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FOREWORD

These volumes have been prepared to provide inforwmation on the US Army Research, Development, Test, and Evaluation Program for
Congressional Cosmittees during the Fiscal Year 1979 hearings. This information is in addition to the testimony given by US Army
vitnesses.

These volumes contain a descriptive summary for cach program element to be financed during FY 1979. Descriptive Susmaries for
projects within the program elements to be financed during FY 1979 for $5.0 million or more appear on buff colored pages
immediately following the applicable program element. HWhere there are several items under development within a project, a
separate susmary has been provided for each itcm that exceeds $5.0 million during FY 1979. A Test and Evaluation Section is
provided for all major weapon systems.

There are twenty-nine major weapon systems descriptive summaries appearing in Volumes II and III. Major weapon systems are
fdentified by an asterisk in the Table of Contents. The formats and contents of these volumes are im accordance with guidelines
and requirements of the Congressional Committees insofar as possible. Information previously provided in the SAC Data Book is
consol idated into these volumcs. The SAC Data Book information appears at the beginning of each program element descriptive

susmary. L

A direct comparison of FY 1977, FY 1978, FY 1979, and FY 1980 data in this _-m.ownhl Eliement Listing with da®a shown in the
Progrum Element Listing dated January 1977 will reveal significant differences. Many of the differences are attributable to
the following factors:

a. Restructuring of the FY 1977 and FY 1978 programs for comparability to the FY 1979 program structure.

b. Reclassificat fon to provide greater visibility and contribute to the effective management of the RDTE program such
as the following:

(1) RDTE Headquarters Management

(2) Jeint Tactical Command and Control Communications

(3) Aircraft Electronic Warfare Self Protection Systems

(4) Further extension of the Single Program Element Funding Concept.

c. An FY 1978 net reduction of $9.555 million resulting from the manpower/spaces reduction imposed by Congress.
The funding information used in tiicse volumes corresponds to that contained in the President's Budget. Procurement data is

shown where applicable for items in engineering or operational development. Military construction data is shown where
applicable.
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FY 1979 RPTE CONGRESSIONAL DESCRIPTIVE SUMMARY

Program Element: #6.11.01.A Title: In-House Laboratory Independent Research (ILIR)
DoD Mtesion Area: #110 - Defense Research Budget Activity: {#1 - Technology Base

A. RESOURCES (PROJECT LISTING): ($ in thousands)

Total
Project FY 1977 FY 1978 FY 1979 FY 1980 Additional Estimated
Number Title Actual Estimate Estimate Est imate to Completion Costs

TOTAL FOR PROGRAM ELEMENT 16545 14722 16000 17500 Continuing Not Appllicable

A91 In-House Laboratory 14545 14722 16000 17500 Continuing Not Applicable

B. BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: This program provides Army RDTE activity directors the opportunity to perform
highly promising and innovative research without having to acquire formal spproval and subsequent funding. It is one of several
measures used to strengthen scientific and engineering competence, improve morale, aid scientific and technical personnel
recruitment and retention, and facilitate commmication and interaction within the sctlentific cosmmunity. Not only does this
program provide the resources and interaction with the flexihility to respond quickly to new technical challenges, it also

serves as s vellspring for fnnovative and imaginative ideas, of which the more promising ones progress into development programs.
Approximately 500 research and development tasks were pursuved in FY 1977,

C. BASIS FOR FY 1979 RDTE REQUEST: This request is based on the opinion that this program is important to Army laboratories and
should be continued at the same level of emphasis. Funds are allocated directly to Directors of participating laboratories by
the Asaistant Secretary of the Army (Research, Development and Acquisition) and are not subject to reallocation by intervening
echelons. This allocation is based on a review of the use of funds and of the accomplishments during the preceding fiscal year.

D. OTHER APPROPRIATION FUNDS: Not Applicahle.

E. DETAILED BACKGROUND AND DESCRIPTION: This program promotes creativity, innovation, efficiency, improved morale, and
recruitment/retention of scientists and engineers by providing funds to maintain or increase individual professional competence
through original work relevant to assigned military missions.

F. RELATED ACTIVITIES: The Navy and Air Force have similar programs. Coordination 18 accomplished through scientific symposia,
literature reviews, exchange of research and technology resumes, and Department of Defense subject reviews.

PECHNOLOGY BASE




Program Element: #6.11.01.A Title: In-House Laboratory Indeperdent Research (ILIR)
DoD Mission Area: f£110 - Defense Research Budget Activity: #1 - Technology Base

G. WORK PERFORMED BY: In-Hlouse Laboratory Independent Research is performed fn thirty-six Army RDTE activities.

H. PROGRAM ACOUMPLISHMENTS AND FUTURE PROGRAMS :

1. FY 1977 and Prior Accomplislments: White Sands Misaile Range conducted a study of the feasibility of designing a short
focal length lens for an instrumentation camera utilizing a rotating priem for us» in tracking high dynamic targets at short
ranges. Testing of the lens demonstrated excellent performance. 1Its use may permit the collection of improved optical tracking
data, and the theory for a new camera with two rotating prisms could ultimately lead to a new family of greater quality tracking
cameras.

Night Vision Laboratory developed a new wmcoded, nonscanning infrared imaging concept hased on a unique thermo-optical
detector process. A theoretical performance analysis indicates that this system wight meet the Army's need for a compact, low
power, low cost forward looking infrared system for man-portable and remotely piloted vehicle applications. Also a passive
visible-to-infrared image transducer has been developed, which has successfully demonstrated simulation of dynamic far infrared
imagery for the first time.

At Dugway Proving Grownd research was undertaken to resolve confusion in the fdentification and the taxonowy of the members
of the fungus family. Such {dentification is important in determiming ecological patterns and possibly in control of the
pathogenic species in their habitats. Dugway’s efforts have demonstrated recognizahle identifying cheracters and clarified
identification of fifteen species.

The US Army Tropic Test Center has developed extensive standardized test procedures and factlities in the areas of jungle
vision, jumgle scoustics, and human performance in the tropics. Research was performed to collect ohbjective performance data to
support the evaluation of the suitability of equipment for use in the humid tropics. The jungle visfon work also provided
substantial imput for a study of target presentation methodology for tactical field evaluation.

The Hmman Engineering Laboratory conducted research to design and build an ammunition transport kit which could be used to
demonstrate and evaluate the concept of using "pod kits” as an efficient means of transferring “base round” amsunition from
battalion amsunition transfer points to tanks operating on the forward edge of the battle area. Such a "pod kit" concept may
minimize time of crew exposure during the process of resupply. .

Combat Surveillance and Target Acquisition Laboratory performed an experimental study to determine the feasibility and
limitat fone of optical parametric oscillators as efficient, tunable optical sources. To support classified optical countermeasure
applicstions, work was concentrated on determining optimum design parameters for an auxiliary module to be used in lasers for
rangefinders and designators. It was found that peak power conversion efficiency of nearly 80, near the theoretical limit,
could be achieved {f pump laser beam divergence could be reduced to levels of about one milliradian.




Program Element: #6.11.01.A Title: In<louse Laboratory Independent Research (ILIR)
DoD Mission Area: {#110 - Defense Research Budget Activity: #1 - Technology Base

Army Engineer Topographic Luboratory conducted research to determine the potential of direct electronic Fourfer transform
devices for the extraction of terrain data frox various types of imagery including remote sensor sources. In addition to the
generatfiom of terrain data and target signatures the technology has poteatial for real time on hoard acquisition of signatures
of target features. The research has combined acousto-optics and electro optics in a unique manner to generate a photocurrent
which contains the Fourier transform of the image.

At the Arwy Materials and Mechanics Research Center research carried out in a mass spectrometer has shown that there are
volatile gpecies formed when certain impurities such as chlorine are present along with hydrogen and nickel. This suggests
that under the conditions In a gun chamber, where hydrogen appears to have a severe erosive effect, there may be an actual
reaction of the hydrogen with the steel, with the volatile species formed contributing to the erosion of the gun tube.

At Matfck Research and Development Cosmand gignificant results have been achieved through the study of the stability of
pressure—stabilized arches and their structural assemblies. In this effort a thorough assessment has been made of the
structural capsbilities of air-inflated structures, particularly pressurized and curved tubes. The design capabilities have
been clarified and extended notably by preparing a computer code for such structures and for obtaining a minimum weight de-
sign. This research effort should lead to substantial improvement of Army inflatable shelters.

The Ballistic Research Laboratory demongtrated a technique of two-step multi-photo ionization using mass spectrometric
detection of sodium atoms. The objective of this technique was to develop a tool for c.mbustion diagnostics. The apparatus
performed exceedingly well, with a signal to noise ratio in excess of 100,000.

At the Fire Control and Small Caliber Weapon Systems laboratory an investigation was undertaken to reach the experimental
velocity limft for the conventional propellant gun and to extend the available irterior ballistic curves. A new conveations\
propellant high pressure chasber was designed and tested in combinstion with previously developed barrels. Using this laboratory
laucher, velocities of 13,000 feet per second for a )1.5 gram payload and of 8,900 feet per second for a 210 gram payload at
175,000 pownds per square inch were achleved. These new data ailow further extension of the available interior hallistic curves
into the hyper-performance regions. This study has resalted in the design of a high velocity experimental tool and the acquisi-
tion of validated experimental performance data to extend the current interfor ballistic data base.

The Tsnk-Automotive Research and Development Command studied high strength corrosion resistant metallic alloys. This effort
investigated techniques for developing high strength, corrosion resistant metallic alloys which cannot be produced using
convent ional melting practices or powder metallurgy techniques. The program concentrated on the procedure of mechanical alloying
vhich provided the mechaniss for forming true alloys from metallic powders. After the alloy powders were mechanically formed,
sintering was employed to prepare test specimens for subsequent metallographic and mechanical property evaluationa. Techniques
vere employed to minimize diffusion effects prior to sintering to enable the evaluation of mechanical and corrosion resistance




B B L
TRFmA “Eha]
L

i

T ey

sEmill |8 i B e pend pajys sujaies [TRsoseluraas g dnaul aew §  cujepnid sdd jeies egy gem gz e el e T

uoyssiH goa
;Juamayg weadoay

T
® djpesavipy yEeyyra "yl

* mEpe IIWR SN LIETEE RS

W uE e e R S LEmdedd

Al snisaba g opmenlp ¥

e
sy

faa |dees @) sa) RN R ajgEle @ @] JElle e enpee) e wpgs 308 ag peen jeesdpebs eddjegend jeos

mi] #N1 WNT PUS JEEmmGE jAne [ERR (s AjENT BT STER| RN Saec Jjdeiveanand sy B pe) A 1eg) paini iemimap smp]] e Cassbaag pey

CHRN] Al T [
sy -l LhmRlagE] 8L

ol

Yy phjEE] piw PR e Es

N g i weyRlsdeypE ew) ) diea
depp® F)ijeies agl ja Lijesip

JEEmiwys JEE)

V101194

- 0114 :®

Apguy el ) yum - W)

ohmsainn prely ) avemenped g¥ iy by wpyee
S EN

e e A peITiIneRE Wi TEw] (@

>ieasdy osu

=ymajpuis pae Cdypasdegp peymary
- dapde @

|
'
i
i
;
5
:
i
E

0] sty W) Bayura; pop (eedidly  Cepedjus wf

dpud oy nidny dnasBosies § Ceupes e y deasl e

i
=parsiye dppmaEagepeappds sa) o) g B W pauen i (=S lee el ¢ jusoooieyues §opus g deopll we eseey) gy peees jipp
B EElyEisbead pEaj sl "Bajdejge
Y Y

ileriia g g ges (o3 le e ey anijmisiep ) pEEBiIeean) djes s gu) e
Wl ppmand
.

#1 o awwpd wjanl ek Sq) a3 pEaejes ey
| - 1

-,y -
il jmdaddd o wedlaaws apepjpe s dopsiesp oy wea ssalaid gpureEsal IR ja

T il e 03 el e jTOoGld)es § dnuil o) sejpug)ue jEppag

Sisjpm dpfyehem j

ohet
Pk Eyh e @ pumausdke=s ol e BN pEppnE gadsessy J0 SRITIeE]  dmay Padg dappen =|L

wj Esjajs ddeseeinre | ssuwireds] g peemjE STpEEEE CEIEITEN] IIEEEEy Sy S 0

fldg e pEapeesdos @yl ) sopelailes |EyussspE e e S paa
Ak e Sl B RERpE Sedk See sdwes w0 g Ay poamg

B0 i e g wedeod Be] jynead

la o map | ds

i Er W ey Pupma) e CEpiogeilles bl i jo i ipjeguey B g | e Eulpe goey
Biee B] 1] CeER mmenw daj anjiriee ¥ ew pasmpiiil Gaadq eey apfoegies

whas iSRG BliegE e g w3 1 T el Bioprjeiiod pus aiss jeawsts o) apmey slawy  Cwenlysgaag 5 e siesoos gy e Suyeesaad

Wugs eauy peEjaEp see aabyejsey wwype)edisluy) . v
W )R] snpassd pun piced pesuidE] @) el aaep wrn e |opos) e |eEessl o] 9 QOrevEs) (WIS O Y]] S W

wy Lewa Jieg) emoy pn peseasl 5 diiesed @ gE aag e

PH=E ey regupeel B ey
N i)

WOBME WAL e e Eql e eyl dEes simjRieles] 8 18 pamin) ey e§ semgd pink

ey gl G mep] WED AT GNP TRE JERaERp sEe 1]
e

el g

poswrulujees eqi ol LRIl

EECND W e sesidepu)e ay) @Bieay ) segel el Swien 0N pEampess pas pedajacep ses wejels lepdegp
dpiusje =
aseg o

whmiE Tl e siee | adaveiiu e y deeil e sEal] e Spfieyasend)odetyy pem s)e pisd pldlynaey e paed wj sy

IPI 0] Rew wjbawnjan, o |
SN moa ) peeisj dupe

Ll

FUTETE P
an W E e e g i) JRepale P lied

Peiindor djpeas gy  Cw) il jEL

fwaampraned BOEIRETRS SR jjIF P dgilee | @ sewpay e piaes UUjyE Ceanin pus peads yilE epogien [Eiuessriei] Ly sppsl) sy
[

i
|
§
:
i
:
'
i
37
|
i
£
:
|
:
i
3
%

wiwh G opmd g enpas dgdiagll dejpjos FgEed sl @] e e Tdeed By e e AiFpESosY SRRl B *m

igr)s emymredde sy ey oEEd PEIGE PN (EEGEE IjEES @ [eREED |es lesgE Uy

Pedmrmey e Eang f skl e
et L VUL P TR e
FREILE MR- e dee G B
ETRLSE o e pmepide (Tosesel)ees ju
LL TR YU TR T
whan uedE JaspEadap
5

YUY ER i ine Eeils)eagie

Bupienl in) (eackddy  ceEEjE 6j J)eddnismey il @jEs sg m=) weepE jius pesgaid sse o gEge s e
i A EIRAp e e aa

i =) pesagljope o & EpEuly s
AUFW) dWIRTRI @ wa] sl

m |




Program Element: #6.11.01.A Title: In-House Laboratory Independent Research
DoD Mission Area: #1110 - Defense Research Budget Activity: #1 - Technology Base

case of the coavolver, and of 5 eignals for the correlator. A four-channel multiplex system has been designed, constructed, and
opersted {n coujunction with the wide-bandwith "two-crystsl”™ correlator. The correlator utilizes a bismuth germanium oxtde (BGO)
and a 11thium noibate (LiNbO3) delay line placed side-by-side. Because of the approximately 2:1 acoustic wave velocity rastio
betwveen _.icu and BOO, respectively, an scoustic signal inserted into the LiNbOy will pass an acoustic signal fnserted earlier
into the BGO. A laser beam impinging on the gides of the BGO and LiNbO, interacts via the acousto-optic Bragg interaction with
both signals. If the LiNbOy signal completely passes the BGO signsl twwsns the given length of the lines, the laser light will
contain the complete correlation between the two signals. In normal operation, the correlation 1s in the doubly-diffracted com-
ponent of the laser light. The doubly-diffracted beam is then able to heterodyne against the undiffracted beam in s mixer diode,
allowing extraction of the radio frequency (RF) information. The multi-signal processor has been successfully utilized to simul-

taneously process three different types of RF signals.

