media Feb. 1975 6 p
refs (For availablilly see N75-22045 ".3-70)

A numerically feasible way to calculate the field strength of
N711-2201117 Colorado Univ., Bouldei. Cooperative Inst. for. a radio wave propagating over realistic. smoothly varying,R rhnEhoshoonou terrain h been developed. The terrain may be

REVIEW OF GROUND WAVE PROPAGATION OVER s~precentito by a completely ertltrr y profile in terms of the
MON-UNIFORM SURFACE elevation versis distance. end the conductivity and dielectric
Jenmes R. Wait In AGARD Elect romagnatic Wave Pr'opagation constant may c~hanlye c.-ntinuousli elr•;,g the path One of the
Involving Irregular Surfaces end Inhomognous Media Feb. features of ilia surface waive thti hem been predicted by the
1975 20 p rnfe (For availability see N75.22045 13-70) ;rumerical soiuticin is a strong focusing phenomenon on lit portions

A consolidated review of recent analytical studies of of concave hills. This focusing phenomenon can also be explained
electromagnetic waves propagating over inhumogeneous surfaces in terms of Foci currents for concave surfaces. An example is
Is presented. Emphasis Is on smooth boundaries that can be given where the Fock currents on an equivalent parabola are
characterized by a local surface impedance. A general integral used to predict the focusing on the lit side of a Gauseian hill.
equation formulation is developed for this situation. A number The numerical solution is then applied to a practical engineering
of special ca*se are then considered and various morthoda of problem; showing the effect of terrain features on the efficiency
solution are described. VArlous concrete,. practical oxamples are of HF antennas for launching and receiving surface waves over
presented, particularly with regalrd to effects that occur at the so@. It is shown that, In general, placing the antennc at the
coistlines, Extensions to certaln types of terrain features are top of the hill may be less efficient than placing it at the coastline,
also treated using the dlosely eelated mode matching method, but placing It halfway up the hill may be more efficient than at
Some controversial aspricts of very recent work on the subject either the hilltop or tihe coastline. Author
are delsribed, Author

N75.22071 Shape Air Defense Tguhnical Center, The Hague
N75.22064 Army Cold Regions Research and Engineering Lab., (Netherlands). Communications Div.
Hanover, N.H. GROUND-LOSS PROFILE ALONG A MULTI-SECTION PATH
SURFACE IMPEDANCE OF RADIO GROUNDWAYES OVER OF A SKY WAVE
STRATIFIED EARTH J. C. Arnbak In AGARD Eloctromagnetic Wave Progragtiton
P. Hoekstrs, A. Delaney, and P. Sallmann In AGARD Electromag. involving Irregultv Surfaces and Inhomogeneous Media Feb.
noric Wave Propagation Involving Irregular Surfsces and 1975 10 p refs (For availability see N75.22045 13-70)
Inhomogeneous Media Feb. 1976 8 p refs (For availability Foi medium. and hIgh.frequency waves radiated by groutnd-"aee N75.622045 13-70) baoed antennae at low gracing angles, the far field is highly

Grouiod and airborne tecoliques to obtain subsurface dependent on properties of the ground along the path of
information, for geotechnical objer.,dvss. by measuring the surface propagation. Notably, the conductivity and ground Irregularity
impeclance of redlownaves have been developed. The frequency Inside the first Fresnel zone, which typically extends to about
range covered In theme measureinents is from 14.7 Khx (VLFI one hundred wavelengths in the direction rrf propagation, affect
to 060 Khc (ICB), Meusurfaritnts in tihs Nurth Aerisca Artlic the strength of the field transmitted to (or received from) distant
have shown that it is common to encounter changes in the points. An engineering method to evaluate the assoclated path
effective reilstivity with frequency from several thousand ohm-m loss of a vertically polarited sky wave in the presence of a
at VLF to a few tenths of ohm-rn at BCB. These changes are plane. uactionally homogeneous ground Is discussed. The influence
caused by a conductive organic layer over highly resistive froten of randomly rough surfaces Is considered. The section model
ground, Also large regional end lobal changes in surface Impedanue allows a profitable combination of standard ground data with a
were observed, In the permafrost regions changes from fast, numerical extension of simple mixed.path theory. Author
5000 ohm-m to 50 ohm-rn at VLF weae found to occur frequently
over distances of about 100 m, Surveys at VLF on tine ground
resolve dilscontinuities in ground conditions over distances of a N71-22073 Institut fuer Physikalitche Woltraumforshung,
few metors. Author Freiburg (West Germany).

ANTENNA IMPEDANCE OF A GROUND-BASED EMITTER
IN THE VERY LOW FREQUENCY DOMAIN

N75-2209 Techhlncal Univ. of Denmark. Lyngby Lab. of R. Grabowski In AGARD Electromagnetic Wave Propagation
Electrommgnetic Theory. Involving Irregular Surfaces end Inhomogeneous Media Feb.
PROPAGATION OVER PASSIVE AND ACTIVE NONUNI. 1975 17 p afee (For availability see N75-22045 13-70)
FORM SURFACE IMPEDANCE PLANES The artiflicll emission of signals with frequencies below
R. J. King and S. H. Cho (Wiscons -n Univ.) In AGARD 10 kHz and the application of the signals to geophysical research
Electromagnetic Wave Propagation Involving Irregular Surfaces are discussed. The design of an antenna for the emission below
end Inhomoganeous Media Feb. 1975 16 p refs (For availability 10 kHz with sufficient radiation power Is investigated, The antenna
see N75-22045 13-701 impedance with respect to the Interaction with the ground Is
(Grant NSF GK-21218) analyzed. Mathematical models ire developed to describe the

Electromagnetic wave propagation over and radiation from characteristics of an optimum antenna for the low frequency
nonuniform turface impedance planes are studied by numerical emission characteristics. Author
methods using the integral formulation of the compensetlon
theorem. The source Is a horixontal magnetic line current and
the surface impedance is assumed to only vary in the direction N75-22073 Admiralty Surface Weapons Establishment,
of propagation and have a magnitude lose than the Intrinsic admp
Impedance of free space, Otherwise it Is unrestricted. It Is shown Portsmouth (England).
how the Sommerfeld attenuation function for propagation over ANTENNA AND CONDUCTING SCREEN ON A LOSIY
a nmlform surface can be used to pliecowlse explain and predict GROUND
the general behavior of a wave propagating over a nonuniform J.IF. Goodl y In Ag ARD ElectromSure a hgeneou PropdiagFteon
surface. It is used to determine Impedances which support f1st Involving Irreagul Sr fvaic and Inhomogten oue Media Feb.
or slow, and growing or decaying traveling waves. This gives 197T 17 p rbem (For averlablitcal soa N75-22045 13o70)
general guidelines for manipulating the complex surface impedance cirulrily onducticrl on atpoor condctin
to achieve specified radiation characteristics, or alternatively. field giroulnrd highly ondustind scred n lying e n lc rom y fonduothng

to sudymicowae srfaa wve ntenas Byvaringtheprliaohroundhas waeen fuctons.drd By ineteroatingethe outwad powtedistributions on the surface. The integral formulation is then used system Is obtained via a Groean' function expansion in oabateto study microwave surfae wove antennas. By varying th* profilelll aothi viIOenlfnlor x~ao nolt

of the surface reactance magnitude and the entanne length, the flheroidal wwve funfacofs. By integrating the outward powuro
radiation characteristics such as directivity, beam width and side flow over the iUrfaie of the antdnna ind the ophfrth alnten are
lobe level can be optimized. Author at infinity the radiation and lose resistance@ of the antenna eam

obtained, Antenna resistances were obtained experimantally Ia

the H.F. band. Radiation patterns were measured at 3 0Hz (using

a carbon loaded dielectric material to simulate the behavior of017S.-22070 Institute for Telecommunication Sciences, Boulder. soil at 30 MH4) and their areas used to calculate antenna radiationi Aolo, resistances. The results obtained ere applied to the case of an
ANALYOIS OF GROUND WAVai PROPAGATION OVER electrically small untuned receiving monopole feeding directly
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into a transistor amplifier to examine the signal to noise ratio addition to the" spatial evaluations of the phase. temporal
of such a system. It Is concluded that although the use of an variations of the phase over the eastern path were approximately
imperfect ground system can result in a marked reduction in one microsecond. even though syne.hronization accurocla were
radiation resistance for small screen sizes the effuct of the batter than .1 microseconds. Changes in the surface impedance
corrlsponding loat resistance upon the signal to noise ratio Is values as a function time are clearly indicated. Author
not expected to be significant In the H.F band. Author

'N7-22077 Imperial Coil. of Science and Technology, London
N75.22074 Institute for Telecommunication Sciences. Boulder, (Fngland).
Colo. SERVICE AREA PREDICTION IN THE VHF AND UHF
PROPAGATION OF A LORAN PULSE OVER IRREGULAR, BANDS
INHOMOGENEOUS GROUND H. Page In AGARD Electromegnetic Wave Propagation Involving
J. Ralph Johlo" and Samuel Horowitz (AFCRL. Bedford. Masi.) Irregular Surfaces and Inhomogenaous Media Feb. 1975 * 8 p
In AGARD EIectrornagnstic Wrve Propagation Involving IrreguIsr refs (For availability see N75-22045 13-70)
"Surfaces and Inhomogeneous Media Feb. 1975 13 p refs An analysis of the factors which affect the prediction of
(For svailability see N75-22045 13470) terrestrial transmitter performance in vary high frequency and

A numerical solution of an integral equation representation ultrahigh frequency bands is presented. The main features that
of the ground wave over irregular, inhomogensous earth has determine field strength at a particular point are as follows; Il)
been employed to calculate amplitude and phase of th- propagstad terrain Irregularities, (2) terrain features such as buildings and
continuous wave as a function of freatuency. A computer simulation trees, 13) scattering of signals by local obstacles when the antenna
again using numerical methods, transforms this result to the is low, (4) temporal vafiationl, bynd lo 1 multlpath propaention.

time domain yielding the impulse response. Than the Impulse Methods for using these factors in conducting an analysis of
response is convolved with the Loran-C pulse function, that has electromagnetic propagation and Scattering ara proposed.
been transformed from the time domlin to the frequency domain. Author
The propagation of both pulse envelope and the cycles under
the envelope in the presence of irregular, Inhomogeneous ground
is demonstrated, Although the Loran.C pulse propagation has N75-22073 Research Inst. of National Defence. Stockholm
been studied in detail, the method i1 applicable to the propagation (Sweden).
of most any shape pulse over irregular, Inhomogeneous ground. PREDICTION AND CALCULATION OF TRANSMISSION
In the particular case of the Loran-C pulse, the discrepancy or LOSS IN DIFFERENT TYPES OF TERRAIN
time difference between the pulse envelope and cycle is a A. Siomquist and L, Ladell In AGARD Eleotron.;ignotl Wave
unique function of the particular type of terrain over which the Propagatlon Involving Irregular Surfaces and Inhomogeneous
wave propagates, and it Is. at the present state of the art, Media Feb. 1075 17 p rale (For availability see N75-22045
necessary to introduce such terrain into the propagation theory 13.70)
to give a unique prediction of the pulse propagation time. A model for the calculation of transmission los in the VHF

Author and UHF ragions has been developed, It hea been used In service
area predictions In different types of Irregular terrain in Swvden
with much better results than the existing models. The method

N7T.2207E Army Elaectronlos Command, Fort Monmouth, N.J, is very easy to handle and needs no complicated computer
Communicatlons/Autometic Data Processing Lab. technique. It takes proper account of the ground dielectric constant
THE 1EHAVIOUR OF LORAN-C GROUND WA V ES IN and the terrain profile Including vegetation. It Is thus a deterministic
MOUNTAINOUS TERRAIN model giving the long-term median of the basic transmission
Douglas C. Pearce end John W. Walker In AGARD Electromag. loss. In planning terrestrial radio systems it Is else necessary to
ntlle Wave Propagation Involving Irregular Surfaces and have a knowledge of the variability in time and with location.
Inhomogeneous Media Feb. 1975 g p refs (For availability On that account measurements are presented giving the additional
see N75-22045 13-70) loss for various percentages of time and locations. The best

The behavior of both the horizontal H.componont aid the possible use of the capacity of telecommunication systems is
vertical E-componant of a Loran-C ground wove has been often limited by the depolarization produced by absorption and
measured in the vicinity of an isolated terrain anomaly, Nittany scattering in the terrain. The affect of depolarization is given for
Mountain. near State College, Pennsylvania. Time difference various percentages of locations, Author
measurements were made with Army monpack receivers at 42
sites of good geodetl control in the area, The magnetic component
of the ground wave was sensed with a ferrite array antenna
while the vertical component was sensed with a whip antenna. N76-22079 Polytecthnlc Inst. of New York, Brooklyn. Dept.

Significant local worpagas of the loran grid, apparently associated of Electrical Engineering end Electrophysics.
with the presence of the mountain, were observed with each MIXED-PATH CONSIDERATION$ FOR RADIO-WAVE
antenna configuration. Howevwr, the warpags patterns were not PROPAGATION IN FOREST ENVIRONMENTS
identical for each field component, Implying a somewhat different T. Tomir In AGARI Electromagnetic Wave Propagation Involving
perturbation of each polarization component by the terrain Irregular Surfaces and Inhomogenoous Media Feb. 1975 11 p
snomaly. These results suggest that a field calibration of a loran refs Sponsored in part by ECOM and Army Land Warfare Lab.
grid in a region of a terrain anomaly will depend somewhat on (For availability see N75-22045 13-701
the antenna type used. Author The propagation of radio waves Is examined for communica.

tion paths that may lie partly within a forest and partly in the
air region outside the vegetation, For this purpose, the geometry
of a mixed path Involving a forest layer adjacent to a bare-ground

N75-22076 Institute for Telecommunication Sciences, Boulder, area is shown to exhibit four charocteristic regimes. If, for example,
Colo. the transrnittinf antenna Is Inside the forest, these ragimes
SPATIAL AND TEMPORAL ELECTRICAL PROPERTIES correspond to the receiving antenna being locsted in one of the
DERIVED FROM LP PULSE GROUND WAVE PROPAGATION following regions: (1) inside the forest; W21 above the trea tops;
MEASUREMENTS (3) at a relatively high altitude above the bare-ground region: or
Robert H. Doherty In AGARD Electromagnetic Wave Propagation (41 at a relatively low height above the bare-ground region.
Involving Irregular Surfaces and Inhomogeneous Media Feb. Depending on frequency, on diatancas, and on which one of the
1975 17 p refa (For availability see N75-22045 13-70) four regimes is involved. the predominant field along the mixed

Low frequency ground wave phnae measurements made on path may be a refracted wave or a lateral wave, By finding the
two loran 1100 kHz pulsa transmissionl) paths have been anslyzed conrditiona that determine which on@ of thes waves is pro.
for spatial variations. One Loran-O path In Nevada and California dominant, it is poscibls to establish path losses in practically
passes over Death Valley producing a so called Death Valley any regions Involving reasonably flat ground contours. The
Anomaly. The other 1000 km Loran-C baseline path between frequency range of lppl~cation for these considerations extends
Carolina Beach. N. C, and Dona, Indians was measured in detail well into the VHF region. Author
during the spring of 1970. Four locations in addition to the
transmilter locations were monitored, one near Caroline Beach
(the mslter), one just east nf the Appalachian Mountains, one N75-22080 Shapes Air Defense Technical Center, The Hague
just west of the Appalachian Mountains and one near Dana, (Netherlends).
Indiana Uthe Z slave station), Effective surface Impedance values INFL.UENCE OF TOPCGRAPHY AND ATMOSPHERIC
were deduced for each segment of the propagation path. in REFRACTION IN UHF GROUND-AIR COMMUNICATIONS
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A. N. Inca and H. P. Williams In AGARD Electromagnetia.
Wave Propagation Involving Irregular Surfaces arrd In.
homogeneous Media Feb, 1975 21 p refs (For availability
aee N75-22045 13-70)