The Aviomics Research and Development Activity research involved tapping the under-utilized sensing capabilities of the pilot,
namely, the kinesthetic/tsctical information channel. The Rotor Plane Control Device (RPCD) was designed according to the
following gwidelines: to display explicit kinesthetic/tactical cosmand signals to the pilot for initiation of control stick
motions; major modifications to present stick were to be avoided; frequency response of RPCD should be adequate for pilot appli-
cations; RPCD should be useable with regular flight gloves; and weight and power requirements should have no influence on control
stick dynamics. The completed system was tested using the Tactical Avionica System Simulator (TASS) and results were excellent.

The Communications and Automatic Data Processing Laboratory formulated new methodology in systems wodeling, simulation, and
analysis utilizing monstationary time series modeling techniques in order to aid communication system engineers in the design,
analysis, and prediction of performance of higher order communication systems. Techniques and software were developed to model,
analyze, and evaluate system performance through application of time-series analysis and modeling. Subsystems were considered,
each influenced by a set of external variables of varying degrees. Analysis of time-dependent data coilected on several communi-

cation systems was also considered. With regard to reliability, forecastiny. and control; time serfes modeling was used to
detect changes in system performance of the gystem process.

At the Electronics Technology and Devices Laboratory space-charge flow t« -y for equilibrium flow conditions was developed
which predicts whether or not a given crossed-field amplifier (CFA) will have stziting delay difficulties and whether or not a
pover dip will occur. In addition, the theory predicts efficiency and the fraction of total power intercepted by the circuit.
Results of the theory have been programmed for the BURROUGHS B-5500 computer to provide s design and analysis tool for CFA
development effort. Results of this work have impacted the Army PATRIOT air defense missile system effort by providing technical
insight for the development of two high power CFA's for the PATRIOT transmitter.
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FY 1979 RDTE CONGRESSIONAL DESCRIPTIVE SUMMARY

Program Element: #6.11.02.A Title: Defense Research Scieances
DoD Mission Area: #1100 - Defense Research Budget Activity: #1 - Technology Base

A. RESOURCES (PROJECT LISTING): ($ in thousands)

Total
Project FY 1977 Additional Estimated
Nusber Title Actual Estimate to Completion Costs
TOTAL FOR PROGRAM ELEMENT 83942 116800 Continuing Not Applicable

AF22 Research in Vehicular 450 500 Continuing Not Applicable

Mobility
ARA2 Research in Materials and Continuing Not Applicable
Mechanics

ARA3 *Research in Ballistics - Continuing Not Applicable
AR&S Research in Fluidics, Continuing Not Applicable
Nuclear Effects and
Ordnance Electronics
AHAS ®Afir Mobility Resesrch Continuing Not Applicable
Al&6 Research in Signal Detection Continuing Not Applicable
and Low Energy Lasers
Electronic Devices Ressarch Continuing Not Applicable
AHAS Electromagnetic Propagation Continuing Not Applicable
and Antenna Research
AHAY Missile and High Bnergy Continuing Not Applicable
Laser Research
ABS1 Cosbat Support Ressarch Continuing Not Applicable
AH52 Research in Support of Continuing Not Applicable
Equipment for Individual
Soldier
#Regearch in Scientific Continuing Not Applicable
Problems with Military -
Applications
#Research in Large Caliber i Continuing Not Applicable
Armssents
Research i Small Caliber Continuing Not Applicable
Armament




Programs Element: #6.11.02.A . Title: Defense Research Sciences
DoD Miseion Area: #110 - Defense Research Budget Activity: #1 - Technology Base

Total
Project FY 1977 FY 1979 FY 1980 Additional Estimated
Number Title Actual Estimate Estimste to Completion Cests

AH63 Research in Electronic 0 100 100 Cont inuing Applicable
5 Warfare
Al68 +Processes in Pollution 0 200 Continuing Applicable
Abstement Technology
BSOL #Pasic Research on Military Continuing Applicable
Injury and Diseasses
B502 Basic Hechaniems of Recovery Not Applicable Applicable
from Injury
BSO3 Medical Defense Againet Continuing Applicable
Biological Agents .
BSOA Identification and Health Continuing Applicable
Effects of Military
Pollutants
Military Burn Research Continuing Applicable
Combat Dental Materials and Continuing Applicable
Techniques
Helicopter, Combat Crew, and Continuing Applicable
Alrbome Medicine
Environmental Stress, Continuing Applicable
Physical Fitness and
Medical Pactors in
Military Performance
Researck in Soil and Rock Continuing Applicable
Mechanics
basic Researchk in Military Continuing Applicable
Comstruction
Research in Snow, Ice and Continuing Appliceble
Frozen Ground
Night Vision Devices Research Continuing Applicable
Research in Geodetic, Coutinuing Applicable
Geographic and Mapping :
Sciences




Program Element: #6.11.02.A Title: Defense Research Sciences
DoD Missiom Area: #110 - Defense Research Budget Activity: #1 - Technology Base

Total
Project FY 1977 PY 1978 rY 1979 FY 1980 Additionsl Estimated
Nuaber Title Actual Estimzte Estimate Estimate to Completion Costs

)

B53A Research in Atmospheric 2736 3500 3315 3500 Contiauing Not Applicable
Scieaces

A71A Regsearch in Defensive 1442 1400 1900 2100 Continuing Not Applicable
Systems for CW/BW

B74A Research in lluman 1008 1199 1290 1701 Continuing Not Applicable
Eagiocering

B74F Basfic Research in Behavioral 2106 1910 2356 2599 Continuing Not Applicable
and Social Sciences

* These projects are covered by separate descriptive summaries.
+ This is a mew project.

B. BRIEF DESCRIPTION OF ELEMENT AND MISSION NZED: Research performed under this program in the physical, biological-medical,
engineering, eavirommental and behavioral-social sciences establishes and supports nev Army capabilities and provides solutions
to identified Army problems. Each project 1s asscciated with a psrticular Army lsboratory or installation. Flexibility exists
to respond to scieatific and technological opportunities. This research program addresses requirements listed in the Army
Science and Techaology Objectives Guide.

C. BASIS POR FY 1979 RDTE REQUEST: HNew and continuing research will provide the Army with improved and advanced weapons and
wvith improved care aand support of the individual soldier, and will be responsive to objectives defined by the Army user.

D. OTHER AFPROPRIATION FUMDS: Not Applicable.

E. DETAILED BACKCROUND AND DESCRIPTION: This program sspyswis rmsmisrh to establish Army technical expertise in the physical,
engineering, mmwiyssssatal. kislagical-medical, and behasisral-seelal sciences directly related to Army needs and to the solution
of identified Lrmy prsklams. [t providea the base for subssgusnt sspisratory and advanced developments in Army related
technologies sl imy wew ar improved military capabilitiss k=i armmi] nev materials for armaments; weapous and sunitions;
alectronics; commmicsiisns] seekers; detectors; surveillsmem amd trssiing systems; propulsion and aerodynamics for missiles;
energy conservatimm| smeTgy tonversion; environmental quality] ssmstrwstion and fleld fortifications; medical and biological
sciences; food; clathimg; svidier support; night and foml westher sperstions; terrain characterization; vehicle mobility;
navigation; sad lmess-wsspsss integration. Research in ila phyaical sad engineering sciences is generally carried out in the
laboratories of thm ill Asmy Materiel Development and Resdimsms Cassssd snd by contracts with industry, universities, and other
Government ageacims fiwm these laboratories. Research sm BisEls 5§ somtracts with the academic community, industry and not-for-
profit organizati=ma, is administered by the Army Research BMfice, == sgency of the US Army Materiel Development and Readiness

9
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Prograa Elemeat: #6.11.02.A Title: Lefense Research Sci
DoD Mission Area: #110 - Defence Research Budget Activity: #1 - Technology Base

US Army Matertiel Development and Readiness Command (comt.) US Army Medical Research and Development Command (cont.)

Communications and Autosatic Data Processing Laboratory, Medical Bioengineering Research and Development Laboratory,
Fort Monmouth, Mew Jersey Fort Detrick, Maryland

Electronics Warfare Laboratory, Fort Moamouth, New Jersay Institute of Surgical Research, Fort Sam Houston, Texas

Mivsile Research and Development Command, Restone Arsenal, Institute of Dental Research, Washington, DC
Alabama Aeromedical Research Laboratory, Fort Rucker, Alabama

Mobility Equipment Research and Development Command, Research Institute of Environmental Medicine, Natick,
Fort Belvoir, Virginia Massachusetts

Natick Research and Development Command, Natick, Massachusetts

Large Caliber Weapon Systems Laboratory, Dover, New Jersey Office of the Deputy Chief of Staff for Personnel:

Benat Weapons Laboratory, Watervliet, New York

Fire Control sad Small Caliber Weapon Systems Laboratory, Dover, US Army Research Institute for the Behaviorsl and Social
New Jersey Sciences, Arlington, Virginia

Army Regearch Office, Research Triangle Park, North Carolimna

Night Vision and Electro-Optice Laboratories, Fort Belvoir,
Vicginia

Atmospheric Sciences Laboratory, White Sands Missile Range,
Nev Mexico

Chemical Systems Lsboratory, Aberdean Proviag Ground, Maryland

Humin Engineering Laboratory, Aberdeem Proving Ground, Maryland

H. PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. FY 1977 and Prior Accomplishments: Materials and mechanics research provided design and construction of reliable Army
structures, mew steels and other new alloys for weapon and armor applications, and predictive computer simulations to assess
material behavior. Wew holographic vibrational analysis allowed sensitive detection of vibration and stress in tank/sutomotive
parts. Isproved neutron radiography was devised to detect structure defects and to measure propellant burning rates. New high
temperature cersmics and composite windshields which resist high energy laser rays were developed. The erosive effects of
gaseous products of combustion in gun tubes were assessed. A hew 19 perforation gun propellant shoved an increase in muzzle
velocity without increased barrel erosion. Fluidics research resulted f{n 13 patent disclosures and twvo awards for amplifiers
with grestly increased dynamic range. The new Utility Tactical Transport Aircraft System (formerly UTTAS, now BLACK RAWK)
helicopter will have a recently developed fluidic flight stabilizer. Research in lasers has provided new millimeter wave length
lasers with predicted and demonstratid poteatisl fcr foul veather penetration and operation in dust and smoke, and new high
quality pentaphosphate laser host crystals for low cost mini-laser applications in rangefianders and designators. A carbon
monoxide infrared laser activated by nuclear reactlon was demonstrated. New, inexpeasive laser-specific reflectors were
developed as countermeasures against threat lasers. In electronics research, ths new pressure oxidation method devaloped by the

11
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Program Element: #6.11.02.A Title: Defense Research Sciences

DoD Mission Area: #110 - Defense Research Budget Activity: #1 - Technology Base

Effects of the stmosphere, (wind, clouds, turbulence) upon propagation of laser beams were provided to Army, Navy, and Air Force

users to predict behavior of their high energy lasers. Improved smoke wndels are now operable for more accurate sssessaent of

obscuration snd operability of US optics and guidance systems in smokes. Atmospheric models were also developed for meteorological

systems required for smoke employment. Resesarch in defensive systems for chemical and biological warfare has resulted in new

improved cspabilities for biological detection, identification and decontamination. Significant progress wass made in rapid methods

for remote detection and identification of air-borne clouds of microorganisme by lasers. Mathematical models of the behavior of

gas mask protection materials, especislly the absorbent fillers, wera developed which predict behavior under several different

atmospheric conditions. Anti-nerve agent poisoning treatment and prophylaxie have been developed. Medical defense against chemical

agents wvas enhanced by the development of systems permitting studies of the spontaneous reaction of enzymes following nerve gas

poisoning. Unique work in the behaviorsl and soclal sciences has resulted in findings on the effects of noise on man, central 1
nervous system functioning, memory and learring ability, perception, and relation of the eye movement of helicopter pilots to their |
performance. Studies in corrzllation of effectiveness of leadership and unit performance were completed; race is not a factor. .
Studies of Army performance and training have produced good information on learning and teaching techniques, predictive models

for mllitary performance, and strategies and techniques for long range career planning and decision making. The safety of antitank
weapons used in city fighting has been assessed. More accomplishments typical of this prograu element are presented in the
following major project and scientific area descriptive summaries: AH43, Research in Ballistics; All45, Air Mobility Research; BH57,
Research in Scieatific Problems with Military Applications; AH60, Research in Large Caliber Armaments; and BSOl, Basic Research on

Military Injury snd Diseases.