The results nf field strength measurements in UHF ground-sir
communication using four different ground terminals are presented.
The local conditions at the ground terminals varied considerably:
in one case the site was flat and clear over a distance of 2 km.
In another the site wan the highest In the district, a third site
had nearby buildings, while the fourth site had marked local
undulations and a nearby valley. In ill four cases the field strength
at the optical horizon was very aloes to the theoretical value
"for a smooth earth. The field strength at this point was virtually
unaffected by the local ground conditions. Using this fact, and
taking into account the statislics of atmoepherio refraction It is
possible to predict the reliability of UHF ground-to-air communica.
lion for high-flying alrorah. Author

N76-220e1 Air Force Avionics Lab., Wright-Patterson AFP,
Ohio,
FLIGHT TEST REIULTS OF PROPAGATION EXPERIMENTS
THROUGH INHOMOGINUOUI MEDIA
Allen L Johnson In AGARD Electromagnetlo Wave Propagation
Involving irregular Surfeces end Inhomogeneoue Media Feb.
1975 7 p (For availability se N75-22045 13-70)

Flight test evaluation of communiolion systems to determine
the effset of the Inhomogensous propagation media on cgm.
munication reliability is discussed. The approach taken has been
to postulate a physical or mathemralicl model and then to collect
date to determine the validity of the hypothesis, Two ielated
areas which have been studied are dueling and radio holes.
Both are caused by sri inversion layer, Ray tracing studies were
done to establish expetitted performance under various atmospheric
conditions, Date wee then gathered on an sir-to-air microwave
system to validate the' model, The test results showed good
correlation between predicted and motual results when out.
ficlently detailed refractive Index Information was available for
the predictions. Two other phenomena Investigated were
Ionospheric scintillation and multlpath fading. In the asse of
ionospheric scintillation the model Is not well defined, end the
test results were used to refine the model. The teat results
from the multipeth fading flight testing showed that for over-water
communications a specular reflection model best defines the
actual results while over-land the diffuse fading componant Is
predominant. Author

N7.-22062 European Space Research Organization, Noordwlkj
(Netherlands).
MULTIPATH IN AN AERONAUTICAL SATIELUTE SYSTEM

H. J. Wuennenbarg In AGARD Electromegnetic Wave
Propagation Involving Irregular Surfaces and Inhomogeneous
Media Feb. 1975 13 p refal iFor vaillability see N75-22045
13.701"The multipath problem as encountered in a civil aeronautical
satellite system Is analyzed, A model for the multipath reflection
is developed and the performance of the communications channels
through the satellite is evaluated. The aeronautioal satellite system
will be used to control air traffic over the Atlantic and Pacific
oceans. Aircraft will fly at a height of 10 to 20 km. Severs
Impairment of the communications performance Is axpected due
to reflection of redlowavas from the surface of the so@ and
Inadequate protection by the aircraft antenna against multipath.
A simple theoretical model for reflectiona from the sea Is
developed. Under the assumption that only very simple coding
schemes can be used to Improve the bit error rate for digitai
"transmissions the application of frequency diveneity, apace
"diversity and time diversity Is discussed, it II shown that frequency
diversity Is more suitable for the link from the satellite to the
aircraft while space diversity can be used for the link from the"aircraft to the satellite. The application of time diversity does
"not reduce the bit error rate by a great amount because of
correlation between consecutive bits. It Is shown that large delays'
between messages ere necesary to make time diversity attractive.
Time diversity would therefore lead to coding by blocks end to
storage requirements. Author
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71 noise in the moving reference frame, was evaluated from cross71ACOUSTICS ctorrelations by Introducing time dilay to the signals doriectad
Includes sound generation. transmission, and attenuation For by spatially separated pairs of microphones The radiated noise
noise pollution see 45 Environmentg Poilution, results aer compared with Lighthilie theory and with the data

of Lush. Radial distributions of the mean velocity were obtained
from measurements of the stagnation temperature, and stagrnation
arnd static pressures with thls rine of probes Author

N74-22640k Advisory Group for Aerospace Research and
Development, Paris (France).
NOISE MECHANISMS
Mar 1974 346 p rats Mostly in ENGLISH. partly in FRENCH N74-22645* National Aeroniauticrs arid Spaen Admirrrlatratcirr
Presented at Fluid Dyn Panel Sirsratrists Meeting. Brussels. Marshali Space Flight Carrter. Hrrrtuviiix. Aia
Belgium. 19-21 Sepý 1973 DIRECT MEASUREMENT OF SOUND SOURCES IN AIR
(AGARD.CP*13t1 Avali NTIS HC S20.25 JETS USING THE CROSSED SEAM CORRELATION

Emphasis of the conference was on thre fundamental problemsnn TECHNIQUe
of noise gonerstinni and atterruation. Main aspects considered R. J. Dremkevaia, F R Grosctja IOFVLR-AVA Goqttingen. W
were noise generation and damping, combustion and lot noise. Germany). and S, H. Guest /it AGARD Noise Machr Mar

i-isonic boom theory, and noise due to boundary and shear layer 1974 16 p refs IFiri availability see. N74-22640 14-02)
effects. For Individual titles. see N74-22641 through N74- (Conitract NASS-2701 11
22670. Properties of density fluctuations were measured in ilire

turbulent regions of a 2.54 cmn air lot, at M -0.7, 1.0 and
1474-22641 Cambridge Univ. (Enigiand). Engineering Lab. 1.94, After calibration lasts, It was found ilhat the absorptiorn of
(THE MECHANICS OF SOUND GENERATED BY TUR- infrared radiation at 4.3 microns by the naturally present
EULINT FLOW8i quantities of carbon-diotide in sir was directly proportionai to
J. E. Efowos Wiillianms Itr AQARD Noise* Mach. Mar. 1974 the air density if a sufficiently wide bendposs (0.00 micronrs)
16 p (For availabilItly sea N74-22640 14-02) wee used, Moreover, regions of the band could be selected that

Emphasis of the conference wýas on aeronautical probiernr adequateiy discriminated against temperature variations The

arising from the field of aircraft noise control. Presentations are croesscorreiation of two such beoms intersecting in the let gave
(21 influence of mean flow structure on the generation end derivationt is presanted relating tIre* local density correlation
propagation of sound: 13) distinctive large eddy structures; 141 function to tirea self and shoar generated noise in the far field of
excess noise: (6i control of iet noise, and i6i probiem areas the lal The mrieasured correlations are used to predict the axial
likely to become more imrportant The main technical points #risirng distributioni of source strunuflire and thu spectrum of noise due
from the mieeting are outlined and the degree to which they to a unit volume of turbulence. Authior
appear to be currently understood Is assessed. Several technical ?224 eliieFotcug ndVschnta Jtareas on which there was no clear concerraus are covered IinN42 5 uriheFrcng.udVruhartatfr
some detail and some spsculation is made on the way they Lull- rjrd Rauinfchirt. Goatingariii (West Germany).
might develop. Author DISTRIBUTIONS OF BOUND SOURCE INTENSITIES IN

SUBSONIC AND SUPERSONIC JETS
F. R. Grouche Ir AGARD Noise Maclh Mar 1974 10 p

N74-22642 Cambridge Utniv (England). Dept. of Engineering, rats (For availability seo N74-22640 14-02)
IMPULSIVE SOURCES OF AERODYNAMIC SOUND Cuso h niiyo eoyoncnw hoiscnb

Joh E.Efoas illams/i AGRD ois Mah Mi 174provided by ciomparisonr of predicted disridbutiontir of soruind suurnie
6 p refs (For avaiability ace N74-22840 '14-02) ititurnsities in tubiuisiri iots with borscrnible rlibutioirs dotermnired

The rapid acceleration of larte bodies causes the local motion directly by sitaible acoustic rrlsesuorternrts. A irrethoci of tracing
to uhad Its kinetic energy into the radiation fieid. A body steadily the strund so-urces from the bound radlintled into tlie scriuutio far
moving in potential flow sheds alt its virtual energy into sournd field was dvuveloiptd The sound waviss emitted by a siriall volume
If It is brought to rest Impulsively. Such rapidly accelerated large of the let aire focused Upon a iricroptione wall outside the flow
scael motions therefore represernt err extremitly efficienit source try iroans of ii large ulliptical mirtror. The distrilbulicrr of sound
of aerodynamic sound. Motiorre of this type are dibcussed with source Intensities is irivustigated by mrovingl the mirror-microphone
a view to explaining the origin of occasional particularly violent assembly along anrl noirrial it) the let axis. Resultsa of nreasure.
pressure trantsients that art observed in the noise filid of high irerits withi subriciric arid sutpersonic lots shrow ri-turoasing details
velocity lets. Author of the noise genernation within these lots Authror

r ~N74-221143 Carrbridge Univ (Ernglarid) Eriginourirril Lrntb

SCRIPT OF THE INTRODUCTORY REVIEW LECTURE CORRELATIONS BETWEEN FAR FIELD ACOUSTIC PRES.
Jlohn E. Efowcp Williamrs hi AGARD Noise Much. Mar 1974 SURE AND FLOW CHARACTERISTICS FOR A SINGLE
24 p (For availability sees N74-22640 14-021 AIRFOIL

The sources of aircraft noise dire to rapid aioculeratiori if M Surryich. Hi Anhney, 0 Robert. J Ilatarill. arid 0 Cornte-ttriiot
large bodies Is discussieud Work bty Lightirili arid oilier irivaslitiators hI AGARD Noui5 Math Mar 1974 12 p rst. FPor uivivatriiity
is reviewed and a discussion is given to explain tilie origin of see N74-220340 14-021
occassional violent pressure transients observed Ili the noise field A NACA fib 1 2 A sub 10 sirfloil. whoas chorid is B rqrr, was
of high veloc~ity lets; A L plarcedl In a unifoirm tlow srrd ducted Itro an sirecliic dhiarrber

with a speed rangrini from 20 to 40 tn/ lIts acoustic far field
wee siralyced it)i rotationr with tirea norrial velocity Ilucluatrons in

N74-22844' Jet Propulsion Lab.- Calif Inst. of tech.. Paaia the wake rand tire pressure fiuctuations on the airfoil surftace.
dome. Cruss-coiutiutiorrs measurements showed that tire iaerodynaumic,
EXPERIMENTAL EVALUATION OF FLUCTUATING DENSITY pratternr close to the trailing odgu. on tire extrsos ~onrtrols tirea
AND RADIATED NOISE FROM A HIGH-.TEMPERATURIE nroisu amiseron Author
JET
P. F. Messier. S. P Parthaxarathl,. and R. F Cutfel Ini AGAFID N 74.22648 Offtice National d'Etudes at dii lR~churclras
Noise Mach. Mar 1974 19 p rats (For availability anne Aerosapsrtioes. Paris (Fiatircel.

- .N74-22840 14-02) REPRESENTATION OF HOT JET TURBULENCE BY MEANS
(Contract NAS7- 1001 OF ITS INFRARED EMISSION

Air experimental investigationi has been conduc~ted io Jesir Franrcois Do~ellitival and Mariarro Peruili 1r; AGAilD Norse
tibarectarlze tire Ileirtuatirig density withirr a hight temperature Mach Maii 1974 10 p) iufs Ini FRENCH, ENGLISH summary
(1100 K)1 subsonic jet slnd to characterice the noise radiated 10 (Far availability ace N74-22640 14-02)
the surroundings Cross ccorrelatiorrs obtained by Introducing time tire thereomtical description of at let atcostoic radiratiori is usually
delay to the signals dletected from spatially separated crosscut dwictibed by charoutaruitic turbalerice (late. defirred at the scale
laser beams set up as a schileren system were used to deleormirre of the total rnrissive voulume These data sic iteducud fronr
radial and axial distributions of the convection velocity (if tire ilt iruoreirrr mcodels or troint measuirereneits makirngl usei of
moving noise sourness edcdiesi In additiorr, the sutocorreoltruri coiteiatrinr technriques These data have irverarti vairrirs in tors

~r of tirea fluctuating density was evaluated Ili the rmoving humse of repitisrrtirrg the whlroispaectrum. After a discussioirun the istunlue
reference of tire eddies Also, the aulocorrulatroir of this radiaited of acoustic orrnituce whinch may ersit Iin a hot let. rirri allta
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recalling the crossed beam techniquas, a representation of a might be regarded as inapplicable. Some possible reasons for
hot let turbulence by maone of crossed spectrail duernties. is the observed differences with theory are briefly discuesed
presented. It is then possible to define at any point of the source Author

,.. volume the characteristic turbulence data by frequency bands,
and thus to know their disperion. Author N74.22052 General Electric Co.. Schenectady, N Y. Mechanical

,iEngineering Lab.* N74-22840 British Columbia Univ., Vancouver. Dept of THE ISSUE OF CONVECTIVE AMPLIFICATION IN JET
MrrMechanlcal Engineering NOISE
NOISE SOURCE DIAGNOSTICS USING CAUSALITY Remrni Man, In AGARD Noise Mach Mar. 1974 12 p
CORRELATIONS rate Sponsored in. part by Air Force (For avalability tee
Thomas E ,lcddon In AGARD Noise Mach. Mar. 1974 13 p N74-22540 14-02)
refs For availabilty Bee N74-22640 t402) Three problems of the sound power and power spectrum
(Grants NRC A71 O6. DfiB.G.9611-03) produced by moving acoustic sources shrouded by iet flows were

Due to the complex mix of noise mechanisms for current nonsidered. The jare were assumed (for simplicityl to be
quieter generatione of aircraft, it hes become more difficult to chareaterlied by a slug flow or top hat type mean velocity profiles.
detect the small changes in overall decibel level which may The sources were aimple harmonic in their own frame of
result from localised design modifications. An increasingly popular reference and were asumld to convict with the some veiocity

diagnostic technique eatabilehas causative reletionships between as the jet. The firsr problem considered the case of a monopole
individual noise source phenomena and the overall (composite) source convecting alorng the axis of a round jet The second
sound radiation. The method uses real-time cross-.correlations problem considared the case of convected line sources in
between the focr field sound presaure and fluctuating physiomi plane or two-dimensional jet. This weo motivated by the need
palremlarers Occurring in, on, elnd iaround the noia generating to understand the effect of off-axis lines of convection. The last
maorhine, The technique is bied on establiaheid aeroacoustir
theory and has risen shown to yield Information on acoustic problem was a variation of the first wherein the let density and
source distributlons, their local spectra, end scales of coherence temperature are allowed to differ from those of the ambient. It

and their use was motivsted by the need to understand the noise from heated
The basic causalitiy formalisms are reviewed n tjets. The studies were all motivated by one notion, namely, thatillustrated by reference to a number of proven espsrimental Lighthillls original Idea of ascribing jet noise to convectad sourcesapplications, It ie shown that by Judicious choice of control surfacies riating fr ee ot ambint n on to alld formea
the methods can be adapted in unique ways to the elucldastion radiating freely to the ambIent needs revision to allow for mean

umber unresolved noise generation and suppression flow shrouding effects. The studies explain uvnrsi experimen.
rphanofmena Exempleg pertaining to anbr, suppresnor noeoles, tally observed features of jet noise such as. a failure to exhibitphnromenati Esples, pan inrigton jets, suppessor anotriles, convective amplification (perticularly at high frequencies and
rotating fen bladesi and flow interaction with leading and trailing shallow angles to the exhaust asis) and associated failure to
Sedges are includrd. Autihor peek frequencies in the power spectrum to shift linearly with jet

velocity. Impliflcstlons for the jet density exponent Issue for heated
lets were also considered, The study may be regarded as moving"N74.226WI' California Univ Los Angeles School of Engineering sources solutions to the Phillips equation for jlt noise with a

'rand Appied Science specific velocity profile, narmeily the top hat profile. The advantage
Y. USE OF CROSS-CORRELATION MEASUREMENTS TO of choice of a simple velocity profile is to obtain solution valid

INVESTIGATE NOISE GENERATING REGIONS OF A REAL for arbitrary frequencies. Author
JET ENGINE AND A MODEL JET
W C Meuriham and P M. Htirdle In AGARD Noise Mechi
Mar. 1D74 13 p refs Sponsored by NASA (Forr availabillty
see N74,22640 14-02) N74-226S3 Southampton Univ. (England) Inst. of Sound and
CSCL 20A Vibration Research.