e

2. FY_1978 Program: The Army's Defeanse Research Sciences program 15 a broad and continuing program that exploits new
theoretical concepts, experimental data and results. Scientific areas of investigation are usually long term with terminstion or
addition of areas occurring as science advances. The program is modified as appropriate to address new or changed Army require-
ments or problems. Details on lacger projects ian this program element are given in separate descriptive sumsaries. Research in
vehicular wobility utilizes holographic techniques to anslyze vibration and thermal stress in tank/automotive components, and
reflection and transmission of light to furnish surface crack analysis. Studies cf the dynamics of agile tracked vehicles in
steady state and transient modes are being initiated. Other research topice in this area include: polymers for tank chains;
laser designator susceptibility; shock-pressure and adasptive suspension modeling; and ammunition compartment design. Materials
sand mechanics resesrch is concerned with the discovery and evalution of noise damping materials for: helicopter componeants;
metal insulator transition materials for .thermal switches; 3-dimensional modeling of tension failure in laminated composites;
and modeling of projectile produced damage. Other materials research is devoted to prevention of gun barrel erosion, radar
transmitting msterials, high energy laser countermeasure materials and nondestructive testing. The design capabilities developed
for fluidics are being used to develop new fluidic laminar proportional amplifiers. Fuzing, fuze materials and research in
uew fuze power supplies continue. A new Army research plan jin near-millimeter waves has evolved which will support novel work
in generation, propagation snd detection of near-millimeter waves to penetrata fog, haze and smoke. Fundamental efforts
continue in the sreas of quantum electrodynamics, optoc-slectronics, and omoonmovrwonnu\nrolh-nnw of lasers related to new/
advanced system concepts for surveillance, target acquisition, terminsl homing, fire control, communications, avionics, and




Program Element: #6.11.02.A Title: Dezfense Research Sciences
DoD Mission Area: #110 - Defense Research Budget Activity: #1 - Technology Base

optinsl countermemmiives. Present thsnreiiral mifocie shouid coniribsie tw minisiusization, improved performance, reliability
and #fficiemcy of lmswrs in the wid-infrured, fmr infrared aml subwiilissiwr regiess, Research on active reflector filters
to emmmiter emewmy rmillation will oostines. A Wigh coniveat cwibmds rey Dule with » sinfsum of 6 to 1 contrast in direct sunlight
is nesving completims, Elsctrn-fwsdusscent il For displays sre ales studied. [Isproved silicon wafers for integrated
cimuits are anticipatid from mmiipsd low tespstsinreMigh pirsswry saidattes tethmiques. Electron spin resonance, Auger
spultering proffles med silscivirmi ingerfssrs srmiises ars biing =sed o salyae charge defects on metal-oxide semiconductor
strictures. Othes ressarch In sisctvmmis devipes inclsles siectres bsss 1Itheagrsphy, reliability phyeics and failure
mechssiswe, semicoiductars for microeswe (stegraied cicculis, willisster vavs swtarisls and microwvave tubes, ferrite phase
shifieve for redar, surlese scossile usvs dsvless, ==l [ithias elecirelyiie sslis for power supplies. Antemns research
jaclules simlies of disleciric md micrestrip willimeter vove sntemnes snd Lasdeldihi/size limitations of vehicular very

high [regmsry sisssss. Cosssicetfoes i= kol [7-m soess wing wltraviciet trenamission may be possible. This 1s being
stmdind mm u smems 06 resch sroasl sigeal peth shetructioss reussd by simsspheric scatter. Missile related research involves
determinseioe of specils sflects tn mear-millisstes wees imsges sed (olss slisrm 1stss in experimental guidance and coutrol
syatess, Bew stheds (o7 produciog cirborens propsllemes by lasss Lehiles s greaising and sre being pursued. Current
wuih ales igeaivesi alsd tests of rocksi pless effesis on sisslls ssrodymssics] slectro-optical guidance links; superradiant
lasnrs] thevmsl boming seruss rufiectiss sod lexinsscent target swrfsses; guidemcs snd control; and missile launch tube
smtariain, Elertroaic saifars resssrch provides sesss for incressing the sificisncy of electro-optical intercept syatems.
Night wislos resesreh oviglestes sl axplsits pew romoepts Por sensing Cargats, md for image intensifiers for night
gapee il I ol target segulsliion. Arees of conresirEliss STWT Sefl semEwy ressarch and image processing; target
sigaainres bs ifsifed visibilicy comdiilems] There—slectvic duiecilon] ssksnrsd Imsging at 1 to 2 wicron wavelengths;
imeawled duisctore; wsepoied Far infrered imaging seespis; ol oilices ehaygn veupied devices for second generstion infrared
imiging drrices. BEesearch 5 combat wuppari provides s dats bass fos mims deisriisn, for hardening vehicles to mine blaset,
(ot endersissding resciimms b fual mile, sed (o7 (sprowisg alecivical semdustivity of new conductors. These projects solve
prob i s ssbility md ssrries sappori. The imdiyidus] snldier’s weeds srs bached up by rescarch ia nutritiom, food stability
il prmesry ahilities. Othey resverch is dessisd Ls conveiting waals saimrinls fais useful products and optimizing dyes

{or cliothlng md cecaf loge. Smill aliber sropens remsareh inelmies sprical affecis of tracers, analysis of barrel motion,
anid ke iss of vi7l8 bervel swer sl sresion, Resssrch in defesaler sechanisss [or chemical warfare and biological varfare
ahiies felesestal Inforsstbss In sepport of ses binlogicel smd dhendonl dofeses smteriel. Examples of this effort are
impleiny stedies, sdioe] prophylsnis ol therapy For chmival Sgenis, polssning, ssd methods to identify metabolic pathways
iei chemieal sgpesis, Beshss mel ssobhs gresration I8 8 ==jior coms idwsnrien 15 Ehis program. Data will be gathered to develop
protective formmlstions for Lmssct repellmiis and prevesiion of lajwery from grelssged sater exposure, ultraviolet light and
Pfugnl infesiioss, Antigsss reguirsd o develop = sl fnctive matifswsgsl wveccise will be prepared. Nutritional surveys will
e pomi il sl sstritiows] regulressats during stress, dlssaes wud imjwry will ks imvestigated. New procedures for
increasing e sterige [ils of bomem blosd el ks fmvmntigaied. Pesdessuts]l stsdiss of Americen, Asisn and African
iwaoirhegle Tesses will provide ssssntisl deis for sveoinsl deenlopsens ml wesrinss mgainst these potentisl biological weapon
g, The pharsscology, teniciiy s sffiescy of condidets drugs for anrsanl fresiment of vespiratory disesses will be
dererminsd, Pemms of preeenting of jees slosre awd sepiic shach will be ssught md the optimm blood viscosity and state of
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sizssmmier detectors. New concepts for increasing higher tempersturs opavwilan af szirisslc swilices detector mitwiials will ks
s=.iyswd. A laboratory thermo-optical imager concept will be evaluitwd mnd & Ishuwrsiwsy anlld stsis pyroeleciriz iLmmgsr
dsmonsirated. Quasithomogeneous radiation is only partially cohereat (lsamr light is cohermnil sed *1]1l be uvesd ss & spesler if
jamare, Missile-related projected research will include: {interfermmiric lmaging of Lergets sswisg through ss imimrieremis
pattarmj swept gain superradiance as & nev laser effect; and photossmaitiisd ramtimms ta abtsla sed propellemin. Sifemilllsmtss
sirew FEsearchers will continue their propsgation measurements sand begis remstructios of & wos mmisr sperture bl 1] imeter cadar
imsgieg system. Other missile work will concentrate on aerodynamicsd, pripuiaies, simsistion of guidance and immiwml, smd
sptindsstion of missile structures. A nevw project, entitled Processsd is Pullucion Abstesmnt Teshmelogy, ARG, will kegim in

#T 1979 in order to obtain information which can be applied to pollut lum absismsni for krey indescrial ectivities si memitiss
plamis, depots and installations. Mine detection and mine neutralisstion ressarch will ba comemroed with semaliiem meibasls Tav
dwimciing mines, and with the. countermine problem of hardening vehizlss to sins desmge. Elscirmeatslysts and slscirockssdcal
sceivity vhich may increase efficiencies of fuel cells snd new highly semdssiing graphitan fnr wes in electrical powar jgemsrsd ik
ad framomission vwill be explored. Nutritional staadards, food amalywis amd cowpemiilss, sl Intmrection of mlcTeoTganimss Witk
food sl with materials, such as cellulose, continue to be isportant stwas wf reassrch for #uldisr support. Fire Camirel smd
f=all Csliber Weapons Systems Laboratory will conduct studies on tha malssism of Light fres Ersest bullets and contimms To smylay
isljh mpied neutron radiography to record behavior of plastic ssbots im ifa bars. Im ths klsssdirsl sciences, the comse wf dissass
amid of psychiatric casualties will be studied in order to establish prewstive msd tharspestis prucsdures. Ilmprovemsmrs will ba
madé I blood and fluids available for rapid resuscitation as well ma impiwwrsssis in seihods Far Frevention or tramimmsi af
shoeh, infection, and post-burn respiratory complications. Fundamenis! bilslagical, Wischemica® sad tweunologic stwiliswm af
sslectml agents perceived to be candidates for use as biological wedgsma by Emamy forces will lsad ko production of maw wamcimssm,
Tha lmmsrrhagic fever viruses will continue to be of primary interest, Wew faxicolagic fTesim wiich are highly senuiciss =mid
fuisifwely inexpensive for assessing environmemtal pollution will ba devalepsd. New sppilcoaiiss fov biodegradable exramics &8
jmed Lissue replacement following maxillofacial injury sad the suitallivy af waveral damisl prosthesis ssterials will ba
diisrmined. Identification and assessment of the physiological effaxis af wvirmimmuial hagards wi combat snd traimimg im mrew
ssrvad seapon systems will be given major emphasis. Of special intarmat will ke ihe blescommiical affects of stealy siwmim lmpulsa
naiss. Basic studies will include determination of risk criteris sid sxplurmiios &f murmal smi slsstronically enhmmewdl lemam
ayuiss capsbilicies consistent with operator efficieacy and safety. Hathemagical sndels of seviroskentsl stressord fat [lnid e
will b improved. Basic mechanisme of the cellular and orgamic changss ihat siser Ia bhe bady (5 hersh environments sl Ehels
impact #n combat performance and recovery from disease and injury will ke Ivwastigsted. Tyulcal performance standards will be
sstahlished to insure compatability between job assignment and indtwides] phywicil sbiliciss, lsbsratory toxicity srwsl jmm wf
amcika snd obscursnt components and detailed medical and specialized bisiegical serwsillsmes of pefssanel exposed to mmalkiad Emd
akgcurmits will be {nitiated. The decrease in project BSO2 reflects Fiducsd mmphasis &= mutritisesl and dermatologizal iisssses.
Ltmsspharic research will continue in small scale meteorological prac=swss s ald artiilsry fire esitrol, and in the dssign &f
Femsis Bensor systems for prediction of degradation of leser beams f Iha wimemphate, Opilral characterization of matursl mad
hats lifield serosols in the 3 to 5 micrometer, 8 to 14 micrometer, sl is iha &lllimstes wavalmmgih spectral regiomsm will prewiis
iufsgmaiion to enhance land force operability in adverse weather, ssmiis mndl dumt. tsfessiss spstssm for chemical mmd kil&loglesi
smrfacs will involve laser flourescence detection of biological sers#mls im real Fims snid warkl im sspport of defensn nmalmat
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Program Elemsmt: §4.11.02.A Title: Defense Research Sciences
sl Bleswiss dres: §110 - Defense Regpearch Budget Activity: #1 - Techuology Base

temparsturs prmcamning of silicon vafers, charge defect analysis of semiconductor basis materials, resist systems for electron
beam liilksgruply, hmtter diagnostics for defect detection, and nev galluim-arseaide-indium-phosphide semiconductors. Theoretical
and mmparisssis] surk vill be continued for improved Army communications. It is expected that work will be completed in

cohessnt lmsging ssd high resolution radar in the submillimeter range. Decisions will be made on the usefullness of swept gain
supesrradisms lasar pulse generators in miseiles, and on the use of laser funduction to produce missile propellants. Activities

on high ssargy lasare will depend upon FY 1979 results but new laser concepts will continue to be investigated and assessed for
ailitary spplicwiishs. Night vision research related to visusl image processing, battlefleld surveillance, target signatures

in clesr #md liéslessnt weather, and in emokes will be conducted with emphasis on highly sensitive componentry and arrayed
receivasn. Melsurislogic and atmospharic phenomena with special emphasis on measurements during the FY 1979 solar eclipse

will s ssalyssd ssd results used to validste and improve weapon effects and communication models. Electronic warfare

concopia s smisslstion with quasihomogeneous light sources will be extended. Power supplies and countermine research will
contimss fmelmiing aptimizacion of fuel cells and pover conductors, and methods of mine detection. Food analysis, standardization
and deterisrstiom, food acceptance, snd diet and menu optimization will continue to be important subjects for research.

Small s#liksr srmsssnt research will concentrate on fire cortrcl concepts for the Army. Research on military disesses will
emphis#iss w=crinaw sgainst diseases characterized by high morbidity. Medical defense against biological weapons will emphasize
biolagle priscigles isading to new and improved vaccines, rapid and accurate diagnostic procedures, and more effective means

of trestmemt. Wew Lowicological tests for pollutants will be evaluated. Fundamental research on management of combat casualties
will smpississ rapid vesuscitation, wound and burn protection, and attenuation of shock effects. Dental research will include
explavatles of full spplication of neutron radiography and further development of photographic data transmission capabilities

that will Lesd ts sess rapid diagnosis and surgicsl repair of combat wounds. Studies in psychophyaiology of vision

and mesmd will lasd 1% improved crew performance and safety. Enhanced adaptib.lity and survival by the soldier in environmental
extrames with improved performance will result from continuing gtudies on environmental stress. Psychological effects of hot

end cald smwirmssswis will be decarmined. The mechanisms of injury will continue to be of primary interest. The methodology

for datsrmimimg i%e rlsemical charscteristics and toxicity of smoke and obscurant components will continue to be improved. Efforts
in resnts dstsstiss o] microbial attack and nullifying incapacitating effects of chemical attack will continue both in-louse and
by cosmfrssy, M mwlies will be investigated for their infrared scresning capabilitfes, optical and emissive effects and to
understasd puriicia wise and dissemination phenomena. Approaches to screening against microwave and millimeter wave threats will
be espleiisd, Hmmic velationships between the geological sciences and engineering will be established in the area of soil and
rock mschamics, Sssssrch in military constiuction management to guide long-term comstruction planning and research leading to
knowindige fmr ¥Ths wsdisction of energy engineering cocts will be continued. Properties of cold region soils, snows and ice, and
factars im pradizt Fubture environmental trends to enhance our operability in cold regious will be explored. Scientific areas of
resentch is geodssy sad mapping sciences will include: highly precise determination of contours and grading, automated techniques
for paitsrm tsoegmiiicn, completion of aserial photo analysis of selected foreign terrain, and analysis of multiple scattering of
electremsgust s @ignals from topographic surfaces. In FY 1980 the Army Research Institute will concentrate on development of
criteris e svalustisg training program effectiveness, development of a basis for predicting or controlling more efficient use of
sanpEssT resleross, sitempts to ideatify performance oriented training concepts, and development of a methodology for improvement
of unil pesinrmssss. The Human Engineering Laboratory's projected work will bs in the areas of acoustice and sudition to predict
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and define effects of noise-induced hearing loss and estsblish safety criteria. Research will continue to examine how an
individual's perception of control of s situation will enhance humen performance, Efforts will continue to stress the significance
of periphersl vision vhen it §s related to specific military operator tasks. The planned programs for FY 1980 in the larger

projects in this program element are described in separate descriptive summsries.