Cioss-correlations are reported of the let static presurie THE NOISE FROM SHOCK WAVES IN SUPERSONIC
fluctuations (as measured with a I and K microphone fitted JETS
with a nose cone), with the far-field radiated sound pressure, M, Harper..Bournia and M. J. Fisher hr AGARD Noise Mech.
These measurement, we'o mode for various probe positions and Mar. 1974 13 p refs lFor availability see N74-22640 14-02)
a large number of far-field positions (lt various anglesl. In addition, A thaoretical model is proposed for the prediction of the
the tests were run for a number of different jet exit velocities, characteristics of broadband shook associated noise from jets
The f nessured, normalized croes-correlation functions vaiy operated above the critical pressure ratio The model regards
between 0.004 and 0. 155. These values depend upon the angular each shock cell end as a source of acoustic radiation with relative
position of the far-flield microphone. the jet exit Mach rumber, phasing set by the time of eddy convection between then. This
and the position of the probe. In addition, the croes-correltion leads to a prediction for the peak frequency of this noise

I, technique was employed to study the symmetry of the far-field component as a function of both pressure ratio and angle of
radiated sound about the let exis. Third-octave snalyses of both observation which Is amply confirmed by experimental results.
the probe signal and the for-field radiated sound were made. The model is ilit) extended to the prediction of the spectrum
This is the first time correlation measurements have been made of shock associated noise and these predictions are also compared
on a jet angina. In addition, a report is given on an extensive with experimental data. It is also shown that the intensity of
noise survey of a model let The correlations are related to shook noise Is ea function only of pressure ratio, and is independent
sound source functions and jet source regions are discussed, of jet stagnation temperature xnd hence Jet efflux velocity.

f Author Author

N74-22S51 Royal Aircraft Establishment, Farnborough (England).
Aerodynamics Dept.
SOME EXPERIMENTAL OBIERVATIONS OF THE REFRAC, N74-22654 Southampton Univ. (England). Inst. of Sound and
TION OF SOUND BY ROTATING FLOW Vibration Research.
G. D. Butler. T. A. Holbeche. and P. Fethney In AGARD Noise NOISE FROM HOT JETS
Mech. Mar 1974 10 p refs (For availability see N74.22840 P. A. Lush and M. J. Fisher In AGARD Noise Mech. Mar.
14-02) 11974 8 p refs (For vaillbility see N74-22640 14-02)

Somell experimentl4 and theoretical studies of the interaction Measurements of the noise from several independent workers
of sound with a rotating flow field in the form of an aerodynamic of hot subsonic lets show that the noise decreases relative to
vortex are described. The experiments were carried out in the the unheated jot at high jet velocity but increases at low velocity.
acoustically.-reated working-section of the RAE 24-foot diameter The decrease at high velocity has previously been explained by
open-Jet wind tunnel. Vortices were generated by setting a the reduction In the jet density for the hot jet and this
sharp-edged wing at incidence in the tunnel airstream and the explenation is confirmed by the present study. The Increase in
effect of the vortex flow downstream of the wing trailling-edge noise at low velocity is attributed to an additional source caused
on the noise propagating from a small loudspeaker source was by entropy fluctuations which varies as U4 compared with US
Investigated over a range of frequencies and wind speeds. for the usual mixing noise. A simple theoreiical model using
Considerable refractive redistribution of the sound energy by the Lighthill's theory of aerodynamic sound Is proposed and this
vortex flow occurred, leading to far field regions of markedly gives very good agreement with the experimental results, but
decreased end increesed sound Intenaity. Qualitatively, these the theoretical model cannot be justified rigorously. However It
effects are consistent with the predictions of ray theory, although could provide a satisfactory method for prediction of the noise
the interaction persisted down to frequencies where ray theory from hot iets and a basis for the collapse of data. Author
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N74-22665 Southampton Univ (England) Dept of Aeronautics subtracting this pressure wave from the steady state pressure
and Astronautics field. An illustrative example for a mean flow Mach number of
ON THE NOISE FROM JETS 1.0005 is considered This gives a steady state overpressure of
G M Lliley In AGARD Noise Much Mar 1974 12 p refe 2.45 Ib/ft eq across the shock which is typical of the overpres.
(For avaiiability see N74-22640 14-02) sure In a sonic boom. Author

A modification of Lightnill's theory is discussed in which
pressure dlstLirbances in the let ate treated as an inner flow N74-22650 Max-Ptleick-lnstitut fuer Sttoemur'gsforschung,
problenm which is matched to the outer flow tadlation problem. Goettingen (West Germany).
In this treatment thi source function irvolves quadratic and higher IONIC BOOM BEHAVIOR NEAR A CAUSTIC
oider small disturbance terms. This approach, although more Frank Obermeter hr AGARD Noise Mach Mar. 1974 14 p
complicated rnalhIemtiually than rilh exact theory of Lighthili. refs (For availability sac N74.22840 14-02)
Ito% the advanligo thrt it drawN tliroltlori directly to the role The pressue signature is analyzed of an ideal N-shaped
played Ly the 'mean velocity arnd lrmperature ditributions on ionic boom caused by en accelerated projectile Its signature in
the generation aind propagation of thie omitted sound. The model the surroundings of the so-called caustic and behind the caustic
in Its simplest form can be reduced to a vortex sheet model Is discribed by the equations of linear wave acoustics. The
and thus draws attention to the stability characteristics of the calculatlons are performed for a special case where the
vortex sheet. In the more general treatment the stability acceleration phase Is chosen in such a way that the corresponding
charlaterlstlo of the mixing region are considered end Its least Mach-cone, modified by the acceleration, is composed of a
stable modes rao regarded me dominating the large-scale eddy truncated cone, the lower part of which has a circle like curved
motion. The linear stability theory Is extended to deal with non surface and the upper part Is ordinary straight cone. The proposed
llnearlties and, As a result, the amplitude of the larger-scale theory yieids results which are in good agreement with measure,
motion is determined. This 1 compared with the measured ments. Author
large-scale structure of the jet. From this model the main
characterisltlcs of the source function are found, The paper N74.22860 Insltitut Franco.Allernand do Racherohes,. St. Louis
concludes with some results from this new formulation end a (France).
comparison Is made with experimental findings. Author INFLUENCE OP METEOROLOGICAL CONDITIONS ON THE

POSITION OF THE GROUND COVERED BY IONIC BOOMS
N74.-2166 Imperial Coll. of Science and Technology, London (INFLUENCE OR$ CONDITIONS MITIOROLOGIOUES $UR
(England). Dept, of Mathematics. LA POSITION AU SOL OU TAPIS Of MANG]
MECHANISMS OP EXCESS JET NOISE M. Schaffer and C Thery In AGARD Noise Mach. Mar.
D. G. Crlghton In AGARD Noise Mach. Mar. 1974 7 p 1974 12 p refs In FRENCH lFor availability see N74.22640
refe (For availability see N74-22640 14.02) 14.02)

Excess noaie is a term used to describe the deviations of Numerical methods and theories used to study sonic boo:.-
measured noise fields from the predictions of Lighthill'e theory propagation in the real atmosphere ate discussed. Special attention
of pure jet mixing noise. A definition is given for the current was given to the offect of meteorological conditions on lateral
stail of theoretical understanding of those excess noise fields and longitudinal extension and the location of the ground focus
which are not directly attributable to rotating machinery, or to line. Trenl. by E.H.W.
shook waves in supersonic jets. It is shown that unsteady flow
Interaction with the let pipe can generate Intense forward arc N74.-2361 Societe Nationale d'ltude at de Construction do
and sidellne noise levels, while abnnrmally high rear arc levels Moteurs d'Avistion. Paris (France),
are suggested to arise from the propagation of genuine sound RECENT STUDIES INTO CONCORDE NOISE REDUCTION
fields euross the exit plans, with associated refraction sind R. Hoch end R. Hawkins (Rolls Royce. Ltd., Bristol, Engl.} In
diffraction offsets. A further process, not yet properly quantified, AGARD Noise Mach. Mar. 1974 14 p rtfa Prepared in
Is related to the Instability of a (fully turbulent) jet to certain cooperation with Rolls Royce, Ltd., Bristol, Engl. (For availability
preferred large scale disturbances, and leads to a mechanism iee N74-22640 14-02)
(parametric amplification) by which internal sound fields may be Recent research Is summarized which was conducted over
greatly augmented in aeither the rear or forward orce. Author the post two years as part of a continuing noise reduction

program on the Concorde powerplant. The studits were aimed
at: (1) improving knowledge of certain noise sources of the

N74.22657 Gottingen Univ. lWest Germany). Physikallsohls Olympus 693 turbojet engine and (2) evaluating potential means
Inst for noise reduction either at source by elteration to the various
EXPERIMENTS CONCERNING THE FLOW DEPENDENT engiie components, or by addition of attenuating devices. Some

i ACOUSTIC PROPERTIES OF PERFORATED PLATES of the results of the studies have been applied to the powerplant
Juergen Kompenhens and Dirk Ronneberger In AGARD Noise design standard Intended for entry into service, others are
Mech. Mar. 1974 6 p refs (For availability sea N74-22640 mentioned only for their tachrrlosl or didactic interest. and others
14.02) after engineering avaluation, may lead to acoustic Improvements

The results are presented of investigations of ths influence to the Concorde powerplant after entry into servioe. Author
of grazing flow on the Impedance of a single orifice serving as
a simplified model of a perforated plate. At small flow velocities N74-22012 Technlncht Hogesuhool, Eindhoven (Netherlands).
the impedance -urve plotted in the complex plane passes through Fluid Mechanios Lab.
a spiral. For Iogher flow velocities the resistive part of the AEROSONIC GAMES WITH THE AID OF CONTROL
impedance Increases linearly with the flow velocity whereas the ELEMENTS AND EXTERNALLY GENERATED PULISS
reactive part decreases. A relation between the impedance end L. J. Polderveart, A. P. J. Wljnands, and L. B-onkhorst Ir AGARD
the static flow resistance can be established. Possible nonlinear Noise Mach. Mar. 1974 4 p ret, (For availability oee N74.22640
properties of the orifice are discussed. Author 14.02)

Experiments were conducted which Indicate that with the
N74-22668 National Aeronautical Establishment, Ottawa aid of control elements. it Is possible to generate the following
(Ontario), modes of vibration of a 2-dimensional sonic let (1) tero mode;
A DETERMINISTIC MODEL OF SONIC BOOM PROPAGA- (2) oscillatory mode, natural and forced; (3) pulsatory mode;
TION THROUGH A TURBULENT ATMOSPHEREi end (4) coupled pulsitory-oscilletory mode. The experiments
a. H. K. Lao and H. S. Ribner /it AGARD Noise Mach. Mar. alIo demonstrated that with the aid of externally generated pulses.
1974 13 p kofe Prepared in cooperation with Toronto Univ. it is possible to show how the information, nest ths nozzle tip.
Ontario (For availability see N74.22540 14.02) Is transferred from the pulse into the jet The nozzle tip as a

The propagation of a weak normal shock wave through a discontinuity proves to be a dominant factor in the interaction
turbulent atmosphere is studied in terms of an ideallzed model, process of tire pule* with the boundary layer snd with the let.
The turbulent field is assumed to be weak end represented by Author
the superposition of two inclined shoor woven of opposite
inclination to the mean flow. The resulting flow it of a cellular N74-22663 University of Southern Calif., Los Angeles. Dept.
nature. The calls are rectangular In ships end the sense of of Aerospace Engineering.
rotation of the flow alternates from cell to cell. if the angles ON THE GENERATION OF JET NOISE
made by thi nernial of the incldsnt shear waves with the direction J. Laufer. R. E. Kaplan, and W T Chu hr AGARD Noise
of the mean flow are greater than some critical value an Mech Mar 1974 8 p refs (For availability &so N74-22040
exponentially decaying pressure wave is generated behind the 14-02)
shock Spiked or rounded waveforms are obtained by adding or (Grant DOT-OS-0O0O2)
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It is proposed that the rate of subharmonic production, that types of aircraft are considered. The types of aircraft Include:
is. the rate at which large scala vortex-ring like structural lnterlct 01) fixed wing aircraft, (2) V-STOL aircraft. (3) rotating wing
with each other, is the primary mechanism responsible for molt aircraft. and (4) air cushion vehicles In addition, various measures
of the noise generation of a subsonic let The interaction for conservation and protection of hearing are propoaad DL.O.
consists of simultaneous acceleration and deceleration of voflicity
containing coherently moving regions followed by a pairing
process. This picture is consistlnt with Lighthill's quadrupole
like sources. as well as with the formulation of Powell's vortex N74.22g616 National Aeronautics and Space Administration.
sound theory. It is suggested that more direct experiments are Langley Research Center. Langley Station, Va.
necessary to examine the validity of the above proposition. CURRENT STRUCTURAL VIBRATION PROBLIEMS ABSOCI.

Author ATEO WITH NOISE
John S. MIxson In AGARO Noise Mech. Mar 1974 16 p

N74.22664 Naval Ship Research and Development Center. refs (For availability see N74.221540 14.02)

Wsahlngton. D C. Hydroacoustlc Branch. As the performance of aerospace vehicles has increased,
AN EXPERIMENTAL STUDY OF THE INTERMITTENT WALL the noise generated by the propulsion system and by the pasage
PRIESURE EURITS DURING NATURAL TRANSITION OF of (he vehicle through the air has also Increased. Further Increases
A LAMINAR SOUNDARY LAYER in performance are now underway for apace vehicles such as
Fred C. DeMetx and Mario J. Casarlla in AGARD Noise the space shuttle vehicle and for short distance takeoff and
Mech. Mar 1974 111 p refs (For availability sea N74.22840 landing (STOL) aircaft, and are being planned for auperlonic
14-02) aircraft. The flight profiles and design features of these high.