S. Program to Completion: This is a continuing program.




FY 1979 RDTE CONGRESSIONAL DESCRIPTIVE SUMMARY

Project: #All4) Title: Research in Ballistics
Program Element: Ticle: Defense Research Sciences
DoD Mission Ares: 110 - Defense Resesgrch Budget Activity: #1 - Technology Base

A. DETAILED BACKGROUND AND ummnwuv.—..mlohn. The objective of this research program is to advance the scientific areas of propul-

sion dynamics, launch an flight dynamics, warhead dynamics and mechanics, blast and kinetic energy projectile mechanisms and
effects, ballistic protection, mathematical analyses, systems statistics, and decision theory. Major areas of emphasis in this
program are devoted to the understanding of the processes involved in the operation of a weapon system such as the mechanics in-
volved in gun barrel wear and erosion; the chemical kinetics under conditions of high temperatures and pressures in explosives

and propellants; fluid dynamice and heat trsnsfer involvea in combustion, detonation, and incendiary processes; aerodynamics of
projectiles, rockets, and missiles; and continuum mechanics controlling the interactioen between explosives and metal, This research
1s a continuing integrated effort to provide the fundamental scientific and engineering base necessary to advance the myriad of
weapon technologles. This effort is relevant to the entire spectrum of weapon systems ranging from small arms to large projectiles,

aissiles, and warheads.

B. RELATED ACTIVIT : This research is related to efforts performed by the Navy, Air Force and the National Aeronautics and Space
Administration. Coordination is accomplished by program reviews, exchange of program data sheets, research and technology resum:s,
technical reports, end liaison and attendance at scientific meetings and conferences. At Department of Defense level, coordination
is achieved through program reviews sponsored annually by the Office of the Under Secretary of Defense for Research and Engineering.
Broader multinational coordination is achieved through joint participation of Australia, Canada, United Kingdom and the United
States in The Technlcal Cooperation Program, and participation in the North Atlantic Treaty Organization Advisory Group on Aerospace
Research and Development. Dats exchange agreements exist on various aspects of ballistics research with the Federal Republic of
Germany, France, and the United Kingdom., This project is planned and executed in close coordination with all laboratories in the
Army Armament Research and Development Cormand, which includes the following researcih projects and titles: Al60, Research in

Large Caliber Armaments; AH61, Research in Small Caliber Armament; and A71A, Research in Defensive Systems for Chemical Warfare/
Biological Warfare. The project is also closely coordinated with AHBO, Ballistics Technology and with elements of the Ammy
Research Office Project BH57, Research in Scientific Problems with Military Applications.

#i: This project is performed or managed by the Ballistic Research Laboratory, Aberdeen Proving Ground, MD,
sifars 18 augmented through coatracts with universities, industry, and other government agencies. Principal contracts
srn jplemssd Fer BExientific Research Aasociates, Glastonberry, CT; Dyna-Fast, Wayneswood, PA; Stanford Research Inetitute, Menlo
Fark, CA] Calspss Corporation, Buffalo, NY; and Consolidated Development Corporation, Saltville, VA, Four additional contracts
wre amticipeted spproximating $100,000., Direct support to Research in Ballistics is also rendered through the Army Research Office
wadsi Frujest BI3J, Research in Scientiflc Problems with Military Applications.

D. PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS :
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1. FY 1977 and Prior Accomplishments: Techniques and equipment have heen developed which ailow photographic observation of
the burning surface of 1iquid monopropellants. Gun tube erosion was studied by the use of nitrngen implantation. The heat transfer
code was modified, validated, and used to analyze gun tube erosion problems. Burning rate data was ohtained for conventional single,
double, and triple as well as nitramine base propellants. The high pressure interface conditions hetween lightweight sabots and
high density penetrators were needed. New method was developed for calculating stress near a discontinuity in loading. The sabot
diascard and subsequent aerodynamics interaction with the projectile were modeled. Codes for computation of Magnus Effect on super-
sonic projectiles were modified to render good accuracy. Study to measure the actual flight forces acting on full scale projectiles
show hope of identifying devices that can survive high-g launch and yleld adequate data. Successful calculations were made of fre-
quencies of a liquid during spin-up. Jet strengths of shaped charges were estimated using one dimensional stability model. Vulner-
ability study showed that both vulnerability reductfon and logistical simplification are ponasible through fuel change. Fire extin—
guishing agents were shown to suppress the vapor phase of a propellant fire. Innovative armor concepts were investigated for the
defeat of kinetic energy penetrators uaing sub-caliber techniques. Continuing progress was made on flow reactor system for neutral
species detection and assembly of codes tc study gas—phase chemistry of neutral species. A gas—dynamic model of muzzel {low was
verified for predicting blast interaction with emerging projectiles. The effect of asymmetric muzzle device on dispersion was

measured,

2. FY 1978 Program: Search for solutions to the basic pacing problems in the various technical areas of the project continue.
For consolldated propellant charges, relationships between methods of preparation, physical properties and combustion characteris-
tics are being developed. Burning rate data are being obtained for standard and newly developed propellants at pressures up to

1000 megapascals,

For 11quid propellsnts, burning rates, are heing measured, energy release characteristica and Ziame products are
being identified, thermochemical properties are being determined, and the hazards are being assessed. Hydrcxlammonium nitrate base

monopropellants are the primary propellant tested. In physical and chemical mechanisms of in-bore intecactions, emphasis is on
wear and erosion of gun tubes, in-bore dynamics, and mechanical behavior of solids. Tests in the shock tube gun are designed to
allow parametric isolation of the effects of gas pressure, temperature, and gas flow, and the effects of gas flow on heating and
erosion in the region of pure melting of steel. The wear reducing mechanism of additives is being deduced., In inveatigations

of launch and flight dynamics, gun launch signatures are being measured and classified. Detalled boundary layer profile data

are being used to determine the degradation of accuracy in computing the magnus effects on shapes with boattailed after-body. TIn
warhead mechanics a major objective is to Jevelop a good understanding of the mechanisms involved in the initiation of detonations
and violent reactions in explosive charges subjected §o various stimuli, and to define thresholds for ignition and initiation of
high explosives subjected to fragment impact and crushing. Shaped charge research is predicting the temperature of jet formation
and examining unsteady jet flow and jet breakup problems. Terminel effects and armor dynamics research is calculating pressure-
time surface histories. J-dimensional models of kinetic energy penetrators are being developed to determine the quantitative defor-
mation mechanisws. Strain tests are being performed to a:’ahon in optimm designs of armor and penetrators.
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3, FY 1979 Planned Program: The FY 1979 program will: determine the dominant mode of erosion in hypervelocity guns;
develop an interior ballistic code for consolidated charges; provide analysis of plastic sabot applications for 30-40 millimeter
projectiles in hypervelocity systems; expand the interior ballistics mathematical model for 1iquid propellants and evaluate
candidate propellants; upgrade models of ignition and combustion of propellants; obtain better understanding of stability
problems in high length-to-diameter-ratio hollow projectiles being considered for training rounds; provide Magnus computational
model for projectiles with slender boattails; complete the model cf fragmentation process and parametric evaluation of the
efficacy of controlled and preformed fragmentation techniques; complete stability analysis of shaped cherge jets; complete
quasi-one dimensional model for jet formation from rotating shaped charge liners; model the best composite penetrator configuration
and materials to defeat spaced armor; select the best combinaticn of fiber and matrix materials for complex armors and specify
optimum anisotropic configuration for defeat of general classes of penetrators; evsluate elastoplastic constitutive relations
through use in predictive codes and comparison with experimental data; exploit aultiphoton ionization mass spectrometry and
optoacoustic effects for flame disgnostics; characterize the electronic structure of nitro-compounds and its influence on
the controlling processes of solid propellant burning; and apply monoenergetic X-rays to the high-speed in-bore analysis
of propellant gases. The increase in funding is provided to render priority emphasis on the critical problems of gun tube
wear and erosion and armor penetration. Research in Ballistics involves 65 professional researchers and 59 support persomnel.

4, FY 1980 Planned Program: The FY 1980 program will continue progress in delineating the effects of recolil impulse,
rate of fire, and weapon configuration on the effects of temperature distribution and heat transfer in gun tubes; the dynamic
behavior of the projectile during the engraving process and through the bore; and effect of interior ballistic variations
caused by tgnition, combustion, or gas-dynamics phenomena at high pressures and high temperatures. Research in wodeling and

experimentsl veiification of the launch environment of projectiles and veapons systems; the characterization of the flight
environment of multi-range, special purpose ammunition; and improvement of kinetic energy penetrator materials and models
of kinetic energy penetrator-target interaction will continue. :

Program to Completion: This is a continuing program.

Major Milestones: Not applicable.

Resources ($ in thousands):

Additional Total
to £stimated

FY 1978 FY 1979 Comp letion Cost
5760 6486 Continuing Not Applicable




FY 1979 RDTE CONGRESSIONAL DESCRIPTIVE SUMMARY

Project: #AH4S Title: Air Mobfility Research
Program Element: #6.11.02.A Title: Defense Research Sciences
DoD Mission Area: #110 - Dofense Research Budget Activity: #1 - Technology Base

A. DETAILED BACKGROUND AND DESCRIPTION: This project supports research to advance the state-of-the-art in rotary-wing aerodynam-
ica, structures, propulsion, and mathematical models. The ovbjective is to expand the technologies {n those areas which are most
likely to produce improvements in operationzl effectiveness, safety, survivability and life cycle costs of Army aircraft. Aero-
dynamics research is orifented toward advanced airfolls and rotors and will address basic fluld mechanics, acoustics, dynamics,
control and flight simulation. Structures research {s oriented toward advanced materials and structural concepts such as advanced
metal and composite aircraft components. Fatigue and fracture characteristics of these materfals will be investigated and fracture
coatrol procedures and techaiques will pe developed. Propulsion research will be directed at small engine technology to improve the
internal aerodynamics of combinations of compressors, combustors, and turbines, and to increase turbine operating temperatures.
Mathematical modeling research will develup mathematical techniques applicable to problems assoclated with air mobility research.

B. RELATED ACTIVITIES: This project supports the Army's aeronautical research program conducted in joint participation with the
National Aeronautics and Space Administration (NASA) in accordance with the agreement between NASA and the Army. Related research
is performed by the Navy, Air Force, Department cof Transportation, and Department of Energy. Coordination to eliminate undesirable
duplication within the Department of Lefense is accomplished by program and topical reviews; through the exchange of program data
sheets, research and technoclogy resumes, and technical reports; and by inter-service liaison and visits. Broader coordination,
‘including intemational coordination and cooperation, is accomplished by participation in the Quadripartite Standardization Program,
The Technica! Cooperation Program, NASA Research and Technology Committees, and the North Atlantic Treaty Organization Advisory
Group on Aerospace Research snd Development. The program supported under this project is closely related to, and planned in con-
junction with, the scientific program of contracts and grants with industry and academic institutions that is implemented by the
Army Research Office under project BHS57, Research in Scientific Problems with Military Applications, and the technology program
.u:vvannmn under element 6.22.09.A, Aeronautical Technology.

[
{C. WORK PERFORMED BY: This work is performed by the Research and Technology Laboratories of the US Army Aviation Research and
'Development Command. The lsboratories involved are located at Moffett Field, CA; Cleveland, OH; and Langley, VA. Much of this
‘work i{s performed jointly with NASA Research Centers at these locations. The top 5 known contractors for FY 1979 are ADVEX,
Newport News, VA; Boeing Vertol, Philadelphia, PA; Creare, Inc., Hanover, NJ; Pratt and Whitney, Fast Hartford, CT; and United
Technology Research Center, Easst Hartford, CT. The remaining contract program involves nineteen contractors for a total of
lapproximately $1,050.000.

_c. PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. FY 1977 and Prior Accomplishments: Two dimensional tests of rotor sirfoils at full-scale operating conditions have been

_nclvuunoa on four airfoils of varying thickness. Analytically, the aerodynamic operating conditions for airfoils as a function of
span and mission segment have been defined for rigid blades. The source of the large vibratory loads on the retreating blade has
Won: traced to dynamic stall, while the factors irfluencing dynamic stall have been traced to the blade upper surface turbalent
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boundary layer rather than the leading-edge-bubble bursting as orfginally hypothesized. Transonic numerical codes have been devel-
oped to provide twvo-dimensional unsteady lifting blade lrad calculations and have been extended to include three-dimensional ncn-
lifting transonic calculations. These codes have been checked with experimental dats. The lsaer velocimeter has been demonstrated
io the wind tunnel and the pitch rig was demonstrated in the Transonic Dynamics Tunnel. Program Rotor-Body (PRR), and Flap-Lag
Alr Resonance (FLAIR) have been developed for understanding rotor instabilities, preliminary design, and detailed snalysis of rotor
blade stability characteristics. The in-flight acoustic measurement technique was utilized for the Source Selection Evaluation
Bosrds on both the Utility Tactical Trensport Aircraft System (formerly UTTAS, now BLACK HAWK) and Advaaced Attack Helicopter (AAH).
The data have improved the ability to analytically uodel rotor aserodynamic nofse. A mathematical sciution has been cbtained which
describes the details of the three-dimensional airflow through an 8:1 pressure-ratio, centrifugal-compressor impeller at one
operating point, including the effects of viscosity. The presence of feedback or functional loops in the design of mecharical or
electrical equipment can often make trouble shooting and diagnosis of malfunctioning hardvare a challenging, 1f not impossible,
task without replacing the entire plece of equipment. A theorem established during FY 1976 concerning optimal faul: detectiom
technique for loop-free systems has been extended to cover physical systeme containing functional loops.

I. T 1378 Program: Two-dimensional tests are being conducted on redesigned inboard sirfoil sections for utility type heli-
coptar Totars. Six advanced airfoil sections are being tested in the 7 x 10 feet wind tunael to obtain dynamic stall dsta. The
wipd tummzl is being used to investigate active means of controlling or modifying dynamic stall. The demonstrated oecillating
plich rlg sapabilicty for sinusoidal as vell as random oscillations of full-scale blade uections is being used to test a production
fimimsed lellcopter rotor blade section. Existing three-dimensional non-lifting unsteady small disturbance transonic potenzial

mils i miw being extended to provide calculations for 1ifting rotors. The angle-of-attack sensor system fabrication is being
comyi lated smd flight tested on the observation helicopter (OH-53). Laser velocimeter in the 7 x 10 feet wind tunnel is being used
o sssmmrs Erailed rotor tip vorticity for several rotor tip planforms. Tests in support of the hub/pylon drsg reduction program
are bsimg mssducted. Theoretical efforts to define noise generated by blade-vortex interactions are being initiatead. Tests on
sarisss ialud systems to obtain performance and noise data for hovering rotors are being conducted. The combined c*.euretical and
amparisesisl study of the airflow in high pressure-ratio, centrifugal compreisors is continuing. Detailead messurements of this
sirilms arm bsing made using laser velocimetry. This data will be used to validate and refine the mathematical solution previously
dewvelopeid. The Army work on special coatings for Ligh-temperature ceramic msterials to improve impact strength (toughness) is
b#img ¢estlsssd under National Aeronautics and Space Administration (NASA) sponsorship as part of a joint Army/NASA program. Army
rasamrch s csramics 1s an attempt to develop a pressureless sintering technique for obtaining dense high-temperature ceramic
ssiarisls in complex shapes with usable structural properties. Combustor research includes: initiasl variable geometry combustor
imwiimg om » winmgle bumer unit rig including flame stability and noxious oxide emissions testing and testing of premixed,
pirvaparised fuel systems designed to reduce pollutsnt emissions. Recent efforts have developed two computer codes; s two-
_t_lslulll_. 1ifting unsteady flow code and a three-dlmensional non-1ifrting wunsteady flow code. The latter computation has
iprodeced smiformly excellent comparison with experimental rotor data. To account properly for the rotor blade flow field,

....—_...- w=rl is being extended to include the full tlhiree-dimensional unsteady 11fting computations.
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3. FY 1979 Planned Program: A rotor blade section optimized with respect to unsteady flow conditions will be designed.
Validation of unsteady two-dimencional airfoll dzta by means of model rotor tests will be initiated. Tests will be conducted on
the pitch rig to provide new information on shock/etall interrelationships. Rotor blade tip planforms which shcw decreases in
the waximum velocity of the trailed vorticity will be selected for wind tunnel testing. Trailed vorticity trajectories will be
determined. The hub/prlon drag reduction investigation will continue. Structural optimization techniques to reduce blade loads
and vibrations will be investipated. A concentrated effort will be initiated to mathematically model blade-vortex interaction
noise. Data from hovering tests of model rotors with different grometric configurations will be analyzed and published. Opti-
mization of the pressureless sintering procecss for high-temperature ceramics will continue. Initial attempts will be made to
form complex shapes such as turbine blades and nozzle vanes. An ongoing program of research on abradable gas path seals will
demonstrate the ability of such a seal to withstand 1000 thermal shock cycles at 2400°F material temperature. As part of this
effort, an advanced theory of material wear will be completed. Efficient, long-life, hiph-temperature gas path seals are a
vital neceasity for the development of advanced, high-temperature ga3 turbine engines in the smaller sizes of interest to the
Army. The develcpment of technology for hybrid composite structures * 111 contfnue. The increased funding will continue
spproximately the same emphasis on air wmobility research. This project will support 153 in-house personnel.

4. FY 1980 Planred Prugram: Emphasis will be on establishing and validating realiatic design criteria, estasblishment and
acceptance of standardized two-dimensional test techniques, and two-dimensional tests of candidate airfoils through analytical
design of airfoil families for specific rotor migsions, two-dimensional tests of resulting airfoils, and oscillating tests and
scale model rotor tests of promising airfoil candidates. Efforts will continue to alleviate or scften dynamic stall and experi-
mental results will be vsed to modify current analytical techniques and to identify regimes requiring further investigation.
.The coupled rotor-body analysis will be improved and extended. Rotor configurations with potential for nofise reduction and
with minimum impact on performance will be tested in the 7 x JO feet wind tunnel. Laser velocity measurements will be made on
:various centrifugal compressor impellers. The pressureless sintering process will be used to produce usable engine hardware
'made of high-tempersture ceramics. Seals research will include the developwent of an advanced set of fretting criteria. Efforts
will continue to apply the full three-dimensional non-11fting unsteady calculations to blades on non-rectangular geometries.

1
1

S. Program to Completion: This is a continuing program.

6. Major Milestones: Not applicable.

7. Resources ($ in thousands):
Additional Total
to Estimated

FY 1979 FY 1980 Complezion Cost
5210 5700 Continuing Not Applicable
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Project: #BHS57 Title: Research in Scientific Problems With Military Applications
Program Elesent: #6.11.02.A Title: Defense Research Sciences
DoD Mission Area: #110 - Defense Research Budget Activity: &1 - Technulogy Base

A. DETAILED BACKGROUND AND DESCRIPTION: This project supports research to incrsess kuwisige in caibessiios sod Che phpwical,
engineering, environmental, and biological sciences diractly related to long-iwim weilimal sscurity sesds emd to the ssleciom of
identified milicary problems. It provides part of the base for subszequent smplzralury a=d alvancsd drvelopmenis in Dol s
related technologies and of nev or improved military functionsl capabilities im Evmas wischk s semmmicatiens, deldsorios, mresking,
eurveillance, weapons, munitions, aircraft, missiles, propulsion, land vehislmi, jgwliliics s=d weniTel , nevigelion, wnaigy
conversion, materials, armor, structures, military coastruction, and personaxl wuppsit .

Physics research is directed im ths discuvery and exploitation of concepts, phssssmus, Ewcimirses snd dats that fan k= skpected
to improve military weapons, squipmsst sl practices. Emphasis is on eurvelllas=as, comemivel lons, woapiss gsildence, redar and
non&.-ano. Research in chemimiry costtilwtss to the molecular technology bams ssssmiisl im wolvisg tha Arey's reguirssssis in
cemouflage, decontsmination, developsssi sf high energy materials, and the synthesis ‘el pattinmg compoumids, slbenvna, amd other
new materisls with special elgcirlcal, sagsetic or optical properties. The malhsmsiles program Is gulded by =0 ohjsctives:
‘advancement of mathematical comompis mnd Lools that sre s prerequisite for a sirmmy pethmology base in ballisiles, hesi transfer,
testing and computer gmfiwmraj snil rsspsisiveness to Army research, developmeni sl opafellsal speacies i the salwilss of their
critical problems., Ths slmsiremics Fregram is described in & separate descripiive miummsry. Oeosrizmcaw (svestigariome in the

. atmospheric and terresirisl srass prewide the technology to mest the Army's gouls for sceurste wesiher inforssiiss, sdapting Army
vehicles and military emmsirsstién &= the natural environment, improved mapping iid nevigetion, impreved trafflosksility and
mobility, and operatimj i@ tha sawsss desert-polar-tropical regions of ths worlid, Hilslagicil sslssoss cwsass=h in such areas

| as blochemistry and bisphyaizs is dirsited toward maintaining the well-being of il suldiss sud ibs devslogmant of an sdequate
!chemical and biological wmapsss dnfmsss copability. Metallurgy snd materials Fwesarch sentributer satasials fav mobility,
firepower, and personssl prsismeciiom fu¥ the Army through exploratiom of novel phansmmss msd gamaraiisn of mes wsderstaading of

. the processing, strucimrs, pitgpurtiss, degradation and protection of materiasls. lsmsmichk i weciiesl=s il msTmiautics covers

| the flelds of solid meclsmics, (luld mechanics and power generation with tie objentive =l ssiahlisking u scismiific base for
improving performance anil reilahility while reducing rost and maintenance requirmmsnis &f wespoms, srmsy, aifuciures, propuleion

devices and ground smi air mskiliyw.

‘This project is divided into scientific areas as follows: Ol-Atmospheric and Terrestrial Sciences; 02-Biolcgical Sciences;
,03-Comrmunications Engineering and Electronics; 04-Materials; 05-Mathematics; 06-Mechanics and Aeronsutics; 07-Physics; and

| 08-Chemistry. These broad groupings of research derive from the strong nead of the Army to participate in and sponsor work in
i the sclentific community for the development of new knowledge that contributes to the improvement of Army equipment.

B. RELATED ACTIVITIES: This program, which is completely extramural, is coupled with and related to in-house laboratory work
i{n the Defense Research Sciences, and close coordination is maintained with both the admintistvators and bench scientists in the
laboratories. The Navy, Alr Force, National Aeronautice and Space Administration, Departmznt of Energy, Nationsl Science
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Foundation, Department of Interior, National Bureau of Standards, Department of Health, Education and Welfare, other government
agencies, government agencies of allied nations, and the industrial community conduct related research. Coordination to assure
no unnecessary duplication is accomplished by program reviewe; exchange of program data sheets, research and technology resumes
and technical reports; interservice and interagency liafson; and attendance and particlpation of Army representatives at annual
reviews sponsored by the Office of the Under Secretary of Defense for Research and Fngineering. Coordination occurs through
sponsorship of meetings and conferencea, attendance at professional and scientific soclety meetings and review of sclentific
literature.

C. WORK PERFORMED BY: This program of grants and contracts with academic and not-for-profit institutiona and industrial
,laboratories is managed by the U.S. Army Research Office, Research Triangle Park, NC. The top five grantees and contractors are:
,Massachusetts Inatitute of Technology, Cambridge, MA; University of Wisconsin, Madison, WI; University of Illinois, Champaign-
Urbana, IL; Stanford University, Stanford, CA; and University of Southern California, Los Angeles, CA. There are in addition
188 grantees and contractors. The value of the additional grants and contracte is $19,715,000.

!
iD. PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. FY 1977 and Prior Accomplishmentg: Simultsneous detection of atmospheric and ocean floor shock waves has been found to
have the potentiality for early warning of ballistic missile launchings. Techaiques have been developed which will greatly
‘{mprove methods for evaluating the biological effects and hazards of microwave radiation. Advances in materials processing have
‘improved reliability and reproducibility in casting of metals, stronger welds, protective coatings for turbine alloys, high-
‘temperature turbine ceramics and graphite with electrical conductivity comparsble to copper. New methods have been found for
“-o~<n=u free surface and moving boundary problems, which arise in a variety of applications such as heat transfer in gun tubes,
~»=nonnon ballistics calculations, and fabrication of semiconductor devices and integrated circuits. A systematic and concise
,method has been developed for the analysis of helicopter rotor noise. A unijue series of glasses have been discovered exhibiting
'slectrochromism and photochromism, leading to the possibility of a completaely solid state electrochromic display which may be
{fabricated in a wide varlety of geometric configurations. Progress has been made in developing new routes to the synthesis of
energetic nitro compounds having promise of reducing the enormous quantities of polluting by-products in the production of

“nn»E»nHOHOnconu (TNT). Accomplishments in the electronics area are reported {n a separate descriptive summary.

; 2. FY 1978 Program: The program is balanced between work responsive to a stated need, work which supports an ongoing
!program at an Arwy laboratory, snd higher risk work directed to long-term potential contributions to future Army technology. The
mvnonnml in the electronics area is reported in a separate descriptive summary. Research in the areas partially listed here will
iprovide the Army with the most advanced equipment and will enable it to be respoansive to its changing needs: instabilities in
[solids; extension of the useful range of the electromagnetic spectrum; identifying the fundamental forces that govern the mechan-
!1cal properties of metals and alloys; physical basie for exploitation of materials having unique properties; exploitation of new

phenomena and invention of new device concepts with potential for dramatic i{mprovements in coswmand and control system
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capabilities; application of structural dynamics to road vehicles, helicopters and gun barrels; serodynamics of rotorcraft, fin-
stabilized, powered and spin-stabilszed bodies; ground engine and aircraft engine combustion; high energy, fire safety and
storsgeability of fuels; explosive blast phenomena; high energy sources sssociated with wespon sctivation; degradation and
reactivity of materisls, with increased emphasis on erosfon by hot gases; mechanical behavior of materials, especially under
high rates of loading; initiation of chemical reactions; new -echniques for sensing, detection, decontamination, and idencift-
cstion of chemical agents, pollutants and explosives; nonlinear analysis of unsteady phenomena; large-scale optimizacion;
decision theory and modeling; lower and middle atmosphere sensing and composition; emoke, aerosol physics, and atmospheric
transsission; sensing, wmapping, terrain and geodetic studies; improved ration systems and logistics for enhanced storage life
safety, nutritional quality and pest control; microbiological attack on materials; environmental quality, protection and re-

habilication; microwave biological effects; and physiology of soldier performance.

3. FY 1979 Planned Program: The FY 1979 program will be a cortinuation of the work described in section 2 above. The
component of the program directed to long-term potential contributions to future Army critical technologies will be increased.
In additfon to the work described in a separate descriptive summary for the electronics program, research emphasis will be
placed on carefully selected thrust areas including: aew optical signal processing techniques for target identification and
tracking; impact and penetrstion of armor; simulation, testing and analysis of materials; electrochemical energy conversion;
softuare testing and reliability; mesometeorology; and biological and chemical warfare detection and protection. The planned
increase over the FY 1978 level will msintain the current strong extramural research program and will provide $3,000,000 for a
new progvam entitled, Defense Sciences and Engineering Program (DSEP). It 1is proposed to initfate DSEP 1n FY 1979 to apply new
management techniques to support high-quality problem-oriented research at universities. Although DSEP will be part of the
program managed by the Army Research Office (ARO), 1t will be different from the rest of the ARO program in that for an initial
period the Office of the Under Secretsry of Defense for Research and Engineering will provide direct oversight of DSEP to help
guide the progras and to assure coordination between the Army, Navy and Air Force. DSEP will be responsive to key Army as well
as Department of Defense thruat areas for which research s needed to resolve scientific and technical uncertainties.

4. FY 1980 Planned Program: The FY 1980 program will be based on a continuation of the work described in the foregoing
sections. The flexibility to initiate new thrustes as promising scientific areas and corresponding Army needs become evident
will be maintained. The new Defense Sciences and Engineering Program with universities will be continued with increased funding.

Program to C 1

This is a continuing program.

6. Major Milestones: Not applicable.

7. Resources ($ in thousands): Additionsl Total
to Estimated
FY 1977 FY 1978 FY 1979 FY 1980 Completion Cost
RDTE ,A: Funde 23677 26576 31500 40000 Continuing Not >vvmnntv~n
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Technical/Sclentific Area: 103 Title: Communications Engineering and Electronics
Project: #BUS7 Title: Research in Scientific Problems with Military Applications
Program Element: #6.11.02.A Title: Defense Research Sciences
DoD Mission Area: #110 - Defense Research Budget Activity: #1 — Technology Base

-A. DETAILED BACKGROUND AND DESCRIPTION: The electronics and communications scientific area contributes to the technology base
through the exploration of novel pheonomena and the generation of new concepts. 1The ohjective 18 to provide a science and
technology base in selected areas of electronics and communications to help satisfy presant and future Army requirements.