The properties of the intermittent wall pressure field wets performance vehicles are reviewed and an estimate made of
measured In the transition boundary layer on a large flat plate selected noise.induced structural vibration problems, Considers-
in an anechoic wind tunnel. Natural transition was achieved with tions for the prevention of acoustic fatigue, noise trananmiesion,
a mild favorable pressure gradient at Reynolds numbers, based and electronic instrument mailfunction are discusaed, Author
on downstream distance from the plate's leading edge, in excess
of 7 million. Thi developmenrt of the laminair boundary layer N742111411 Deutsche Forsehungs- und Varsuchsenstelt user
prior to transition was in agreement with numerical solutions to Luft- und Rsumfohrt. Berlin (West Gerniry), Inst. luer
the laminar boundary isyer equations and with stability criteria Turboilensforachung,
for pressure gradient effects. The temporal, spatial, and spectrai RESOLUTION OF TURBULENT JET PRESSURE INTO
properties of the transition wall pressure field associated with AZIMU'HAL COMPONENTS
the natural transition process occurring on the plate era H. V. Fuchs In AeARD Noise Mech. Mar. 1974 I0 p raft
obtained as a function of the Intermittency foator, and compared (For availability see N74.22540 14.02)

with those of the fully turbulent pressure field. Specifically, the The results are presented of experiments conducted to analyze
meansquare pressure, spectral densities, convection velocities, the turbulent pressure field with respect to the jet noise problem
distributions of burst periods and burst rates of the intermltteint The experimtnts deal specifically with the turbulent pressure
pressure field am computed from the date. Author field in a fixed plane normal to the jet axle. The findings Indicate

that at low Math numbers, cunwlidarable turbulent energy is stored
TecN74-226 Tohnische Hochothul, Aachen (West Germany). In Iowei order azimuthal components and, in particular, in the

Aerodynamischas Insi. large scale coherent axlaymmetric type of fluctuation, D.L.G,
ON THE INTERACTION BETWEEN A SHOCK WAVE AND
A VORTEX FIELD
A. Naumann and E. Herntinns In AGARD Noise Mech. Mar. N74.22670 London. Univ, (Englatd). Dept. of Aeronautical
1974 10 p refs (For availability sea N74.22a40 14-02) Engineering.

In a double side shock tube, the flow pattern produced by SOME EXPERIMENTAL RESULTS ON EXCESS NOISE
the interaction of a weak shook wave with a vortex field was
observed by means of Mach.Zehnder Interferograms; the vortex A. D, Young In A4ARD Nolse Mech. Mar. 1974 5 p refs
circulation end the presaure ratio of the shock were varied, An (For vaillability see N74.22840 14.02)
evaluation of the interferograms givae the time dependent density Compressed air was ducted from a 12 in. diameter pipe
flelds The deformation of the interacting shock leads to a into a plenum chamber 24 in. diameter and 4 ft long, This was
discontinuity in slope of its front and to the formation of a followed by a contraction leading to a nozzle from which the

'scondary wave from the sharp bending point. With the air emerged into the atmosphere In an anschoic chamber as a
assumption of linrar superposition, the flow pattern Is in very lot. The plenum chamber contained a honeycomb and gauxe to
good agreement between the theoretical and experimentsl help reduce the flow turbulence. The resulting jets were very
results Author steady and with low turbulence levels. Noias measurements were

made at a distance of 6 feat from the nozzle exit. In addition
N74.22100 Max-Planckinstitut fuer Stroamungslorechiing. to the measurements on the basic lets, various modifications
Goattingen (West Germany). ware Introduced upstream of the nozzle exit to produce various
INVISTIGATION OF THE INSTANTANEOUS STRUCTURE intensities and scales of turbulence, and the consequent effects
OF THE WALL PRESSURE UNDER A TURBULENT BOUND. on the noise characteristics were measured. The results are given
ARY LAYER FLOW and their significance Is discussed. Author
R. Emmerling, 0. E. A. Maier, and A. Dinkalacker In AGARD
Noise Mach. Mar. 1974 12 p refs (For evaillab;ity see
N74.22640 14-02)

An optical method was used to Investigate the instenteneou-
structure of the wall pressure under a turbulent boundary layer
flow in air. The optical apparatus consisted basically of a
Michelson-Intetfsromater, One mirror of the interfeaometor was
replaced by a reflecting flexible wall, which was also part of
the wall bounding the flow being Investigated. The turbulent
wall pressure fluctuations cause the flexible wall to be displaced
by several light wave-lengths, The instantaneously occurring fringe
patterns were recorded with a high-speed film camier. The well
aras observed was 48 mm x 29 mm, end the flow velocity
outside the boundary layer was 8.5 m/sec. The optical method
used made it possible to determine the instantaneous valuos of
the wall pressure distribution, the conveolion velocity and the
wvail pressure gradient. Author

N74-22667 Royal Air Force Central Medical Establilshment,
' London (England).

S11OME AEROMIDICAL ASPECTS OF NOISE
P. F. King In AGARO Noise Mech. Mar. 1974 , ) refs
(For availability see N74-22640 14.02)

The different problems and patterns of noise reltedr InI various
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74 OPTICS dioerra pictorial display (7) electroluminelient matrix panel
pictorial display. and (8) liquid crys=tal matrix pictorial display

Includes light phenomena Author

N71110770 Plessey Rader Ltd., Havant (Engliand). Plscsey
N76-10774# Advisory Group for Aerospsee Rnsvsrch and Radar Research Centre,
Development, Parts (France) OPTICAL WAVEGUIDE DATA TRANSMISSION FOR
OPTO-ELECTRONICS AVIONICS
Sep. 1974 143 p raft In ENGLISH and FRENCH David A Kahn In AGARD Opto-Electronlcs Sep. 1874 22 p
(AGARD.LS.71) Avail NTIS HCS575 refs (For availability see N75-10774 01-74)

A study was conducted of the statecofrthe-aii of electro- Optical communications and waveguide communications with
optic developments applied to the avionics field of research and special reference to optical frequenciss are considered. A review
developnment A ievicw of optics including fiber optical techniques of optical waveguides with emphasis on materlals, structures
and their exploitation in the avionics field for transmission of drive circuits, photodiodes and avalanche diodes, low noise
information is presented. The capabilities of aircraft using amplification, and the wnveguide/terminal interface in presented.
television, low light television, infrared, lasers, and optical methods Transmitting and receiving terminals era described to include
to sense and display information ate analyzed. System designs examinations of lasers, light emitting diodes, drive circuits,
end problems encountered in applying the sensors are discuased. photodiodee and avalanche diodes, low noise amplification, and
For individual titles, see N76-10775 through N75-10794. the wavegulde/ttrminai interface, Various system engineering

aspecte ara examined to include powering arrangements.
1N17-10771 Ministry of Dfelnce. London (England). cableform. and multiplexing techniques. Author
THE IMPACT OF OPTO-ILICTRONIC8 UPON AVIONICS

FSN7-107S0 Smiths Industries Ltd.. Biehops Cleve (England).F. 8 Stringer In AGARD OpfoElectrons Sop. 1974 2 p Aviation Div.(For availability see N75-10774 01-74) HEAD-UP DISPLAY OPTICSThe military applications of electro-optictil equipment are R, A. Choriy /n AGARO Opto.Electronics Sep. 1974 1S p
discussed. Emphasis is plced on systems design of sensors (For availability Inee= N78-10774 01,747
aend display devices. Specific applications of electro-optic The factors which influence the definition of the optical
techniques for air navigation, target acquisition, and weepon system for a Head.Up Display are defined. The conflicting
aiming are examined. The advantages of head-up displays are requirements for wide fields of view and compact, easily installed
compared with those of head-down displays. rhe subjects of hardware are discussed (with relation to both refractive and
fiber optics, optical design, and imaging system techniques are reflective optical systems) together with various aspifts of opticel
presented. Author performance which influence the overall displey system perform-

once. The primary reason for installing a HUD system in a militaryN1S.11617 Royal Radar Establishment, Malvern (England). aircraft is the improved weapon-aiming capablilty it can provide.
LASIR SOURCIE From this point of view the HUD can be looked upon asI
P. A. Forrester In AGARD Opto.Electronics Sep. 1974 9 p sophisticated descendent of the various forms of optical gunsight
refs (For availability see N75.10774 01.74) which have been in service for a quarter of a century or more.

The basic physics common to all the different types of laser Thus the most basic requirement for a military HUD system Is
is discussed to include stimulated and spontaneous eisrsion, that it should provide the information needed for weapon aiming,
population Inverslon, and resonator modes. Methods of controlling and this means that i1 must provide en aiming symbology display,
the time variation of the output power by the techniques of focussed nominally at infinity, so that the pilot can correlate
0-switching, cavity dumping, and mode looking are described, and utilize the display and the outside world information

-' The properties of some of the currently available laser devices, simultaneously. Author
based on optically-pumped solids, gaseous discharges, and
semiconductor diodes, are analyzed, AuthorS. N7S-10711 Optical Indu:.lries N. V., lDelft (Netherlands),

11N76-10777 Services Elactronics Research Lab., Baldook OPTICS FOR PASSIVE VIEWING DEVICES
(England). J. Beoker In AGARD Opto-Electronics Sep. 1974 7 p refs
INFRARED AND VISIBLE RADIATION DETECTORS FOR (For availability see N76-10774 01-74)
IMAGING AND NON-IMAGING APPLICATIONS The uses of far infrared detoctors for image intensification
B. A. Holeman In AGARD Opto-Electronlcs Sep. 1974 16 p and low light visibility are discus•ed, Specific applications of
reas (For availability see N75-10774 01-74) low light level instruments with electron optical intensification

A general description of a photodetector is presented and of the brightness in astronomy and high speed photography, in
after defining the relevant parameters to describe Its operation, industry for non destructive testing by X-ray Imaging, in the
the limits set by the quantum nature of the radiation input are medical field, and in military situations for passive detection or
outlined. Solometric detectors are reviewed with particular reconnaisscnce at night are described. Non scanning thermal
reference to triglycine sulphate. Photoconductive, photovoltaic and infrared devices and system& scanning in the image space of
photoemissive detection processes are compared before describing the front optics which operate on the long wave infrared spectrum
the wide range of single element detectors utlilsing these effects. are analyzed. Photographs and Illustrations of typical optical
The multieloment technique, as shown in thermal Infrared detectors devices are provided. Author
such as cadmium-mercury telluride and lead-tin tetluride, end In
visible and near Infrared detectors tsing silicon photatsenaitive N76-107•2 Service Technique des Telecommunications do lAir,
integrated circuits, is described, the principles of electron beam Paris (France),
readout are outlined and devices using this technique, such as PRINCIPLE AND REALIZATION or AERONAUTICAL LAR
vidicons, orthiconi end isocons are reviewed. Finally, the state SYSTEMS [PRINCIPE IT RIAURSATION DES SYSTEMES
of the art in an alternative solid state approach, charge coupled LASER IN AERONAUTIOUE)
tionsfer, is discussed. Author Patrie* Mollie and Francois Chsbannes (Lab. Central de I'Armna-

N76-10778 Hughes Aircraft Co.. Culver City, Calif. nisplay ment) In AGARD Opto-Electronlis Sep. 1974 21 p refs In
yst7emsa7. h A tFRENCH; ENGLISH summery (For availability see N75-10774Systelms Lab. .0174)DISPLAY DEVICES AND THEIR USE IN AVIONICS Various typical aeronautical laser systems are described The

KSYST uMSI Afferat of various parameters on the design of leasr systems
SGK. Slocum In AGARD OpNo-Eetronls Sao. 1974 14 p074 anslyzed. Specific applications for range finding, quicdance,,!. (For avaitlabililty son N76.10774 01.741 dtaottiton, surveillasnce, alnd gyroscopes ,,re examined, Diagrams

The factors which affect the selection of a display for Imaging dc, urvi ne , s nd gyrosop are examined. agramssensrs n avonis sstem ar dicussd. he vsua chractriMfer providead to %how the methods of operating in the activo,sensors In theonics o yster ms re discussed. Te svecuil thaoactropish semi-active, and passive modes for target acquisition and remote
tics of the observer and the specific took to be accomplished control. Authorare examired to show the impact on sensor selection. The factors

I effecting the performance of the operator era examined and the
display design requirements are developed. Thn following systems N75-10783 Royal Aircraft Establishment. Fsrnborotigh lEngland).
re3 analyzed: 1) scan converer tubes. (2) digital scan converter, LOW LIGHT TELEVISION SYSTEMS

(3) television frame rate display devices. (4) helmet mounted R. J. Corps In AGARD Opto-Electronics Sep. 1974 12 p
displayt, (S) plusma paerel pictorial display, 16) light emitting refs (For avallabuility see N75-10774 01-74)
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"The component paris which constitute a low light level
television system are described. The advantages and disadvantages
of each unit are analyzed. The characteristics end applications
of five specific television systems are examined. The possibility
of using active illumination with a gated television system is
proposed. Diagrams of the components are provided to show
their construction and operation. The components Include the
following: I[I cascade image intensifier. (2) motion compensated
Intensifier with gating, 031 channel plate intensifier. (4) proximity
diode image Intensifier, end WS) image orihicons Author

N71111-110764 Environmental Research Inst of Michigan. Ann
Arbor. Infrared end Optics Div.
PASSIVE INFRARED SYSTEMS
Donald S. Lowe /n AGARD Opto.Electronics Sep. 1974
15 p rafs lFor availability see N75,10774 01,74)

Blackbody emission and the nature and characteristics of
radiation from targets arid backgrounds are discussed. The affect
of the atmosphere on the detection process is reviewed. The
functions of the components found in optical systems are
described. The radiation transfer front the target through the
atmosphere and the optiual system is developed. Concepts and
principles used In designing various types of sensors are analyied
with emphasis placed on trackers end airborne scanners. Author
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S1 ADMINISTRATION AND MANAGEMENT

81 ADMINISTRATION AND
MANAGEMENT

Includes management planning and research.