Research to obtain fundamental i{nformation i{s performed in the areas of eignal generation, transmission, reception and processing;
. computer systems and communication theory; solid state electronice to include semiconductors, magnetices and dielectrics; and
circuitry and networks. Work under this task will find application to a wide variety of Army problems in communications, command
and control; surveillance, target acquisition and night observation; and electronic warfare. The Army's Science and Technology
Objectives Guide FY 1978 and Long Range Technical Forecast documents are used as a basis for selecting fundamental research to
meet long range requirements. MeCium and short range requirements are delineated from Army laboratory plans, personal contacts
with Army scientists and engineers and careful study of the applicable technology base versus existing state—of-the-art of
_science and technology. The engineering orieated nature of this task provides for extraordinarily efficient technology transfer
smong the industrial, aczdemic and military communities. Also, because of tke close coupling betveen the staff of the Army
.Research Office's Electronics Diviefon and appropriate Army laboratory staffs, a significant amount of work funded under this
‘task is directly complementary to laboratory in-house efforts. Included is the Army portion of thae support for the Joint Services

_Electronics Program, planned and funded jointly by the Arwy, Navy, and Air Force.

s related to parts of the following projects iin Program Element 6.11.02.A: A31B, Night
‘vision Devicea Research; AH4T, Electronic Devices Research; AH4S, Electromagnetic Propagation and Antenna Research; AH49, Mlssile
_nnm High Energy Laser Research; AH44, Research in Fluidics, Nuclear Effects and Ordnance Electronics; AH&), Research in Bsllistics;
{and AHS1, Combst Support Research. Close coordination is maintained with the Navy, Air Force, Defense Advanced Research Projects
_>hm=nw. the National /eronautics and Space Administration, and the National Science Foundation. Coordination meetings are held

on a regular basis.

{B. RELATED ACTIVITIES: This progrem i

S Army Research Office, Research Triangle Park, NC. The top five contrac-
MA; University of I11inois, Urbana, IL; Columbia University, New York,
The total number of additional contractors

‘C. WORK PERFORMED BY: This program {8 vanaged by the U
“non- are: MHassachusetts Institute of Technology, Cambridge,
INY; Stanford University, Stanford, CA; and University of California, Berkeley, CA;

'1e 37; the total dollsr value of theee contracts is $2,200,000.

D. PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS :

1. FY 1977 and Prior Accomplishments: Significant progress was made in sdvancing the state-of-the-art of electronic devices.
Ipuring the past year the most accurate determination to date of the surface atomic structure of three important semiconductor
surfaces wvas achieved; these materfals are used extensively in the electronics industry, silicon being the principal semiconductor
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‘device material. Theoretical predictions indicate that certain electron devices made with indium phosphide should outperform
. those based on gallium arsenide or silicon; recent results from this program proved several of those predictions to be true.
_There has been continuing development and improvement of a computer program which n_.icucna& and models the physical processes
involved in the manufacture of integrated circuits. Theoretical ressarch on electromagnetic propagation has found application
to radiating elements in conformal arrays, ground wave propagation over uneven terrain, and radar scattering from the interior
of open cavity structures such as jet engines. An important new theoretical result pertinent to the design of two-dimensional
digical filters for signal processing was obtained; this result should find use in a number of Army applications. Major progress
has been made in the development of intelligeat optical tracking concepts that can be used to locate, recognize, and track a
large class of targets io nolsy background scenes. This research has contributed to the solution of three major problems:
‘real-time image decomposition, real-time structural tracking, and real-time control.

)

i. K 197 ami Elavis s oweiinuleg Ts sprimiss payaii Erom this contractmil Army ressarch program; As mlsetrewiss
gdulanry panel Inwulwing ey irsy sensgerrs snd scissiisis From thess Arwy laboratories navigg & primsry involvessni im alsctreaics
pemtatch has bass sstublished. This pessl l& providing far & ssrs furmsl coordinstion of fhe falal slsctronica sffurts uf vha
drmy, The Arwy Rasssrch Offlce’s Dlectirenics Divislon see has respomaibliicy for the Army msmsgesssi =i the Juimi Farvices
"Elettronics Program sud far FT (%70 has isltieted sew sdesgeil procadures., adopted by Bawy mmd Alr Ferce, to luproies ths memage-
ment a=d technicsl conismi sf ibai Lri-Sarviis progres. The Pallswing ressarch areas siw Lilmg esphasioml: resasreh In phymical
(mimstrasice, particulariy om swdfecss and incarfecs sosies, whizh will hawe impact on msmi slsciveals devices of laterswi 1o il
'Arwy; wewearch sm sls¢irss devices that sddresses Avey barvisr problsss, s.g., transit flme deyices sl milllimetay wave davices)
_.__.!_. pesmErch of snienmss snd propagetios, Witk thresis ow slssorically ssall antennas fur Aimy vahicise sod pranimity offacis &f
sutennss with serveumding stresiwres. s cirssits sl sstwesris sephasls s on integratasd cirsily msisling and simmistlsn 1a
 provlis mere effsstive sd rulisbls lorgs scals Isisgietsd circuliz for AFsy eystems; aignifizant resilis from chis progres sre

alrasdy Being sdoptsd by the slserrmmics isdustry. In ibe comsssicstions snd signal procewsing aves s vesearch #lluria s
___i_l probless in commmicstiss is walei-signal savirossents will start; the commitmest to all digloel pomssicetions within
tha Army will eequire sew luchaslogy Gsss fnformstios, (s Tha cempuler avea, esphasis ia o stedien in improve the rwilability
| sl wifletiensy af Army slectroafcs wywisss through [mprovessais la compstar subsystess| thars in spanlal Interest is dlmiy lhwiud

“Il_..__-l. archlisciuwrens uelng misvoprecwssmin. Pest of the licrasssd fumding for FY 197E e baimy weed (wr the sbuwve srews.
_nl._ priea of desnphssis L surfece scoutie wevs ressarch sherd previoss (umilsmental results arm sow in the develspmasi phasw.
The Jilii Serwipes Hlssironics Program si Colwsbls Usivsreliy, Mesdschisssits Insticuts &l Technalogy, Uniwersity of 1klinodm,
| Mareard Buiversity, Pelytechaiz Instiiute of Bew Tork, Bsiversiey of Callfwintie-Berkeélsy, Dulsersity ol Swuthern Calilsenis,
| Baiverslty of Tenam-hestin, ssd Stsniwrd Uwiversity s buing coatinmd st spproximately the ssme lewe] as FY 1977.

3. It 1979 Planned Program: Most of the electronics areas described above will ka cesitlassd, but wvith new research ideas
in those areas being given greater consideration. It is planned to increase emphasis == remsareh of a lcng-term nature
during FY 1979, and to replace about 30X of the contracts active in FY 1978 with new alfsiia Il srder to keep the progras
dynamic relative to Army needs. During FY 1979 1t is planned to explore expansion of Fumdiug [#r the Joint Services Electronics
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i
Program in those technical areas of wmajor importance to the Department of Defense; thiw will require coordinated action with the

!Navy and Air Force. Also, three large block funded projects (one from each) of the Army, Navy, and Air Force known as Associated
Joint Services Electronics Program contracts will be considered for inclusion in the Joint Services Electronics Program. The
exact level of funding for any given research area will depend upon changing Army needs and the funding provided by other Army
elesents as well as by other agencies of the Department of Defense and the National Science Foundation.

4. FY 1980 Planned Program: The total electronics and communications research program of the Army will be assessed to
determine the proper direction for the FY 1980 program. In general, the present program is designed to allow change of about
one-third of the existing programs during each year. This kind of flexibility is desirable in case there should be significant
!changes in required technical thrusts. It is planned to continue increasing emphasis on research of a long-term nature during

'FY 1980.

5. Program to Completion: This is a continuing program.

6. Major Milestones: Not Applicable.

7. Resources ($ in thousands):

Additional Total
to Estimated
FY 1978 Completion Cost
5269 Continuing Not Applicable




FY 1979 RDTE CONGRESSIONAL DESCRIPTIVE SUMMARY

Project: #FAH60 . Title: Research in Large Caliber Armaments
Program Element: #6.11.02.A Title: Defense Research Sciences
DoD Mission Area: #110 - Defense Research Budget Activity: #1 - Technology Base

A. DETAILED BACKGROUND AND DESCRIPTION: Research in Large Caliber Armamente supports the Army's ar t develop t programs

-in scientific areas of unique Army need for fundamental understanding as a basis for sound future weapons and munitfions develop-
ment. It consists of research in the following scientific areas: energetic materials (explosives, propellants, and pyrotechnics);
ultra-high pressure physics; and physics of armament (failure and reliability, advanced structural analysis, gun mechaniem
analysis, and control theory). In energetic materials, the thrust i1s toward developing new materisls; understanding their behavior
in ignition, initisticn, combustion and detonation; and their effects and degradation to permit safer, more efficient and effective
;development, manufacture, use and diwposal of munitions. The remainder of the effort is devoted to develop understanding of

unique problems in armaments to permit the design of longer 1life, safer and more cfficient gun tubes, recoil mechanisms and

jmounts.

;B. RELATED ACTIVITIES: Related research is performed by the Navy, Air Force, National Aeronautice and Space Administratioa and
|the Department of Energy. Coordination is accomplished by program reviews, exchange of program data sheets, research and
,technology resumes, technical reports, and liaison and attendance at scientific meetings and conferences. At Department of Nefense
;level, coordination is achieved through active participation in Joint Technical Coordinating Groups and program reviews sponsored
mnbacunuw by the Office of the Under Secretary of Defense for Research and Engineering. Broader, multinational coordination is
“-nvno<oa through joint participation of Australia, Canada, United Kingdom and the United States in The Technical Cooperation
Program and by dsta exchange agreements on various aspects of the program. This project is closely coordinated with Project Al4],
{Research in Ballistics; Project AH61, Research in Small Caliber Armament; and program element 6.26.03.A, Large Caliber and
_zcnwu-n Armaments Technology. The objectives of this project are also supported by coantracts and grante placed by the Amy
Research Office under Project BHS57, Research in Scieatific Problems with Military Applications.

C. WORK PERFORMED BY: This project is managed and directed by the Large Caliber Weaspon Systems Laboratory at Dover, NJ. The
in-house scientific efforts are performed at Large Caliber Weapon Systems Laboratory and Benet Weapons Laboratory at Watervliet,
NY. Augmentation of the in-house effort is accomplished through contracts and grants with induscry, universities, and other
government ageocies. Contracts of more than $25,000 are planned for National Bureau of Standards, Silver Springs, MD; Purdue
University, Bloomington, IN; General Electric Corporation, Detroit, MI; University of Iowa, Iowa City, IA; and Lehigh University,
Bethleham, PA. Sixteen additional coantracts are planned totaling approximately $230,000.
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p. PROGRAHM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. Fy 1977 and Prior Accoi 1ishments: Three new analogs of nnnnu:»nnomwwnocnnn. a eonm=n»u-% cheap nitramine explosive
_or propellant, were m<=n=om»sou and tested for improved s«nnowwnnn vnoumnnwow. Nitramine pyrolysis gtudies and combustion
modeling continued, in support of possible nitramine use in nev low vulnerability and high-force propellants. Density as a
function of pressure was obtained in argon to pressures exceeding 200 kilobars. A new activity was gnitiated to gain an
understanding of the pcsaible role of interfaces as a weans of enhancing the fatigue and fracture behavior of materials.

The effects of adding vanadium ions to gtandard chromium plating golutions was studied and measurements showed that the presence
of vanadium ions suppressed the discharge of hydrogen during chromium deposition leading to crack free deposits of jower stress.
Liners of gun steel and stellite wvere coated with tantalum using molten salt electrolysis. Using the chemical vapor deposition
technique, preliminary runs on the coating of 20mm 1iners with tantalum have been successfully made. The mode of deformation
of the rotating bands at the forcing cone was studied. High oroer umovnnnlﬁnn»n A:ﬂ&n»nnnnnuw finite elements were studied
"nON spplication to the elastic crack problem. New techniques w.ve evulved to determine the parameters controlling vwnOHnncsnn.
.vnovowwian snd explosive decomposition. Extensive work in high pressure mxvmnnlmanaw physics and fracture mechanics, wotivated
|to understand phenomena occurring during firing in a gun tube has led, to {mportant capabilities in fundamental physics. Static
‘ pressures in excess of 400 kilobars have been generated, and several new transition phases jn bismuth have been discovered.
_> aew techaique for measurement of sound velocity in materials under ultra high pressures has been developed.

2. FY 1978 Programs: Nitramine complexes are being studied for possible use in nwiomw<o\cnovoww==n formulations; and studies
of mechanical properties of explosive and propellant compounds are beginning. Nitramine pyrolyeis studies, ignition and combustion
modeling, snd investigations into the role of free radicale in explosive initiation are continuing. Additives to inhibit phase
{transitions sre being soug Studies are being undertaken in the enwwn&»:llunmcmnurumnomms aystem as both a carrier for atomic
hydrogen snd for possible high temperature n:vOnnosmcnnn<»nw as an alloy. The development of a Meissner measurement technique
is being completed, tested, and applied to bpismuth and its alloys for very low resistance at high pressure measurements . Theore-
tical and onvonplnnnnp studies into possible techniques for the stabilization of useful high pressure phases are undervay. As
a contribution to the understanding of the phenomens of kinetic energy vnaonnnn»oz. studies are being initiated into the develop-
ment of .uunnnlwnnnw equation of state i{nformation on penetratol snd srwmor matetrisle to the 500 kilobars range. Experiments on
' the effects of electroactive chemical additions to rhenium plating solutions as 8 model for chromium are being tnitiated. Effect
of nitrogen ou the hot hardness of tantalum coating, spplied by the chemical vapor deposition techaique i8 being investigated.
Design of coating/liner barrel combinations using such deposition techniques as chemical vapor deposition and fused salt electroly-
eis and the use of compressive residual stresses is being optimized to achieve maximum wechanical and thermal compatibility.
Various geometries of rotating band-forcing cone systems are being simulated in the laboratory and studied for ainimus engraving
stress snd maximum obturation. wWork on the vnoc-cnwuon»n wodels for gun tube fatigue 18 being completed. The nnvnn»loanuwun
determined criterion for crack arrest is being refined for bi-metsl interfaces and characterized in terms of fracture mechanics
concepts. The design methodology for the adaptive recoil mechanism is being refined and upgraded using statistical techniques.
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3. FY 1979 Planned Program: It is planned to synthesize novel nitrated compounds; continue work on propellant surveillaace
tests; and continue studies of nitramine complexes, mechanical properties, nitramine pyrolysis studies, and free radical
investigations. Computer codes for investigation of deflagration-to-detonation transition (ODT) in collapsing flames wil® be
developed. Studies of hydrogen both as a condensed molecular phase and in the palladium hydride system will be extended beyond
_the 500 kilobars region. Alloying and kinetic studies will be undertaken to stabilize high pressure phases, considering first
;bismuth, 1f studies show the new phase exhibits high temperature superconductivity under pressure. Studies of the pressure
synthesis of alkaline halides and rare earth fluorides will continue for low absorption materials in the short wavelength range.
Liners with and without coatings will be fabriceted and test fired for erosion resistance and accuracy. Selected geometries
_cm rotating band-forcing cone system, will be further optimized to achieve minimum stresses at the forcing cone. Multiple radial
_cracks of unequal lengths in a pressurized cylinder will be studied and the effect of many shallow cracks on the stress inteasity
"factor of a deep radial crack in a gun tube will be detersined. Increased funding is pruvided to emphasize research in ignition
.and combusion of solid propellants. This program involves 57 professional and 24 support personnel.