N711-1411112 Advisory Group for Aercapnce Research and
Development, Paris lFrancs).
AGARD IIANDIBOOK
Aug. 1974 47 p
IAGARD-llandbook-722.26.OO-ttev) Copyright. Avail, Issuing
Activity

A handbook on the organization and functions of the Advisory
* Group for Aerospace Research and Development (AGARO) Is

presented. The subjects discussed oer: (1) the AGARO mission,
(2) the AGARD staff, (3) the AGARI3 panels, (4) the consultant
and eachargig program, and (5) the AGARO publications. P.NF,

-- IN7111.17g36#IIIII Advisory Group for Aerospace Rtesearch and
Development, Paris (Francs).
MEDICAL OFFICER CAREER MANAGEMENT AND RETEN.
TION IN NATO ARMED FORUMS A WORKING GROUP
REPORT
G. Zlnnomann. ad. Dec. 1975 1107 p refs

* iAGARD.R.535) Avail: NTIS NC $5.50
Thd armed forces of most NATO notion& experience great

difficulty In attracting and retaining young medical officers unless
adoctor draft, national service, or psy-bock for their medical

education maeas a period of active miiitary duty a legal
requirement. Some of the disadvantages inherent In a military
medical career vis-a-vie a civilian practice deter the average young
doctor from choosing a career In military medicine voluntariiy.
Since the ever-present thmat of a doctor shortage conatitute% a
problem of operational significance. Ite Working Group sought
to It) define the factors of c~areer motivation. (2) compare
approaches, metirods, and attempted solutions to the problem

* In participating countries, and (3) offer a eat of recommendations
*designed to alleviate the situation. Author
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82 DOCUMENTATION AND INFORMATION SCIENCE

82 DO UMEN ATIO ANDfields of this science is considered. A new automated on-lIn
terminal oriented storage and Information retrieval system is

INFORMATION SCIENCE discussed on a worldwde International basis. Author
Includes information ttorage and retrieval technology;

micrgrehy;andlibaryscince Fo coputr dcumntaionN74-27461 Rome Air Development Center, Oriffese APE, N.Y.
seeorgopy and lirrCcaia o omputer PrgromunmannStation. FEDERAL INFORMATION SYSTEMS

aser6f ompter rogommng ad SftwreFred S. Dyer In AGARD How to Obtain Inform. in Different
Fields of Sol. and Technol. May 1074 10 p refs lFor availability

N74.19626# Advisory Group, for Aerospace Research arid see, N74-27457 16-341
Development. Paris iFronco). The Federal Technical Information System Is the Pederal
SEMI-AUTOMATIC I NDEXINO: STATE OF THE ART coordinator and distrIbutor ofLU.S. Government sponsored research
iH. Farngmeyer EURtATUM. Isprel Feb. 1974 26 p rats and analytical reports to the general public. Inputting or
(AGAR Dooraphi- 1 7. AGARD-AG -1791 Avail NTIS iIC 54 50 participating with this repository are a number of other Governmenrt

The state of the art of anU111Motometic indexing for irnformnation repositories that are responsible for performing functions parallel
retrieval syvtems is discussud in the following areas. I1l to NTIS for the communities they serve and In somer casies
semiautomatic derivative Indexing, 121 maclrine-alded assignment they also manage the classified/ limited portion* of their respective
lIndexing (including automatic assignment indexing techniques collections. Author
based on previously treated manual or semiautomatic indmxing

a side); and (3) semiautomatic dictionary construction. Somiaotini.
*tcIcaigis divided into conversational and symbiotic Indexinrg N 74-27462 Pittsburgh Univ.. Pa, Knowledge Availability

in order to distinouish between indexing by continuous contact SytHem CnASArEGOAISMIAIN NE
with the computer and Indexing by integration of lire computer TENB EINLDSEIAINCNE
in the indetking process for the purpose of performing certain Edmond Howis In AGARD How to Obtain Inform. In Different
clerical tasks. Author Fields of Sol. and Technol, May 1974 7 p lFor availability see

N74-2746, 16-34)
N7-247# Adior Gop orAropaeResearch and An overview Is presented of the Knowlevidge Availability

Nevelopment Adviso(rya ropc orAeo),c Systems Center and Its role as a National Aeronautics and Spaite
DeeOW mnt TO ri OBANINFRMnATINI DFEET I Administration Regional Dissemination Center. Particular emphasis
HOW TO STIAIND TICNFORMTON IN DIFRN T FUIDELD Is piaced on the marketing, technical analysis, technical operations
OPy S1IEN AN0 p EHOOY ArSEefsUD and engineering consultation functions of the center as they

IAGA11D-.L5191 Avail: NTIS HG 59QO relate to user exploitation of Its mechanized Information
* iThe principles of Information systems are outlined that provide resources. Author

storage, retrieval, and dissemination of technical Information to
scientists. For Individual titles, see N74-27458 through N74.N424 okedGogaC. eita ehia

27464.Information Dept.

I NTERNATIONAL INFORMATION SYSITEMS FOR PHYSICAL
N74-27458 Pittsburgh Univ., Pa. SCIENTISTS
TECHNOLOGISTS ied of Sol. and Technol. May 1974 60 p roes lFor availablity
A. Debons fIn AGARD How to Obtain Inform. In Different see N74-27457 16-34)
Fields of Sci. and Technol. May 1974 7 p refs (For avalaebility The numerous sdi-tech Information sourcee are discussed
see N74-27457 16-34) which provide retrieval service to outsiea users. Description of

Available data resources In several scientific and technological these sources wee made by meanti of a quectionnaire sent to
ereas aera promnoted. Effective use of such data resources depends centers throughout the world. Eased on the response, Information
on some understantling of how Information Is generated, used about these sources Includes their name and address, subject

anid given to othera. Influencres of organismic variables on our fields arrd kind of collection maintained, retrieval systems
ability to acquire and process dota and the direct use of the employed, publications issued, end services supplied. In assessing
resulting information lit$ decision making end problem solving International Information retrieval and transfer, problems of the
are considored. The way certain variables Involved In these information seeker, Industrial and technological conditions among
functions rselte to the use of data bases Is emphasizsed. Author nations, source selection, accessibility, duplication, standardization.

and language barriers as Influences upon information receipt and
N74-27469 Pittsburgh Univ., Pa. utilization tire discussed. A review is given also of cooperativeI
GENERATION, USE. AND TRANSFER OF INFORMATION efforts made by government sponsored world organizations and
Alien Kent lIt AGARD How to Obtain Inform. In Different International profeesional bodies to ameliorate prevailing condi-
Fields@ of Sci. and Technol. May 1 974 7 p refa IFor availability tion&.Auho
seN4-7e 1-4

Thi nformation explosion ties produced en effect that has
not been widely recognized, The Inabililty of Individuals to read N74,27464 Syracuse Univ., N.Y.
all potentially relevant material has changed the nature of ENVIRONMENTAL INFORMATION SYSTEMS
questions asked. Now, questions are asked more frequently that Marto L Dooa /it AGARD How to Obtain Inform. in Different
relate to a problem, with the aspects of the question derived Filids of Sol. and Technol. May 1974 18 p refs (For availability
from the problemri at hand rather than recalled from previous see N74-27457 16-341
contact with specific items of the literature, Information systems Research, acoadmin and popular trends In the envIfronmsntal
have attempted to respond to this change through deeper analysis fields and characteristics of Information users, resources enid
of materials, and coordination of desired aspects of subject matter systems. are explored. The multidisciplinary nature of environmen.
using computers. The need for connection between the terminology ltl information is enelyzed. The following operational definition
of questions posed and the available analytics has become more is used: Ecology provides en Inclusive *rnd consistent structure
critical. More precise control of vocabulary Is needed, leading to for perceyving the world and accounts for the behavior of man
the construction of mechanisms suchr as ithessuri. Author within the world structure. Systems yielding environmental

Information aer categorized as problem centered or discipline
N74-2741,0 Famrbwarke Hoechst A.G.. Frankfurt lWest Germany), orliented. Authtor
INTERNATIONAL MEDICAL INFORMATION SYSTEMS
Gesorg E. Unger In AGARD How to Obtain Inform. In Different N74-32309# Advisory Group for Aerospace Research and
Fields of Sol. and Technol. May 1974 7 p (For availability me Development, Paris illrarcel.
N74-274fi7 16-34) A GUIDE TO THE LAYOUT OP TECHNICAL PUILICA.

The flood of information especially in medioal sciences con lIONIS
with no means. and especially nur with the well known A. H. Holloway Jun 11974 22 p roef
nonvenitional means, be accomplished today. Even the creation iAOARD.AG-17S; AGARDograph-17613 Avail. NTIS HC 64.25
of localized nedical information systems can not cover the Recommendations writ made for the sile. shape, layout and
demands the medical profession Is bringing forward, With the content of terchnictil publicatioos. Notes aer included to help
use of computers new ways are opened. Various methods have thoue responsible for writing, repiroducing and handling these
been developed in order to analyze. organize and evaluate the documents. A select bibliography end some notes for cataloguerts
present voluminous flood of information. Communication between are Included. Relevant etandards are listed in an appendix with
existing printed Information and the medical profession In ali some furthrer notes ont bibliographic references. Author
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N74-34424# Adviscry Group for Aerospace Research and Libraries, Doc and Inform. Centras Mar. 1976 6 p rotes In
Development, Paris (France), FRENCH; ENGLISH summery IFor availability sea N75-23372
GLOSSARY OF DOCUMENTATION TERMS. PART 1; 14.82)
GENERAL TERMB A Governmental committee on scientific policy has undertaken
H, A. Stolk, ad, end A. H. Holloway, ad. Jul. 1974 37 p to promote the optimization of some library and documentation
(AGARD.AG.182,Pt-1: AGARbograph-182-Pt.1) Avail: NTIS activities by networking. Three projects were outlined. Share
HC $5.00 cstaloguinit betwoen scientific librarias (such as the Royal Library

A glossary of scientific and technical terms, arranged in and Universities), union catalog of the same institutions.
alphabotical order, is presented for use as a reference during information retrieval from bibllographlu data bases of international
documentation ectivitiea. A.A.D. interest. Proposais were made for building up a wide notwork

linking documentation centers throughout the country. Author

N76.12847# Advisory Group for Aerospace Rosearch andl
Development. Parlo (Fiance).
AGARD INDEX OF PUBUCATIONI, 1952 - 1970. PART N17.23374 Stetakontoret. Stockholm (Sweden)
II AUTHOR INDEX. PART 41 ADDENDUM TO PART I A DATA NETWORK IN THE DOCUMENTATION AND
J. Foulon, comp. Sep. 1974 66 p LIBRARY AREA
(AGARD-INDEX.52/70) Avail: NTIS HC 54.25 Rolf Andran In AGARD Nati. and Intern. Networks of Ubraries,

An alphabetical listing of all authors whose papers were Doc. and Inform, Control Mar. 1975 5 p (For availability too
documented in the previously published AGARD index of N76-23372 14-82)
Publications 11952-1970 is presented and, lit addition, en The Swedish Agency for Administrative Development. SAFAD,
adderidum containing a listing of the titles of all Individual papers Is developing ait experimental network to be used by different
that were omitted from the basic document Is Included. For education and reeearch Institutes to access Information retrieval
Vol. 1. see N73-209711: for Vol. 2. see N73,20974. Author end library systems located It different places The bailc principle

is that it shall be possible to communicate with several data
N75*-"72T7# Advisor Group for Aerospace Research and bases through one network from one terminal, The network
Development. Peri (Fronoal. contains functions that make it possible to connect different
AGARD INDEX OF PUBLICATIONS, 1971 - 1973 kinds of terminals, e. g. toletype and vatlous CRT terminals. The
Nov. 1974 420 p roft users are primarily the Swedish university libraries and the first
Avail: NTIS HC $10.10 date bass& to be connected ar* the LIBRIS, the MEDLINE and

An Index of publications prepared for the Advisory Group the ESRO SOS data banks. Operatlion was started In spring
for Aerospace Research end Development (AGARD) during the 1974 but before a decision to build out the network is taken,
period 1971 to 11073 is presnlted, The Indexes are based on on ovaluatlor! will be made of system perfornienco before May
the NASA computerized date base and abstracts from the N 1975. Author
10,000 series (STAR) and X70,000 series of documents. The
five Indexes used art as follows: Il) personal author. 12) norporate
source (3) report number. (4) sccession number, and (IS) subject, N75-23376 Defense Documentation Canter. Alexandria, Va.
based on the NASA Thesaurus nomenclature. The 34 NASA LINKING Us/DOD AND OTHER SCIENTIFICITSICHNICAI.
categories are used for document location. Author ON-LINE SYSTEMS

Hubert E. Sauter In AGARD Neti, and Intern. Networks of
N1I.I122S• Advisory Group for AerosPace Resaerch and Libraries, Doc. and Inform. Centres Mar. 1976 13 p rate (For

Development, Parle (Francl). availability see N75-23372 14-821

THE USE OF MICIROFICHES FOR SCIENTIFIC AND Several different types of networks will be examined as
well as work experiences with them. The concept@ arid alternativeTECHNICAL REPORTS. CONSIDERATIONS FOR THE methods for interlinking networks will be described, particularly

SMALL USER the rationale for Interfacing several networks In the future. An
5. J. S. Williamse and A. N. Broadhurst Oct. 1974 27 p refs uln fepce eeistotersac omnt ilb
iAGARD.AG.19S) Avail; NTIS HC 13.75 outline of expected benefits to the research community will be

The report is intended primarily for the smell user concerned given, including suggested actions that might be initiated to
with the use of microfiches for scientific and technical report develop cooperative networks, Author
materiel The small user is considered to be the individual engineer
or projeot worker or, at most, the small company, department
or project team handling microfiches on a modest suale While NIS-23376 Computer Aided Design Centre. Cambridge
emphasis has been placed on the use of miorofiches-their reading, (England).
duplication. print out and storage - some general Information DATA BANKS AND NETWORKS FOR INGINSIERING
was Included on the production of nicrofiohes. The type of DES8IN PURPOSES
microfihe ocontaining 60 or 98 frames used for the reproduction G. C. Freemen In AGAIIU Nall. end Intern. Networks of Libraries,
of Individual reports is considered. Thoes microfliahes are also Doc. and inform Centres Mar. 1975 0 p rele IFor Availability
widely used for reproducing journals and periodicals on an see N75.23372 14.82)
Isnue.by-issue basis. for Individual artlices, monographs or papers Special problems of CAD are discussed and date Indicate
end, lass exclusively, for parts lists and maintenance manuals, that because of the hierarchical nature of integrated design

Author systems the local date base will also be hierarchical In structure.
Communications with other systems vie a computer network

N .7-2•272# Advisory Group for Aerospace Researoh and make It desirable that application programt end date beases hould
Dovalopment, Paris (France), not be inextricably linked Such e policy would ensure maximum
NATIONAL AND INTERNATIONAL NETWORKS OF flexibility, making possible economies of scale through the sharing

LIBRARIES, DOCUMENTATION AND INFORMATION of expertise and software that could then take place. Author

CiNTRIS
Mar. 1975 82 p refs In ENfILISH: partly in FRENCH Presented
at the Tech. Inform. Panel Specialists' Meeting, Brussels, 2-3 Oct. N76.23377 British Library, London (England). Research and
1974 Development Dept.
(AGARD-CP.15S) Avail: NTIS HC 1475 AN APPROACH TO THE DIVILOPMENT OF LIBRARY AND

The Interrogation and retrieval methodology. monodisclplinery INFORMATION NETWORKS WITH SPECIAL RPFERENCE
and multidisciplinary, for designing multinationel networks and TO THE UK
library systems as a function of user requirements are summarized. P. L Holmes In AGARD Nell. and intern. Network of Libraries.
Dalo arre aol given on hardware and software problems and Do0. and Inform. Centrae Mar. 1975 7 p role (For availability
future trends In the field. Fur Individual titles, sea N75-23373 see N75-23372 14-82)
through N?5.23382 The need for careful preparation and planning ot library and

Information networks Is drscuseed. and the British Library researgh
N76-23373 Liege Univ, iSalglum). program expliIr , Three psiallel phaseo. concerned with
PROBLIMS OF A BISLIOGRAPIIIC NETWORK AND assessment of existing on-line bibliographic information services,
DOCUMEINTATION CENTER IN BELGIUM CIIB PROB. provision of data for pl3nning of a library and information network
LIMES DE REIRAUX POUR BIELIOTHEOUNS IT CINTRIS in the UK, and examination of computing, telecommunication,
DE DOCUMENTATION IN SELGIOUEJ and irprogrephic techniques for their appicoations to informnation.
Pierroeandro Piron In AGARD Nati. and Intern. Networks of handling. are covered. Author
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1176U23378 European Space Research Organlitation. Frascati IAGAIID.LSB86; ISBN-92.835.1225-1i Avail: NTIS
(Italy). Space Documentation Service. IHOMTINlC A04/MvF AOI
ON-LINK NETWORKING BETWENI NFRAIN CAN- An up-to-date review is given of micrographic tochnolopy.
TIES lIN EUROPE computer input microfilmn ICIMI arnd computer output microfrilm
0. M. Audsley /a AGAND Nati. and Intern. Networks of Libraries, (COM). at well as an indication of the market site anld growth
Doc, and Inform. Centres Mar. 1975 12 p raef (For availability rate After an account of the fundamindrtaim of mnicrographics.
sae N75-23372 14.82) COM recording techniquers arid recoiderii are described and CIM