“ 4. ¥FY 1980 P1 d Program: New thermally stable explosive will be syanthesized, and work will continue on: surveillance
.tests, nitramine complexes and pyrolysis studies, mechanical properties, modeling, and free radical mechanisms. Efforts will

concentrate on characterizing and exploiting defects fur possible extension of the superconductivity range. New studies will
.be undertaken to exploit ultra-high pressure for the synthesis of new energetic materisls. Alloy plating experiments will be
conducted on chromium and rhenium in the presence of electroactive chemical additions. Effect of impurities on the high
.temperature mechanical groperties of tantalum and columbian alloys will be investigated. Further studies to characterize
_nru transition from laminar to turbulent flow of compressible fluide flowing through variable orifices will be conducted.
.Funding increase is provided to improve understanding of the fundamental processes in ignition, combustion, and detonation.

_ 5. Program to Completion: This is a continuing program.
!
1

6. Major Milestonea: WMot applicable.

7. Resources ($ in thousands):

Additional Total
to Estimated

r 1977 FY 1978 Completion Costs
4944 5000 Contfnuing Not Applicable




FY 1979 RDTE CONGRESSIONAL DESCRIPTIVE SUMMARY

Project: #BSOl Title: Basic Resesrch on Mil{ter and Diseases
Program Element: #6.11.02.A Title: Defense Research Sciences
DoD Missfon Area: #110 - Defense Research Budget Activity: #1 - Technology Base

A. | Essle vesrscch willises mew and classical techniques of {mmunochemistry, histopathology,
serolmgy, Immennlegy, sldorehlology spldesiviagy =n inleciises diveases with existing or potential effect on military opera-
tions, swnfi se menimgocorrsl disssres, srbevirus dlsssses, sl parssl tic diseases. Enteric studies are directed toward better
undersissding of bssle prifogencsls and siiitsvily usigus sspsris #f vical and bacterial infections. Problems of the combat
soldizs imlmle lvsissenial stodies in sress of shork, bwrns, mervons system injury, pulmonary complications, blood replacement,
sepsln, woumsd bealing snd svsfustlsn of rurrest sstheds =i tresrsssf, Additional studies include biomedical factors associated
with perebisiris Iseffectivemmes tn the Arwy, Wovldwids Inlfsrssilss on the distribution, ecology, taxonomy, and control of
arthympsd sezimrs ol dlsssas |8 devsimped is order im growvide 1ha spidemiological data base necessavy for further progress in the

healih &l Arey pereimms].

B. RELATED ACTIWITIEH: Beleted work lo perforesd wsder progrom ¢l=mrstsf/hisy prajects 6.11.02.A/8502, Basic lechanisms of
Recowspy frem Imjury: &, 011 0F. A/8803, Fedicnl Dafenss Againac Blalogiesl dgwaie; &, 11.02A/BSO5, Military Burn Research;

6.27, M, ASREEE, Wilitsry Frévenilvs Hedisise wod Tropical Msessss; §.37.70.4/6007, Drug Developmwent; and 6.27.72.A/A810,
Milicery Bis THasdsrs. The Sewy cosdsis relsisd rsssavch wnder progres sissssts/Navy profects 6.11.53.N/4105 and 4109 and
6.27, %0 M/ROON, Medfonl Besesroi) osnd 6,07 06 BSUNY, Medical Beselopmume. Ofkar velated research is conducted by the Air Force,
Natiohal Imstitsiss uf Beslih snd UE Degperisent of Agriewiiors. Tie related gessnrch s coordinated by means of project officer
visits, committes smwiings of the wilitary services end ssiloma] healih sgeeeiss, sxchange of reports, review of research and
techmiogy sussaries, syoposia om specific sohjects, and pavigdle progres reviees.

C. WiRE FERFONGND S§7: The werk Lo comlecied by In-howss leborstories wi Salcer Ssed Sywy Tnstitute of Research, Washington, DC,
and aifilimeed Fisld wnice 5 Thailend, Mslsywin, amd Syaeil; swd by yslvwrsliies, met-For-profit organizations and industry
thrisugh contrscts sl grants. Among ree lerge comtrasis srs ihsss with Msunt Bisal Briisel of Medicine, New York, NY; Baylor
Collegs, Weustws, TN Corsell University, Mew Touk, WY; Baiveraity of Michigan, dnm hedor, MI; and University of Hawail,
Honolwls, Wi, Eiwieen siber emmirscis ore 5lea Fobded ssder this prajest for & cowsl af §§,700,000.

a1 Prvalepsl comivsl strategy for selected arbovirus diseases based on information of
insegi bivsosics] |.9., the sontrul =f wvsreisterisg islscted mosquitoes prevents or reduces incidence of the disease in the
sprivg. Bpreylss of selected sress wiih lssseiicides somtrals transovarielly-infected mosquito eggs, thus reducing viral disease
tramyml suion. The basic spldewinlegy of hepatiris, dengue, amil Jepanese B encephalitis was studied in Thailand, with emphasis
on Leproved ssibosls of vires loolsiios sml serologles] detsrtisn. A mouse screening system was established for the testing of
wamdidits  antisehlstosss] drugs. & serelagicdl seat fer swisneous leishmaniasis infections was perfected. Advances were made
In ks stinlies of the isssology of sered typlis, |wclisdisg &8 understanding of the rickettsia-mite relationship snd the
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Project: #BSO1 Title: Basic Research on M
Program Element: #6.11,02.A Title: Defense Research Sciences
DoD Mission Area: #110 - Defense Research Budget Activity: #i - Technology Base

antigens of anerobic bacteris infections will be studied. The physiology of shock and meihods of reauscitation will continue
under investigation. Pesearch in biomedical effects of blast overpressure will be directed toward improving hazard assessment
and protective measures. The Increase i{s due to the addition of funds to sugment research efforts on the medical effects of
blast overpressure.

4. FY 1980 Planned Program: Studies will continue on the basic immunology and pathology of dengue, scrub typhus, trypanoso-
miasis and other infectious diseases of military importance. Necessary basic studies on diarrheal diseases of the field soldier
will continue toward development of a vaccine. Human imamune reactions during injury, wound healing and infections will continue.
Psychiatric studies providing essential data for prevention and/or treatment of the combat soldier under stress will continue.
Basic control technologies of arthropod vectors of disease will be studied to effectively develop pest management aystems that
are effective in reducing diseases of military importsnce. Studies will continue to be directed toward prevention of and
recovery from shock. Blast overpressure research will continue to assess biomedical effects and generate an adequate data base
for validation of standards.

5. Program to Completign: This is a continuing program.

6. Major Miles:ones: Not applicable. Additional Total
to Estimated
7. Resources ($ in thousands): FY 1977 FY 1978 FY 1979 FY 1980 Completion Cost
RDTE,A Funds 7558 8373 10010 11226 Continuing Not applicable




FY 1979 RDTE CONGRESSIONAL DESCRIPTIVE SUMMARY

Program Element: #6.21.05.A Title: Materials
DoD Mission Area: 0151 - Mater‘als and Structures Budget Activity: #1 - Techmology Base

A. EZSOURCES (PROJECT LISTIG) ($ in thousands)

Total
Project FY 1977 FY 1978 rY 1979 Additiocal Estimated
Nusber Title Actual Estimats Estimate to Completion Costs
TOTAL POR PROGRAM ELEMENT 9879 11205 11275 Continuing Not Applicable

ARS84-01 &dvanced Materials for
Alrcraft 2322 1771 2139 Continuing Not Applicable

AHBA-02 Advanced Materials for
Armament 2203 2378 2478 Continuirg Not Applicable

" AHB4-03 Armor 1442 1959 1815 Continuing Not Applicable

'AB84-04  Advanced Materials for
Hisstles 632 711 831 " Continuing Not Applicable

- AHB4-05 Mechanics of Materiale 958 862 926 Y Continuing Not Applicable

AHBA-06 Advanced Materials for

Soletion of Special
Problems . Continuing Not Applicable

All84-07 Advanced Materials for
Laser Hardening Continuing Not Applicabdle

AlI84-08 Advanced Materials for
Ground Combat Vehicles Continuing Not Applicable




Program Eiement: €6.21.05.A Title: Materials
DoD Miseiom Ares: #15i - Materials and Structures Sudget Activity: #1 - Technologv Basge

.B. BRIEF BESCELPYION OF ELEMENT AND MISSION NEED: The vork under this program is exploratory developmeat of improved and
sdvanced materisls ¢irected primarily toward four generic Army weapcen systems and their missions: aircraft, armament, grouwnd
combat vehicles snd miseiles. The remainder wiil address special problems with varied requirements for materials technology.
The objectiva of the progrem Is to copduct exploratory development to produce improved materials and processes for use in

the design, construction and operation of Arsy weapon systems to satiefy superior tactfical end strategic performance require-
ments and reduced life cycle costs. Specific Army need 1s reflected in the following examples: accelerated wear of gears

and drive train components of Army helicopters causing frequent overhauls, limited performance life and kigh costs of operation
and maintensnce; excesaive wear and erosion of gun tubes with resultant shout barrel iife, inaccurate ballistics performance
and high operstfonal costs; current inventory of ground combat vehicles fabricated of hull and armor materials incapable of
defeating long rod/high density pcnetrator munitions threat; high vulnerability of crew and persounel of ground combat vehicles
to vide-angle basckface spall caused by anti-armor sunitions; limited capability of missile radome materials traveling et high
sach numbers to withstand rain erosion and maintain good electromagnetic transmission properties; limited capability of current
wveapon system msterials to provide adequate protection agaimst high energy laser threats; and lack of acceptable levels of
reprodocibilfty of ballistics performance of high density penetrator mmitions due to inadequate sdvanced penetrator core

materials.

C. DASIS FOR FY 1979 RDTE REQUEST: Work will be conducted to overcome mission deficiencies and satisfy mission needs
outlined in parsgraph B and to exploit technological opportunities in advanced materials development. It will consist of
development of improved materials and processes for evalusting and improving the mechasnical, thermal, arnd fatigue properties
and the resistamce to erosion and corrosion of lightweight, high strength alloy systems, reinforced composite, advanced
ceramics, adhesives for bonded joints, and coaiing materials for corrosion prevention. Major thrusts will include developwment
and characterizaticn of high strength-1light weight materisle to provide increased mobility/maneuvarability for ground combat

_vehicles and Arwy helicopters: improved materials and advanced arsor to defeat penetrator munitions; high-strength/toughness
alloys for gun barrels that shoot farther and maintain their accuracy longer; high modulus-light weight materials to withstand
Ligh C forces of advanced wivsiles; significantly improved materials to eatisfy incressing demands of helicopter drive trsin

components to imcrease time between overhaul and reduce cost of maintenance/overhaul; and innovative new materials and materials
processes fer waspon system failure analyses and reparation. The overall objective will be to develop and characterize new

snd improved msterials specimens to provide life cycle cost reductiom, needed improvements in weapon system performance and
reliability, amd significantly reduced maintainability.




Progras Zizment: #6.21.03.4 Title: Materials
Dop Hission Area: #1531 ~ Marziizls ang Structures Budget Activity: #1 - Techoology Page

D. OTHER APPROPRJATION FUNJDS: Xn: Applicable.

- K - i Fhe weri is ihis progres slessnt is a part of a three—par: research, exploratory
development zud adwwndasd t pregiem fer saterials, Tha geals of this program are to produce new mateiials producis,
‘new materiale spezificmiirus wad pra-wijpss spssisss weds of sew maisrisls. Applied research and zxploratory development
are conducied in che [wllswisg sressi setalleggicsl rechuiyuns smd slloy improvements; organic msterials; ceramic materials;

- composite mataxiale) smchamios of wetwiials] lases hacdeslng «f maturials; and test evaluativn methods. All these efforts
are simed at produsimg impiowsd seisctals For wes Iu Lhe Jesign, csmstruction of operation of Army matericl to satisfy
superior perfurasnss paguirssssis, o redecs oeats of ssspos sFelams acquisition and lifetime ownership cost of weapon systmms.

F. BRELATED ACTIVITI®S: The Navy, Air Force, other Goverument agencies, and sllied nations have cssplesastary programs in ims

¢ mcre of these mazerizls asreas. Coordination within the Department of Defense is achieved through ki-afmual update of tha
Materials Technology Coordinating Paper and meetings of the 0ffic2 of the Deputy Under Secretary fuy Dafesse Research and
Engiccering ad hoc Services Materials Lsboratories Coumcil. Coordinatiom with the non-uilitary fadarsl agencles is effectasl
.through pasticipation in activities of the National Materials Advisory Board of the Hational Acadamy af Sciences —— Natioasl
Academy of Eangineering and the Interagency Council om Msterials, and with the US Department of Bastgy: [mternaticenal coordimaiism

is effected through participstion in tha Technical Cooperation Pzogram with Australir, Canada. New Teslmnd, and the United
. Kingdom and the Structures and Materials Panel of the Advisory Growp for Asrospsce Research and Mwwalipmmat of the North

Atlantic Treaty Orgenization.