Future trends in on-line networking for Information retrieval techniques reviewed Other topics covor Indexing and retrieval
purposes and the possibilities of collaboration between networkii techniques, systiems design. alphanurreuric arid graphic appies-~
in Europe are examined The technical aspects of major on-line tions Future trends in mnicrograprhic technology mre indicated..
networka are mentioned. The development of a special purpose For individuril titles. see N77-10948 through N77-10953.
distributed European-wide Information network Is postuiated. The
need for extremely ciose end detailed levels of Eurt naon N77-10946# Nationral Micrographics Association. Silver Spring.
Coordination during the deveiopmrent arid Inmplementationi of such Md

anetwork it anticipated. The possible uses of communications MICROGRAPHICS AND COM: A STATE.OF-THE-ART AND
satellites, In particular EBRO projects, aer mentioned. Author MARKET REPORT

*Don M. Avedon in AGARD Rev, of Develop in Computer
Output Microfilm (COMI and Micrographic Taohnol.. Present and

*N75S23370 Commission of the European Communities, Future Sep. 1976 6 p (For primary document see N77.10945
Luxembourg. 01-82)

TNIINFRMAIO REUREET Avan ovrve ofrncorp~ computer Input microfilm end
P. L. VanVoalu and G. W. P. Davies In AGARD Notl. and computer output miurofilm at let speed Is given, The scope. the
Intern. Networks of Uibraries, Doc, and Inform. Centres Mar. boundaries arid the uae of mricrographics are discussed. Author
1975 7 p (For availabiiity see N76-23372 14-82)

A network for ecientiflia and techtnicail Information Is being N7?.I1047# Daker 16i. G.) and Associates. Surniy (England).
developed for the European Community. The authors represent MICROGRAPH4IC FUNDAMENTAL$
the Commissioun of the European Communities, which was charged G. G. Baker In AGARD Rev, of Develop 'in Computer Output
with the task of coordinating the activities of Membier Countries Microfilm 1COM) and Micrographic Technol, Present and Future
to work towards this common network. The main topics discussed Sp 981 Frrmr ouets*N71960-2arer the goals of the planned network, the project orgettisation. e.196lpFrrImrdoueteeN70910S2the ~ ~ ~ ~ ~ ~ ~ ~ ~ Aal role of the teeomniain faiiie n hefcor hc

terlofthe s teeomnctof s fclte nthfa utor horh A general Introduction to the technology of micrographic& is
aer Influencing tedesign ofthe network, Auhrgiven arnd tlire microform. In use In Europe, the equipment oveliable

and the concepts of recording, film processing and readout are
N0175-23300 Cogocs-Tymahare, Saint Cloud (Frarice). described. Some of the common Indexing methods are dliscusicdl
THE TYMNET NETWORK b0f ROSEAU TYMNETI end illustrated, Details arnd Ililustrations ate *lto provided for
Michel Raocalo In AGAAD Nell. end intern. Networks of Libraries, film cartridges and cassettes, filmn duplicating equipmmnt. lrri.Iruiirg
Doc. and Inform. Centre& Mar. 119711 4 p rela In FRENCH equipment. fiche pruduolion equipment, auicomated lirire syultenoi.
(For availability see N75-23372 14.82) aperture card bucuipmant and microfilmrr carnorm., Mctliiiv not

A description is given of TYMNRT, a time sharing telecom. computer output micrafllm (COMI recorditig art doticrbmnr iinu
niuniciation networ; utilized byr small data processing centers. two popular fiche formats uted for 0CM opiurtiinni urn
Data cover tranamian n, connection, and surveillance procedures. illustrated. ulo
Netlwork hardware and software are discussed along with Aiiri
advantages to small processing centers using the system. N77-10944# M coi d Corp., Ktingstonr, N. H

I. .Tranal. by E.H.W. COM RECORDING TECHNIQUES AND RECORDEDS
George H. Harmon In AGAFID Rev of Develoip in Cormpiutrn

1176-2=111 Association of Special Libraries and Information Output Microfllm (COMI and Micirogpitric Tocfiirrl.. Picivuiniranti
Bureaux, London 111nglanid). Research and Development Dept. Future Sep. 1976 8 p (For primiary documniait see N77'.10946r
UlaR REQUIREMENTS IN U1LSRARIES11, DOCUMENTATION 01.82)
AND INFORMATION CENTERS Avull. NtIS HC A04/MF AOl
Margaret Waster In AGAND Noll. and Intern. Networks of Various techniqcues hot thre cornversion of date, ixct-tniituos
Libraries, Doc. and Inform. Centres Mar. 1975 4 p iFor availability for character and vector generationi. end tha. means fur iriple.
"ae N75-23372 14-82) meriting the conicepts in corriputer output muicrofilmi recortforie

Surveys of user populations by questionnraire or Interview are described. Also Included is a distaissioni of the vorious
are used with increasing frequency in an attempt to establish Computer Output Microflliners available today. Mentio~nisr alson
user requirements In libraries, documentation and information made crf the uconcepts of Computor tinput (turn Microfilmi. Araiiiir
centres, Although the survey as a flexible and useful technique
it does have Intrinsic limitations, which do not seem to be fully N77-10949# Microfilm S3ciences Corp.. Ntivw York(
recognized by all concerned In Instigating, executing or rinterpreting INDEXING AND RETRIEVAL TECHNIQUES
user rosearch In the defined field. A negative defense of the Franklin 1. Boinick In AGAFID Ray. uf Develop~ iii Computier

aurecy method is given. Data outline what the survey can not Output Microfilm ICOMI and Mirrographic Tectnirl.. Preseint und
fairly be expected to accomplish, and) indicate areas in which Future Sepi. 1970 8 p (For primary documrenit sec N77-109)46
this proper sphere of application would seem to lie. Author 01-82)

Avail. NTIS NC A04/MF AOI
N762332 Ntioal onier or cietifc ad TchncalA review of the state-ofrttte-art in availablet storage rind

N7S*23~2 NatonalCentr fr Srientfioand echncalrettievitl methods and technriques used with iniciogruphic systhirra
Documentation. Brussels (Belgium). is given. Hull1 film. fllirs arid aperture caret ryaterixi with their
USSR hEQUIRUMNTIKI16 AUTOMATED SERVICES mranual, semi-autonratic and fully autunrmitic retrievol equipmrent
Guy M. Vartautryve In AGARD Noll. arid Intern. Networks of ate evaluated, analyzed and compared The rtaationrship Af
Uibraries, Doc. and Inform, Centres Mar. 1976 11 p refs (For updatable microfilm to storaegi arid retrieval systansrs are. iiiiplrinert
availability see 1475-23372 114-02) end evaluated. Authorn

General user requirements and their effects on the design
of automated asevicea in inforimation networks are examined. N77-10960i# Ustitral Comiputer Agency. iLonduilr lEn~iiirll
Dots are given on quality control, System Interaction, system THE SYSTEMS APPROACH TO COMPUTER OUTaPUT
management and system effectiveness. Author MICROFILM

Bernard Terry In AGARP Rev on Develop. in Computrer Clu~ttut

N77-10945# National Micrographrics Association, Silver Spring. Microfilm ICOMI end Micrographic Technol., Present ainn rutire
Md. Sep 19786 p (For prlrriary document sue N77-1109415 01-921

REVIEW OF DEVELOPMENTS IN COMPUTER OUTPUT Avail: NTIS HC A04/MF AOl
MICROFILM lOOM) AND MICROGRAPHIC TECHNOLOGY, The use of COM waii primarily baseid ci trire need ton imninpo
PRESENT AND FUTURE from thre avulancmre of paper emanating fronm comrputfitr vystarins
Sep. 1978 57 p rets Presented at AGARD Lecture Series, arid to minimize thei eaoclating costs of printing. duiplicationl arid
Oslo. 2b-26 Oct. 1976, Paris, 28-29 Oct. 1976; Lon'donf. distribution The scope for tihe systemsi arrurlvft to Pirliv his
1.2 Nov. 198experience to the tasks to be 'dururped' to ririrrofonin was irniibitred
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~;the need to accept existinig page layouts in order to effect Dats collection, conversion, storage, and retrieval trends war@
Mst transfer from paper withi the minimum a! time and effort to exaemined. Entity formatting and element transformationl were

tmaximize savings. However even within these lirmitationis theta discussed as well as digital storage alternatives and storage
are design options open to the analyst, enco these are Identified hierarchy. Data base management, management syatems software,
and explored with a view to optimizing bentefits end cost savings, end Implementation considerations concerning data retrieval were
The range of COM techniques and hardware features, together investigated S.M.
with the systems Implications. are dlescribod. Thre potential for
devetoping novel output systems utitizing the piarticular advan 7160# AinryGopor eosae eerc un

tage ofCOM s dscnsaed AuhorDevelopment. Paris (Franceli
ADVANCEMENTS IN RET14IEVAL TECHNOLOGY AS

N71-102(1# Zytron Corp. Menlo Park. Coil RELATED TO INFORMATION SYSTEMS
APPLICATIONS: ALPHANUMERIC Dec. 1976 154 p refs In ENGLISH; partly in FRENCH

Truet E AihartIn GAR Rev ofDevlopin ompterProceedings of Tech Inform Peanl Specialists Meeting. Arlington,
Output Microfilm (COM) end Micrographic Technol. Present arid V.2- Ot17
Future Sep. 1978 7 p iFor primary document sort N77- 10945Vs201Oc.97
01-82) iAUARD-CP-207; ISBN-92-836-0103-7) Avail: NTI S
Avail: NTIS HG A04/MF A01 H Present and future applications of computer technology to

Alphanumeric applications of computer technology are information management are explored. For Individual titles. see
discussed and the technological advances assessed. L.S N77-16931 through N77-16946.

N77.055# MiordCorp, Kngstn. . HN77-16931# Imperial Coil,. of Science and Technology. London
COM APPLICATIONS: GRAPHIC (England). Dept. of Computing and Control.
George H. Hermon In AGARD Raw. of Develop. in Compruter RTRIEVAOLE 5UTEINICMUKR NTEINOMTOOutput Microfilm ICOMi and Micrographic Technol. Present and RTIVLSSNS
Future Sep. 1976 2 p (For primary document see N77-10045 B. K. Penney In' AGARD Adven. In Retrieval Technul. as Related
01-82) to Inform Systems Diec. 1978 8 D refs (For primary document
Avail: NTIS HC A04/MF AOl oeg N77-16930 07-82)

With the advatnced deplgn of Comiputer Output Microfilm Avail: INTIS HC AOS/MF AOl
recorders the possible applications for use are almost limtitless. The difference in characteristics between minicompuiters anid
Nearly any syimbol, or character can be created, Applicationt areas mainframes are discussed, Various aspects a; the use of computers
discussed range through business, finance. entgineering, graphic In Information retrieval are exami~ned to determine the areas
arts, printing, publishing, education, and scientific research. The which may be better or more profitably served by minicomputers
types of recordings described range from charts and grapns of then by the more usual mainframe system. Author
firineniiai records, engineering drawings, chemical reports, and

CCsatellite recordings, to color charts, printed circuit masters and N?7-16932# Defence Research Information Centre, Orpington
anilmated movies. Author iEngiar'd).

THE USE OF A MINI-COMPUTER AT THE DEFENCE
N77-10953# Notionai Micrographics Association. Silver Spring, RESEARCH INFORMATION CENTRE (DRIC)

Md. George W. Hart It AGARD Advan. in Retrieval Technol. as
BIBLIOGRAPHY UF MICROGRAPHICS Raiated to Inform. Systems Dec. 1978 13 p refs (For primary
In AGARD Rev, of Develop. in Computer Output Microrimn Avail; NTIS RIC AOS/MF A011
ICOM) end Miurognrý!hia Tochnol, Present and Future Sep. The functions of the Defense Research Information Center
1976 8 p refs (For primary document sea N77.10945 01-82) (DRICi aer outlined. A minicomputer is used to proepreo the
Avcil: NTIS HC A04/MF A01 'Abstracts Bulletin' and Its Indexes. end to provide data on the

A selection of iubiications, fromn 1g66 to 1976, covering exchange of reports with foreign countries. Future possible
nmany aspects tif mricrographics is given. The items are lite application& for the computer are described. Those include a
chronologically. using th- samei numbmring system as NIMAs rlgiter of the Intarests of DRIC's customers, a loans control
Micrographics Index. Withi the first two dligits representing the system particularly for classified reports, thesaurus iook up to

yea ofpulictio. ntreshave the same accession number in, help the scientific staff, and information retrieval (both SDI and
the Bibliography arid in the Micirographics Index. Entries are retrospective). A brief summary of other uses of computers in
Indexed according to subject again using the saome system as the LIK Ministry of Defense information end library services is
the Micrographics Index. Additional information on the content rcue.Ato
is provided In the brief annortation which Is a part of each entry.

11The bibliography does not inciude journal articles. These, together 7-63# tdtunUnvrtstbllhk.Fafrtm
with additional books, pamphlets and reports. cant Lo found in MaN7-193 West t Gem nyl. vritsailali rakuta

the ivt'..ogrophics Indeax and Ito Supplement. The Micrographics MainC UT E INes LIBARrCRCUATONAN
ndi',- is dasigr 3d to provide a cumulative and comprethesiove CONICAUTNOL IRR CRUATO N

information base, with suppierments or updates appearing eac K'cus-Oisher Lehmann Ir AGARD Advan in Retrieval Technol.
your Author as Reiated to Inform. Systems Dec. 1976 5 p refs iFor

N77-11907# Advisory Group for Aerospace Roesaruh risrd prinmary document see N77-16930 07-821
Development, Paris iFromoca). Avalt: NTIS NC AOB/MF A01

OCRANDITSAPPICATION TO DOCUMENTATION: A The growing need for Information services phoses increasing
OCTATE OFTSE ARTREIE problems for libraries and documentation cantors. Date processing
SonldA.EO BuHE ARATC NEVEWYkan A. Weaver iMiillard richniques provide sieveral possibilities for improvement, among

Donad A Buh (ADC.NowYor) ad Jtire moat recent techniqueus are the use of minicomputers. A
(GRs. Abs. Surrey. EngIN-28i -2 Isr -97 1) dvi!uTSscription of the modq of operation In library loan posting Is

IACAO.A.21: ISN,9,83.r2 t~1 Avil TISgiven. x.c well as a discussion of the extent and structure of
HC A03/MF A01dt.lnaepsiilteadseiloertoa etrs o

The problems of prodlucing scientific arid technical documents- dtlnaepsiilix n pca prtoa etrs o
lio ea srvyedinters f aplcatonof optical Character these specialized applicatlons a short survey of the hardware

Reogn aeitione inCR technmus Tfap funcation idmhotf configuration arrd software of minicomputers is also prssented.

operation of OCR machines irio described in outline. and the Comperinon is made betwean a stand alone system and a
limitations are discussed. Recommientdations are given for minicomputer connected to a background computer. This study
Imrproving do~urnntiitioi production, and areas for further is based on actual projoctc existing In the Federal slrpUblic of
researcit are suggirsied. Author Germany. Author

N77. 10934# Zentrairiteile luer Masahinalie Dokiumrentation
N77-E90ft dviory rou fo Aeospae Rseach nd ZMDi. Frankfurt (West Germanyl.
N77-590# Avisry rou fo Aeospce eserchandTHE MINICOMPUTER'S ROLE IN DAIA RECORDING FOR

Devnilopment. Pori* (France), INFORMATION RETRIEVAL PURPOSES AND PRINJTED
METHODOLOGY OF LAP43E DYNAMIC FILES INFORMATION
A. K. Gillis (Harris Corp., Melbourne, Flo.) Dec. 19111763 24 p Horst Zuchel In AGARlD itdvan. in Retrieval Technol. as Related
'AGARD-R-649. ISBN.92-836-1233-31 Avail: NTIS5 to informi. Systerris Dec. 11976 4 p refs (For Primrary document

IlHC A02/MF AOl co N77.16930 07-821
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Avail NTIS HC AOB/MF A01 THE NATIONAL STANDARD REFERENCE DATA SYSTEM
Poslbllitiaes to reduce the mental part in data recording in Stephen A. Rossmaisler in AGARD Advan in Retrieval Technol

order to achieve more efficiency are explored. The present state as Related to Infori Systems Dec 1976 4 p ra (For
of minicomputer development offers suitable facilitias for Improving prinar document sea N77-18930 07-82)
data recording for information retrieval purposes and for printed Avail. NTIS HC AOS/MF AOl
information. The hardwnru configuratiin. tir developed program The National Standard Reference Data System Is a coordl-

packages and also the experience gained are described Author naiad, but decentralized effort to increase the reliability and
avallability of numerical data used In and produced by the physical

N77-15936# National Physical Lab.. Teddington (Englandl. sciences and engineering. individual delt projects an specific
INTERNATIONAL DATA COMMUNICATIONS: PROSPECTS technircal subjects are established to extract, evaluate, and compile.
AND PROBLEMS in a systematic manner, all relevant data from the scientific
D L A Barber In AGARD Advart in Retrieval Technol as journal and technical report literature. The evaluation procees
Related tc inform. Systems Dec. 1976 8 p rots (For prinsry compresses the original data. and the systematic treatment aide
document see N77-16930 07-82) tire usei in filling his date needs. Sophisticated dats-hsndlinr,
Avail: NTIS HC AOS/MF A01 capabilities including on-line Information and date retrieval ore

The evolution of International data nomniunicatlona Is developed In individual data centers and also In a central data

reviewed. Future possibilities for development are discussed along systems design group. Author

with some reference to the European Informatics, and the Euronet
Project. A discussion of oroblems at the user level is Included. N77-16940*# Nelional Aeronautics and Space Administration.

Author Goddard Space Flight Center, Greenbelt, Md.

SYNTHESIS AND DISTRIBUTION OF ENVIRONMENTAL
h77.15936# European Space Agency. Fracatli (Italy). Space SATELLITE DATA
Documenlation Service. James I Vetto In AGARD Advan, In Retrieval Technol. as
MAXIMISING THE USE OF AN INFORMATION SERVICE Related to Inform. Systems Dec. 1976 11 p refe (For primary
IN AN INTERNATIONAL ENVIRONMENT document see N77-18930 07-82)
W. A. Martin In AGARD Advarn. in Retrieval Technol. as Related Avail: NTIS HC AOB/MF AOl CSCL 056
to Inform. Systems Dec. 1976 1i p refa (For primary document The activities of two National Oceanographic and Atmospheric
eaer N77-16930 07-82) Administration and two National Aeronautics end Space
Avail; NTIS HC AOB/MF A01 Admnivntrtilon facilities involved in the synthesis or distribution

rhe development of the European Space Agency Space of space environmental data are reviewed, The data products,
Documentation Service ISDSI from 1984 to date Is briefly user services, and pertinent publications are given. The computerreviewed. SOS database policy, which must satisfy the needs of systems that support three of these facilities are discussed and
both the agency end its member oountties, is explained and some details of the synthesis procedures are given. Data fiom

utilizatlon trends for all major datablazs examined, Based on a the following satellite series are Included in the discussion: TIROS,
target of self-support since 1971, the evolution of SOS charging NIMBUS. fSSA, NOAA. SMS/GOES. ATS, and SOLRAD. Orbital
policy end the integration of the recently introduced RTC (remote position date for HAWKEYE 1, IMP H and J, VELA 69,
terminal concentrator) are described. The derivation of database PIONEERS 0-9, PIONEER 11, HELlOS I and 2, and SOLRAD
related costs, their potential for reduction, and the useful price 1 1A and 1 IS in several coordinate systems are discussed.
reductions which would result from a significant Increase In overall Author
system load factor are outlined. the consequences end implications
of working In an International environment Ira reviewed, and N77-10941# Oak Ridge National Lab., Tenn. Environmental
the particular problems of data communications In Europe are Sciences Div.
emphasized The exponential grovth in demand for Information DEVELOPMENT AND APPLICATIONS OF SPATIAL DATA
services as indicated by recent projections Is noted, highlighting RESOURCEB IN ENERGY RELATED ASSESSMENT AND
the need to Improve and simplify current types of service; ongoing PLANNING
experimental work at SDS on en Integrated information baes Is Richard J. Olaon. F. Glenn Gaff, and Jerry S. Olson In AGARD
briefly mentioned including some thoughts on the multi-lingual Advan. in Retrieval Technol. as Related to Inform. Systems Dec.
requirement. Author 1976 7 p refs (For primary document see N77-16930 07-92)

(Pubi-.01) Avalt: NTIS HC AOB/MF AO1
N77-16937# Paris V Univ. (France). A spatial database for the Eastern United States at the
A HUMAN BIOMETRY DATA BANK county-subcounty unit level of resolution Is described. The
A. M Coblentz Ir AGARD Advan. in Retrieval Technol. as databait contains information on terrain, water resourcee, climate,
Related to Inform. Svs-oms Dec. 1976 14 p In ENGLISH land use, forest resouices, agriculture, wildlife resources. criticaland FRENCH IFor primary document see N77-18930 07-821 natural Ireas, human population and energy uses. A spatial

Avail NTIS HC AOS/MF A01 hierarchy of metric, geodetic and geopolitical scales Is defined
The collection and use of individual anthropomettic measure- as a framework to organizing the dait. Building blocks that can

meats gathered over several decades on a large number of world be assembled or aggregated to satisfy analysis needs allow
populatrons is reported. Data recording and reduction methods accessing more detailed spatial data by using pointers to
are described. Use of the data bank in equipment design is information not stored in the database. Uses of the database
discussed. Author are related to the r..pabillty to cross-reference and integrate

linfurmation in various subject sectors, utilizing spatial units and
N77.1B9•8# Massachusetts Inst. of Tech., Cambridge. temporal periods commensurate with regional themes. An
THE VIRTUAL-BYSTEM CONCEPT OF NETWORKING investigation of potential changes in vegetation patterns related
BIBLIOGRAPHIC INFORMATION SYSTEMS to predicted temperature changes from increased atmospheric
J. Francis Reintles In AGARD Advan. in Retrieval Technol. as C02 is presented to Illustrate an ongoing application of data

Related to Inform Systems Dec. 1976 7 p ref (For primary resources Other themes Include coal extraction, landscape

document iiee N77-16930 07-82) patterns, habitat and population dynamics of selected biological
(Grants NSF SIS.74-18165: NSF SIS-75-22946)

Avi TSH OIFA1species, and energy facility siting AuthorAilNTIS NC AzO8/MF A01

From a rotrievai effectiveness viewpoint, it Is highly desirable N77-16942# National Bureau of Standards, Washington, 0 C.

to allow the seeker of information to engage the Information Physical Chemistry Div.

system himself rather thin to have him work through another EVALUATED NUMERICAL DATA FOR THE EST AND
person Bacause of the heterogeneity that presently exists among CHLOROFLUOROCARMON PROBLEMM: A CASK STUDY
data bases and systems that contain them: however, placing OF HOW TO HELP THE ENGINEER AND THE MODEL-
the seekir directly online is impractical. A system Iw described LERS
w,lch conveys the impression of sta'rdardization to the information David Garvin and Robert F. Hompson In AGARD Adven. in
seeker through use of a comnuterized interface translator Retrieval Technol. sa Related to inform. Systems Doec. 1976
Interposed between end users aid the systems they wish to 6 p refs (For primary document see N77-16930 07-921
access. The interface thus creates a .iniforiw virtual system. and Avail NTIS HC AOB/MF AO1
it is tris single virtual system that the user engages. Author Activities of the Chemical Kinetics Information Center in

support of the Climatic Impact Assessment Program are reported.
These include planning. Identification of needed measurements

N77-16935* National Bureau of Standards, Washington. D C. and available measurements, determination o( the needs of users.
Offce of Standard Reference Data. evaluation of data. interpretation of results for non specialists
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and distribution of tables of rate danta. This type of role Is suitable X77-72041 Advisory Group for Aerospjace Resesarch and
for an Information analysis center In nv large scale Interdisciplinary Dvipst ai Fac)
program. Author A SURVEY OP MECHANIZATION AND DOCUMENTATION

ACTIVITIES IN AGARO NATIONAL DISTRIBUTION
N77-11548# Rome Air Development Center, Griffis% AFG. N.Y. CENTERS
HOLOGRAPHIC DATA STORAGE AND RETRIEVAL R. H. Howe Feb. 1976 84 p
SYSTEM (AGARO*R*77) Avail: Advisory Group for Aerosapce Flosearch
Fied N. Haritoato and Jack D. Petruuaili In AGARO Advan. In and Development, Polls, France NATO- Cleassified report
Retrieval Technol. so Related to Inform. Systams Dec. 1978
17 p (For primary document sea N77.t11930 07-62) NOTICE: Available to U.S. Government Agencits.

Avail: NTIS HC AOU/MF A011
rA system Is described for validating the concept of hoio. Extent of mechanization of dlocumantation activities was

graphic data storage. The equip ment comprises a microfiche Investigated by means ),f a questionnaire sent to 23 AGARD
recorder, a subsystem controllear/comuter (POP 11 /15). and a National Distribution Centers and cloirte linked centers. Seventeen
microfiche reader. Input deviaes include magnetic tape, document organizations returned completed questionnaires, and of these
digitizer, and modern coupler. Output is In the form of a human eight had mainly manually operated systems and the remainde

Ireadable machine readable (HAMA) microfiche. hard copy. mechanized, or partially mechanized, systemsi. Data on type of
magnetic tape, or digital signal to a host computer via a modem input. subject coverage, end method of Indexing were compared
unit. System access and display is through the display terminai. for all organizations replying. For organizations with mechanized

Author or partilily mechanized systems, data were given on hardware
onfigurations, software, applications, network operation, arnd use
of commercial documentation data processing services and data

N77-16344# Mitre Corp., Bedford, Mesa, bases. Author
MULTIMODE NETTING BY WIDESAND CABLE
Victor A. Demarines and George A. Fagan In AGARD Advan,
In Retrieval Technol. as Related to Inform. Systems Dec, 1976
9 p (For primary document see N77-16930 07-82)
Avail: NTIS HC AOI/MF A01

Coaxial cable systems using multimadia bus technology are
proposed to support 'transpa/eent, efficient, expandable, end
easily Integrable networks needed to exploit new Information
system concepts. The most appropriate users of the cable system
are In large buildings or spatially compact aroea where there Is
need for a wide variety of communications services. Applica-
tions cited are military bases, government offices, hospitals,
large Insurance company headquarters, and highiy automatedLmanufacturing complexes. Author

N77-16940# Advisory Group for Aerospace Research and
Development, Paris iFrance).
TERMINAL ACCESS TEICHNOLOGY OP THE 19906
Craig Fields In AGARD Advpn. In Retrievai Technol. as Related
to Inform. Systema Dec. 1976 5 p iFor primary document
one N77-16930 07-62)
Avail: NTIS HC AOIS/MF A011

The needs of office workers In the 1990's are predicted.
The application of computers to teleconferencing Is Illustrated In

teelectroencephalogram as a communication channel between
mnadcomputers It discussed. Geographic data management

ssesa*described for regaining the advantages of paper In
douetretrieval, source of text authentication, and commuinica-

sinaou h ender. Intensive and accessiblo work environments
are also discussed. Author

N77'116111,1111ij Informatics. Inc.. Woodlend Hills, Calif.
IMPLICATIONS OP FUTURE DEVELOPMENTS IN COMPUT-
ING Y"CHNOLOOY
Frank V. Wagner In AGARD Advan. In Retrieval Tochnol. as
Related to Inform. Systems Dec. 1978 12 p raft (For primary
document sea N77-116930 07-82)
Avail: NTIS HC AOS/MF A01

* A review Is made of cost/performance trends In computing
technology, Including hardware elements and software develop-
ment. The resulting Impact on computer systems architectura Is
briefly covered Partiruisi empivelsis s placed on the trend
toward decentralization. t he developmnent of distributed computing
and the use of modern dedicated smell computers is examined
and anelyzed. An explanation Is givent for iGrosch's Law, which
has descuribed the relationship of computing power and cornput-
ar price, Recent developmonts may Invalidate the conclusion based
on Groach's Law that any enterprise should get its date processing
done on the largest possible computer that the enterprise can
afford to acquire, or to which it can afford to buy access.
Conclusions are drawn that a radical revolution In the use of
computers has, begun, and that In the future, a new principle of
decentralized computing may replace Grosch's Law. Author
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83 ECONOMICS AND COST
ANALYSIS

Includes cost effectiveness studies.

N7119073# Advisory Group for Aerospace Research and
Development. Paris (France).
A GUIDE TO REPAOGNAPHIC PROCESSES PeR THE
IMALL USER
T. Hampshire (NstI. Reprographic Centre for Doc.) Jan. 1975
40 p
(AGARD-AG.199' AGARDograph.199) Avail: NTIS HC $3.71

Detailed information is given on the various reprographic
proemees and systems available, The information Is divided Into
the three main areas of reprography! photocopying, duplicating
end printing, and micrographics. The method of operation of the
procesms Is provided and the various characteristics and
application suitability ere given for each process. Equipment
Illustrations are presented to show type rather than specific
company's product. A list of major International manufacturers
of equipment is Included aea guide from where specific informatlon
can be obtained, Author
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8 URBAN TECHNOLOGY AND .N79 103 connecticut Univ., Storr. Now England Research

85 UApplication Center.
TRANSPORTATION MAXIMIZING USER BENEFIT FROM A TECHNICALINFORMATION CENTER

Includes applications of space technology to urban problems; Daniel U. Wilds In AGARD The Probl. of Optimization of User
technology transfer; technology aesessment; and surface and Benefit in So, and Teohnol. Inform. Transfer Mar. 1976 3 p
mosa transportation. For related Information ste 03 Air (For availability sea N7G-25098 15-85)
Traniporfatiun and Safaty. 16 Spacp Transportatlon, and 44 Dissemination of the results of NASA research to business

and industry, coilages and universities, and state and localEnergy Production and Conversion. governments is discusaed. The Now England Research Application
Center's operating procedures and efforts to increase user benefits

N7$-25099# Advisory Group for Aerospace Research and and thus ensure successful technology transfer are reviewed.

Development, Paris (Froncel J.M.S.

THE PROBLEM OF OPTIMIZATION OF USER BENEFIT INSCIENTIFIC AND TIEC HNO LOGICAL IN PfJRMATI ON Nil.45104 Darnak Tekniak Oplyaningstbaenate, Copenhagen.
TRANIFER THE INFLUENCE OF INFORMATION FLOW ON THE
Mar. 1976 116 p refs Presented at Tech, Inform. Panel ORGANIZATION OF AN ENTERPRISE
Specialists' Meeting. Copenhagen. 8-9 Oct. 1975 Kjold Kiintoe In AGARD The Probl. of Optimization of User
IAGARD-CP.179; IBN-92-B36-12I13.) Avail: NTIS HC Benefit in Sol. and Tochnol. Inform, Transfle Mar. 1976 9 p
65.,80 rols (For availability see N76-25098 15-86)

The user/information service interface Is examined and user The concept of an enterprise, the role of information, and
problems are defined particularly for aerospace, scilntific, and how the information flow could be organized to make an impact
technical information, Topics discussed include: role of corn- on the performance and result of the operations of an enterprise
munication and direct personal communication in the transfer of are discussed. Author
technology; influence of information flow on the organization of
an industry or research and development institution; information N79-26105 United Nations Educational, Scientific and Cultural
utilization in governmtnt and Industry research Institutions; and Organization, Paris (France). International Social Science
user requirements in the various fields. For indivId.,ai titles, sea Council.
N78-25099 through N74-25114. ON THE USE OF QUANTITATIVE DATA IN INFORMATION

ISIENCE
N76/11101101 Association of Special Libraries and Information Eric DeGroller In AGARD The Probl, of Optimlisation of User

Bureaux. London (England), Benefit in Sol, and Tochnol, Inform, 'transfer Mar. 1976 9 p
THE ROLE OF COMMUNICATION IN TECHNOLOGICAL rate (For availability see N76-25098 16.85)
INNOVATION The development of information science is briefly considered.
John Martyn In AGAIRD The Probl. of Optimization of User Emphasis is placed on the pitfalls encountered in constructing
Benefit in Sol. and Tachnol. inform. Transfer Mar. 1976 3 p an information system, and suggestions are presented for future
refs IFor availability mee N76-26098 15-85) research, J.M.S.

Communication Is described as a two-way process. involving
the active participation of both the originator and reciplent of a N79-25100 Studiengruppe fusr Systemforschung, Hoedelburg
communication. Results of various studies are reviewed Indicating (West Germany),
that good communications, internal and external, characterize THrt CHARACTERISTICS REQUIRED TO MAKE A GOOD
organizations which are successful technological Innovators. It Is INFORMATION SPECIALIST
concluded that responsibility for the establishment of good formal Werner Kunz In AGARD The Probl. of Optimization of User
(Information services) and informal (person to person) comrnunlcs- Benefit in Sol. and Teochnol, inform, Transfer Mar. 1976 4 p
lion and information flow rests with management. Author refs (For availability see N76-25098 15-85)

From the current situation and the nature of problems in
N74-211100 Massachusetts Inst. of Tech., Cambridge. Sloan the Information sciences, the different kinds of information
School of Management. scientists demanded are described. A number of tasks that may
THE IMPORTANCE OF DIRECT PERSONAL COMMUNICA- be performed by information scientists ar listed. Topics to be
TION IN THE TRANSFER OF TECHNOLOGY taught are identified, and proposals are mace for organizing theThomas J. Alien In AGARD The Probl. of Optimization of educational courso structure for information scientists. Author
User Benefit in Sol. and Tochnol. inform Transfer Mar. 1976
10 p refs (For availability so@ N76-25098 15-85) N7B-25107 Danish Atomic Energy Commission, Risoe.

Technical communication in industrial firms Is discussed. INFORMATION UTILIZATION IN GOVERNMENT RE-
Heavy reliance upon face-to-face communication to transfer SEARCH INSTITUTIONS: AN ATTEMPT AT A USER.
technology in Industry, and Interpersonal contacts among ORIENTED APPROACH
scientists, both domestic and foreign, to foster national and Eva Pedersen in AGARD The Probl. of Optimization of User
international transfer of technology are emphasized. Effective Benefit in Sci. and Teochnol. inform. Transfer Mar. 1976 3 p
management of information flow for technology acquisition and reft (For availability see N76-25098 15-85)
dissemination is considered, J.M.S. The importance of close cooperation between the research

worker and the research libraryt is examined. The requirements
N76-26101 Natiomial Research Council of Canada, Ottawa to tho library from a user point of view are discussed. Direct
(Ontario). Technical Information Service, access for scientists to on-line date bases is stressed, but the
TECHNOLOGICAL UP-DATING FOR THE MANUFACTUR. human element is advocated as being more important than
ING INDUSTRY computerized services. * Author
Gerard Kirouso In AGARD The Probl, of Optimization of User
Benefit Ir) Sol. and Technol. Inform. Transfer Mar 1976 3 p N74-2510 Victoria State Coll., Hawthorn (Australia),
refs (For availability see N76-25098 15-85) USER RESPONSE TO THE 0DI SERVICE DEVELOPED AT

Information services designed to keep the manufacturing AERONAUTICAL RESEARCH LABORAT(iRIES, AUS-
Industry technologically up-dated are described. Author TRAUA

Margaret 0. Sheppard In AGARD The Probl. of Optimization
N76-25102 Nord-Video, Stockholm (Sweden). of User Benefit in Sol. aed Tochnol. Inform. Trani.fr Mar 1976
ALTERNATIVE MEDIA FOR INFORMATION TRANSFER 9 p refs (For availability see N78-2509R 15-65)
Bengt-Arne Vedin in AGARD The Probl. of Optimization of A computer-based S01 system developed at the Aisroneutical

Research Laboratories, Australia, using an uneophisticjted searchUser Benefit in Sol. and Technol. Inform. Transfer Mar. 1976 logic, has been operating and developing for nearly five years
5 p (For availability see N76-25098 15-5) interrogating ADSATIS and U.S. NTIS GRA magnetic tapes for

Different factors affect the medlum to be chosen for the over 130 research oriented users. An analysis was mede of use
transmission of a message: receiver needs, message contents, statistics. The response to a recent questionnaire concerning
channels available, costs, necessity of retrieval, eto, A method information gathering habits of ARL research staff and the role
for comparing different media Is outlined, and the impact or of ARL 501 service within the overall pattern of Informatiol
efficiency of different appeals to our senses are reviewed. The aking iu discussed In som e detail. As a ru lt. it Is considered
analysis Is also applied to now media just being introducedt that an ARL type SDI system can be recommended when the

Author
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system Is designed to serve scientific research staff In what The transfer of information across International boundaries
may be regarded as a fairly typical research establishment. Once is discussed. Interpersonal contacts, both domestic and foreign
In operation. an ARL type SDI system can be elaborated for are considered the means of diffusing information from the
those who require a mare sophisticated service, but experience industrial community and the scientific community. Economic
at ARI. suggests that the needs of the majority will be met by factors are Included. J. M. S.
the simpler SDI eervice. Author

N7S*25114 Advisory Group for Aerospace Research and
N76-2510g0 National Aerunautics and Space Administration, Development, Paris (Franceal.
Washington, D.C. APP LYING THE USER/SYSTEM INTERFACE ANALYSIS
LISTENING TO THE USER: A CASE STUDY RESULTS TO OPTIMIZE INFORMATION TRANSFER
Harold E. Pryor In AGAIID The Probi. of Optimization of User Summery of Panel Discussion
Benefit in Sci. and Tochnotl. Inform. Transfer Mar. 1976 7 p E. T. Sharp, ad. (Shape Technical Centre) In its The Probi. of
(For availabitity see N7a-25098 16-851 Optimization of User Benefit in Sol. and Techol. Inform Transfer*The managers of the NASA Scientific and Technical Mar. 1976 10 p (For availability see N78-25098 15-BB)
Information Systerm consistently maintain that whatever acientific A sum mary Is provided of the highlights of the various papers
and technical Information services and products aer provided presented. Topics covered Include: the role of communication in
must be geared primarily to user needs and not simply system technological Innovation, the Importance of direct communication,
compatibility and convenience. A system evaluation study begun user requirementa, and the market In which the information
In 1973 and continued to the present Is described. The thrust service should operate. A general discussion of issues is
of this on-going examination Is to regularly evaluate the usefulness Included. I.M.S.
of the present Information system to those it Is Intended to
serve, engineers and scientists working in their professional rolse,
and to identify areas and ways In which the system can be
made more responsive to user needs. Techniques used have
covered the riongs from personal, in-depth Interviews to widely
distributed questioinnaire*. The findings have been positive.

* . iMany refinements made to on-going programs and proiects and
new endeavors begun in direct response to stated user needs
are discussed. In the main these needs are not unreasonable
and thus can be responded to with cost effective system

*modifications. Author

N76-21111 10 epartrnent of Intdustry. London (England), Research
INFORMATION REQUIREMENTS OF ENGINEEINGIIIII
DESIGNERS
J. R. Sutton In AGARD The Probl. of Optimization of Usor
Benefit In Sol. and Tachnol, Inform, Transfer Mar, 1970 8 p
rats (For availability see N70-250913 15-85)

The information requirements of engineering designers are
examined In the light of several survey@. The Information
requirements of mechanical engineers differ from those of
scientists end the Information requirements of designers differ
from those of other mechanical engineers. Some of the results
of a survey of Information requilrements of engineering designers
ore reported. Designers prefer famlilar and convenient sources
of Information. Author

N7111-2511 I Brown, Boveri und Cie, A.G., Mannheim (West
Germany). Zentralstelie fuer Tachnieuche Dlokumentation.
INDUSTRY DOCUMENTATIONW A NECESSARY EVIL
Werner Olera In AGARD The Probi, of Optimization of User

4. iBenefit In Sol. and Technol. Inform, Transfer Mar, 1976 10 p
$ ~reas (For availability see N70-25090 15-05)
r Documentation of technical and scientific litearturs In Industry

I. In the Federal Republic of Germany is discussed In terms of
tiser needs. The advantages of a centralized, computerized
clotumentation center are reviewed. J.M.S.

N76-251 12 Norwegian Center for Informatloo. Osio.
THE VOICE OP THE USiRW HiS INFORMATION NEEDS
AND REQUIREMENTS (WHICH ARE NOT WHAT THE
INFORMATION SPECIALISTS THINK THEY ARE)
A. Oisch In AGARD The Probl. of Optimization of User Benefit
in Sol. and Technol. Inform. Transfer Mar. 1976 8 p refs
(For availablilty see N76-26096 15I-R51

Two user studies were carried out in NorwaV. In the first
one 1,.400 engineers were asked to list those information sourcus
that they had used lately anid which had proved to be of practical
value In their dailly work. The follow-up study was a detailed
study of the Information gathering habits of a limited number of
users, It was found in both studies that the traditional Information
channels were of little value to the practical user. Two attempts
to remedy these findings are described. Author

V N78-28113 Georgetown Univ.. Washington, D.C.
THE GATEKEEPER HYPOTHESIG AND THE INTERNA.
TIONAL TRANSFER OF SCIENTIFIC KNOWLEDGE
Arnold J. Herzog In AGARD The Probi. of Optimization of
User Benefit In Sdl. and Technol. Inform. Transfer Mar. 1976
9 p refs (For availablity isee N76 25098 15-65i
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99GENERAL

99 GENERAL XTS.70572 Advisory Group for Aeronautical Research and
Devemlopment. Paris (Franc.).
DETECTION AND LOCATION OF SHELTERED AND
DISPERSED MAICRAFT, VOLUME I :EXECUTIVE
SUMMARY. VOLUME 21 APPENDIXES

forAerspae esech ndC. W, Cooper [Jal. 19731 1 p
N76-15695# Advisory Group fo(eopc Rsac n AGARD-AM-59) NATID-Claesified reiport
Devalopmnent, ParislFranca).
DIRECTOR'S ANNUAL REPORT TO THE NORTH ATLANTIC NOTICE: Available to U.S. Government Agencies and Their
MILITARY COMMITTEE Contractors.
1973 83 p refs
Avail: NTIS HC 14.75 The nature of sheltered and dispersed aircraft and their

The activities of AGARO eam reviewed. The following panel environment Is examined. Military roquiroemnits for
programs are discussed: ( 1) aerospace medicine: (2) avionics:;eorasacatcaddmg eesei r eiwd
(3) electromognetic wave propagation: (4) flight mechanics; (5), Theoteast rovid atak anrve dainomatio asesmnt eawd ranevieef

enuiddyeaics; (0) stuidanes and m onteroals; ad() trecunacarlan well established and new sensing techniques. Technique
eneormeticn. Th) metrunurs anld. mtherpbical ion pnd o(9 cete anica capabilities ware considered over a full range of lighting and
ionformantin Thervmeetns hen eled, the publiation proded n weather conditions. Combination possibilities of sensors and

consltat arvies rndeed re reseted J..S.Infointation retrieval problems In real time were extplored. Author

11178-1S18111# Advisory Group for Aerospace Rtesearch and
Deveslopmnent, Paris (Prance).
DICTIONARY OP PRENCII TERMS USED IN DOCUMENTA-
TION IDIC'TIONNAIRM DR TERMES PRANCAIS UTIUSES
EN DOCUMENTATIONI
J. 0. Klopp 11974 94 p In PRENCH
IAGARD-AO.'18O: AGAR Dograph. ISO) Avail; NYIS HC 54.75

A dletioniry, coveringj scientific terms used to document
Information, is pliseenteid. Approximately 1440 Items are listed.

Transi. by E.i4.W.

N7# 48167# Advisory Group for Aerospace Research and
Development, Perle (France).
AGARO BULLETINt MEETING, PUIJCATIONS. MEMBER-
SHIP
Jan. 1975 73 p
(AGAND-lu~ll75-11 Avail; NTIS HC S4,26

The Adviaory Group for Aerospace Research and Development
(AGARD) bulletin containing Information an all planned 1975
meetings Is presented, The Information Includes dates, locations,
and descriptions of the themes, A list of all AGARD publications
which were released In 1974 and abstracts of the reports Is
provided. The membership of the various AGARD conitmittees Is
reported In a document which Identified the name of each
representative end the country represented, Author

N76-114037# Advisory Group for Aerospace Research alid
Development, Paris (Firance).
AGARD BULLETINi MIETING@, PUBLICATION$, AND

Jan. 1976 73 p refs
IAGARD- ull-76. 1) Avail: NTIS HC 54.50

Information on the following was presented: I1l all AGARD
meetings planned for tI7B, Including dates, locations, and brief
descriptions of their themes, (2) list of all AGARD publications
released In 1975. together with their abstracts, (3) AGARD
membership latle as of 1 January 1970. Author

N76-19038# Advisory Group for Aerospace Research and
Deveslopment. Paris (France).
AGARD BULLETIN. TECHNICAL PROGRAM 1970
Jun, 1975 30 p refs
(AD-A010370; AGARD.UuII.75-2) Avail: NTIS NC $400 CSCL
05/2

A chronological listing of meetings scheduled for 1976 Is
pieeented. Detailed descriptions of AGARD programs and
publications are Included: these Include panels on aerospace
medicine, avionics, electromagnetic wave propagation, flight
mechanics, fluid dynamics, guidance and control, propulsion and
ensirgetecb, structures and materials, and technical Information,

11111.1 1111
N76-119048# Advisory Group for Aerospace Research and
Developmant, Paris iprancel.
DIRECTOR'S ANNUAL REPORT TO THE NORTH ATLANTIC
MILITARY COMMITTEE. 1974
Mar. 1975 60 p refs
Avail: NTIS NC $5.00

A summary of the scientlific and technical achievements
accomplished dluring 1974 by AGARD was presented. The
following Information was given: (11 meetings held. (2)
publications produced and consultant services rendered, 13)
detailed description of the various Individuai programs. (4)

personnel listing, and iW budget summary. Author
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