EL PERFG | gpprextmstuly 150wl the weeh will ks accomplished in-house at the Army Mat.~ials & iechanics Research
Caaiar, Watertown, Mi| U Arey iressesi Masssteh | Devslopssst Command, - Dover, NI, Natick Researc® . Development Cosmand, Neilck,
HAj B Aruy Mobilify Egmipessi lessareh ssd Develspssai Cormsad, Fort Belvoir, VA; and the US Army Missile Research and Developmsmi
C=smgnd, Buntsvills, dl., Tppleal semtredtars ere: ANOF, Ewsvett, MA} Massachusetts Institute of Technology, Cambridge, MA;
Siamlerd Research Immtitwis, Fuls Altws, CAj Tessst Gmmshiss Gorporation, Phoenix, AZ; Georgla Institute of Technology, Atlants, Gij
‘mmiveisity of Illimois, Urbess, IL; UE Biexzl Corperatiss, Fistsburg, PA; Rockwell Intermational, Thousand Gaks, CA; snd Iowa

frats University, tams, L.




Program Element: #6.21.05.A Title: Materials
DoD Mission Area: #151 - Materials and Structures Budget Activity: 1 - Technology Base

H. PROGRAM ACCOMPLISHMENTS AND FUTURE PROGRAMS:

1. FY 1977 and Prior Accomplishments: Accomplishments include implementation of new characterization techniques for
composite helicopter blade materiale; identification of causes for unacceptable variability of tungsten penetrator ballistice
performance and recommendation of corrective action; developsent and recommendatioa of armor materials/design for improved
TOW vehicle; improvement of materials for blast resistant tank track program; development and evaluation of new composite
materials joint designs for wobile wilitary bridging. Prototype Army flelicopters engine blades were febricated from
high stremgth, high temperature filament reinforced superalloy composites. Enhancement of aluminum and steel arsor against
both anti-personnel projectiles and munition fragments by incorporating Kevlar spall-suppression backup liners; development
of a phosphezene rubber quick-disconnect gasket for refuel operations in arctic climates; developed camouflage coating materials

for PARTIOT radar sntennz elements.

2. LY 1978 Program: Development of improved ‘polymeric, ceramic and composite materials, allape of aluminum, titanium
and uranjum; determinations of fatigue, fracture, corrosion, stress corrosion, environmental #sterisrcstios, biodegradation
;and fungal attack of military materials; the development of high deasity projectile munition msimrisls, fragmenting munitions
materials investigation f structural and radome materials with laser hardening charactericsj fwithar devslopment of electroslag
remelted and maraging stesls; development and application of techniques for coatings for radar ramsullags wmd for the prevention
of erozion, corrosion and environmental deterioration; development of lightweight materials wmd dwuilgn seguirements for
rapidly deployable combat bridging; and determination of laser protection levels provided ky kamis cosbat smiform materials.

3. FY 1979 Planned Program: Develop new high temperature alloys and composites, upgrade the corrowiss mmd high
_temperature prcperties of coatings, and improve stress and fatigue properties all to satisfy requiremenia [sr improved
combat vehicle cogines. Improve processing procedures for helicopter gear and besring materiale. Corrmlsts high density
sunition materials properties and processins; conditions with reproducible bsllistic performsnce. Performsmrs of improved
‘steel powders for fragmeating mmitions viil be determined wmder various stress and strain rates. Evalmsiiss of layered
cozting for improving wear and erosion resistance of small arme gun tubes. Mathematical and experimeniai parameter
determinations of the combined performance of foamed material layers and armor plates subjected to mine Bimsi, Light-
weight materiels for vibration, fatigue, and noise reduction for advanced combat vehicles. Advanced balllwmile protection
materials for modified tank track suspension systems will be developed and evaivated. Work to provide mirFsstructural
integrity of fused silica, testing and evaluating improved radome and nose tip materials, processing and [=dviliating
techniques, snd thermal battery msterials - all for advanced Army missile sytems. Investigation of the glfa=t of humidity
“and temperature on the stress corrosion cracking of critical wespon systems components will continue. MMechinlins of
environmental deterioration in orgsnic composite materials will be determined and agents developed for ratsrling degradation.
Flammability characteristics of organic materisls will be evaluated. vWork will be initisted to optimiza lmmmr protection
with ballistic and structural performance. Developmental of laser resistent transpareant blast shields fms irmy Attack

Helicopters.




Program Element: #6.21.05.A Title: Materials
DoD Mission Area: #151 - Materiasle and Structures Budget Activity: #1 - Technology Base

4. FY 1980 Planned Program: Continue the development of new alloys for high temperature applications, development
of composite components, hot corrosion resistaat costings and strese sanalysis procedures for combat vehicle engines.
Weapon systems structural work will concentrate on the rheocast fabrication process, on evaluating environmental effects
on magnesium protective costing systems and on adhesive bonding. Correlate structural properties and component performance
on gear and beariag materials. Specimens of penetrators materials of extrudad Uranium and Tungsten alloys will be fabricated
snd tested. Fragmentation tests of cylinder materials machined from 105am and 155mm projectiles. Effects of thermal
s:resses and various gaseous amvironments on cracking nucleation and crack propagation in layers formed in gun tube
specimens will be invesiigiiml. Textured materisls for armor application will be subjected to ballistic examination mms
analysis. Aircraft sysimms wusrd will be extended to powder metsllurgical processes with aluminum alloys and strain hsurdessls
Al-Mg-L1 slloys. Assesmmmiii amid design guides for use of foamed materials to reduce mine blast damage to armor vehiclss will
be developed. Fire-rsmistamt smd fire-barrier armor materiale coastruction for ground combat systems applications will Ea
developed and evaluatsi. fWark will continue on microstructural snalyses of fused silica, rain erosion resistsnce oif' wilicss
nitride, fabricstion imsimigsss snd the improvemsat of thermal battery matertals. RKffects of humidity and temperatsiirs ==
stress corrosion crackimg #f mkored missiles will ba determined for a series of steel and aluminum alloys. The bridgisg
materials progrem vill s arimmted to fiber reinforced organic composite materials lightweight metallic components mssl
design of shafting, trmas ssd moupling members. Development of rapid cure techuiques for thermosetting resin-based compssiiss,
investigation of contimssss filier reinforced thermoplastics and utilization cf structural foams as lightweight impesi rasisiamts
components. Improved protaiype tank treads materials will be developed and evaluated. Effects of tropicsl enviressssis =a
nev lightweight magnesimm sllsys will be evaluated. Prototype thermoplastic foam/chopped Kevlar fiber-reinforced mpswy
combat vehicle track compeasimnis will be developed.

5. Program to 1 t This is a cootinuing _Z.onu.-l..




FY 1979 ROTSE CONGRESSIONAL DESCRIPTIVE SUMMARY

Program Element: §6.21.11.A . Title:
DoD Mission Area: ¥134 - Environmental Sciences

A. RESOURCES(PROJECT LISTING): {$ in thousands)

Project FY 1977 FY 1978 FY 1979 FY 19890 Addi t ional Total
Nusber Actual Estisste Estimate Estimate to ﬂmnnnuo: Estimated Costs
3989 5348 5793 6180 Contiming Not Applicable

AHT1-01 Automat ic Meteorological Technology 972 1940 1529 1335 Contimuing Not Appiicable

AH71-82 Beteorological Satellite Techniques 1169 s579 363 518 Contimuing Not Applicable

AH71-83 Atmospheric Sensing and Techniques 1158 2658 3158 3528 Contimuing Not Applicable

AH71-04 Atmospheric Enviroment of Military © 515 880 578 585 Contiruing Not Applicable

Systems
AH71-85 Meterology of Transport and Diffusion 175 208 108 158 Contiming Not Applicable

B. BRIEF DESCRIPTION OF ELEMENT AND MISSION NEED: Develop (1) remote atmospheric sensing equipment for weapons fire control
systems, (2) automated meteorological pr s for tactical Army weather intelligence, (3) predictive transport/diffusion
models for battlefield smoke/obscuration devel opment/testing/esployment, (4) predict ive atmospheric models for Bal listic
Missile Defense/Army cossunications systems, (5) meteorological satellite technigues for battlefield severe weather location,
(6) improved sound ranging algorithes and software techniques for artillery locating systews and (7) Electro-Optical (B-0)

transmission models for use by E-O weapon systews.

C. BASIS FOR FY 1973 ROTSE s Field measurements will be conducted to characterize the atwosphere for E-O weapon and
smoke systems. A e Tation model vill be completed and utilized to predict capabilities/limitations of electro-
optical surveillance systems under low visibility battlefield conditions. An exploratory develcpment model of the pulsed
laser remote crosswind sensor for Armor (tank) operation will be completed and provided to users. World data maps of D-region

electron density will be prepared and the results applied to improvement of current electromagnetic prediction techniques used
by the US Arsy Cammunications Cosmand.

D. OTHER APPROPICATION FUNDS: Not Applicable.
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Program Element: $6.21.11.A
DoD Mission Area: §#13)4 - Environmental Sciences

increased accuracy/lethality/survivability for the Artillery. The Remote Automatic Weather Station (RMNS) system Letter of
Agreement between Defense and Readiness Comsmand and Training ard Doctrine Commard was approved ard a Technical Data Package
for Advanced Development was completed. RMAS will provide reguizid Intelligence surface meteorological measuresents in
resote, target, and enesy areas. An experimental prototype pulsed laser remote crosswind sensor was develgped.
Mintaturization of the passive resote crosswind sensor was accomplished. This program has potential for application not only
to the tank but to infantry anti-tank/anti-armor weapons. Temperature and density departure tables suitable for both
ballistic and computer meteorological messages were campleted for Central Eurcpe and for Fort Carson, (D and disseminated for
use by Army Artillery units in the field in these areas. Data collected for middle and high latitudes for low sunspot years
were used to evaluate the US Army Communfications Command (USACC) prapagation model. The USACC model was found adeguate for
night-tise predictions but requires improvements to satisfactorily predict day-time conditions.

w.:.moawnuln>nn2.mﬁoﬂnma&nmcm~o:uc&~»avo»?uoo..ﬂ_mnonma:wmap:ga preparation of battlefield smoke
munition ﬂwmn:aa tables. A remote sensor for use with helicopter armament system is being flight tested. The sernsor
provides alsing cotrections to cospensate for wind effects at extended standof f ranges with reduced exposure time which will
increase firfug accuracy and aircraft survivability. An experimental prototype ceiling and visibility sensor is being
evaluated prior to field testing. Critical atmospheric measurements of cetling and visibility are essential to Aray Aviation
and Afr Force users. Technical specificiations to integrate this sensor into the Resote Automatic Weather Station (RS
system is being designed. Field measurements are being made to charactecize the atmosphere for electro-optical and swoke
systems. A library of electro-optical transmission models for application to weapon systems is beingy established. Results of
sound ranging capability over 1@ km are being investigated and provided to the Artillery.

3. FY 1979 Planned Program: A swoke/obscuration model wiil be completed to imslnde obscurstism ai isfrared as well as
visible wavelengths and microscale transport and diffusiin pwocesses for determinlig smoke dispereal. Field measurements will
be provided for atmospheric conditfons characterizing netuwal and specific artiFficial low vinli 1ty conditions during
electro-optical sensor systess tests. Atmospheric effects will be investigated im Propagation of slsciro-magnetic (EM) energy
and of ssoke and aercsols pertaining to degradation effectm nn electro-optical memmocs. Prototype celling and visibility
sensors incorporated in the Resote Automatic Weather Staklon system will be fahwicabed and tmstal fof une by Intelligence and
Aviation. These effocrts address Army reguirements for mitmmsted meteocrological ssssuresents in rssobs or "silent areas,®
Technigues will be developed for detecting and classifyimj msvere storms over a lmitlefield uming miserologicial satellite
sensors. An exploratory development sodel of the pulsed lmser (10.6mm) resote cumymwind seimmct for Armor (tank) aperations
will be completed and provided for use in the fire contral facility of the maim mttle tank, Bysiesm will be evaluated for
resote meaguresents of optical turbulence and crosswind alomg horizontal and sismt paths. Thess dita are required for Righ
Bnergy Laser Systems Test Facility test scenarios. Field miperiments to validuis Esdio Pregumncy (WF) propagat ion predict ion
techniques applicable to Army transmitters and receivers will be stacted. rundiing Increase is FT 197 over FY 1978 of
$363,008 is for: increased efforts addressing impact of natural and artificial fmmsie) constitusmis of the atsosphere on
electro-gptical weapons systems/devices. New efforts in the program fnclude temgwisture/demily departure tables for Western

46




Program Elesent: $6.21.11.A i Title: Atmoe
DoD Mission Area: #1134 - Environmental Sciences : Budget Activity: #1 - Technology Base

Russia fur artillery fire; helicopter icing investigations, especially for Northern Eurcpe in winter; and inwestigations of
meteorological influences on long-range tnn—:onw tocket systems. Work will be completed on tesperature density departure
tables for Western Eurgpe and on the portable, light-weight upper air sounding systems for use with the Field Artillery
Meteorological Acquisition System (FAMAS) now in 6.4 Engineering Develcpment phase.

4. FY 1988 Planned Program: Low visibility battlefield smoke/obtscuration model will be validated during field tests. The
model will thoen nstalled in a tactical computer, with irput/output and graphic displays specifically tailored to
individual user battlefield requirements. Meteorological/optical characterization support will be provided for electo-optical
(E-O} systems field tests, such as those used in precision guided munitions. The ceiling and visibility sensor integration
specification for the Remote Atmpspheric Weather Station (RMNS) application, based on completed results of testing will be
finalized. Field experiments to validate radio frequency propagation prediction techniques applicable to Army tramsaitters
and receivers will be initiated. Preparation of world data maps for D-region electron density will be completed and results
applied toward improving Righ Pregquency prediction codes of the US Acmy Communications Comsand. Temperature and densfty
tables for Western Russia will be completed and disseminated for use by Army Artillery units.

5. Program to Completion: This is a contimiing program.




FY 1979 RDTE CONGRESSIONAL DESCRIPTIVE SUMMARY

Program Element: #6.21.20.A Title: Nuclear Weapons Effects, Fluidi
DaD Missiom Area: £152 - Ordnance Technolo Budget Activity:

A. RESOURCES (PROJECT LISTING): ($ in thousands)

Total
Project FY 1977 rY 1978 FY 1979 FY 1980 Additional Estimated
Rumber Title Actual Estimate Egtimate Estimate to Completion Costs
TOTAL FOR PROGRAM ELEMENT 7883 8275 5788 7124 Continuing Not Applicable

AR25-01 Nuclear Weapons Effects
Research 7000 1275 4978 6124 Continuing Not Applicable

AR25-~02 Fluldics Technology 883 1000 810 1000 Continuing Rot Applicable

B. MRIEF DESCRIPTION OF ELEMPNT AND MISSION NEED: The Secretary of Defense in a report to Congress on the Theater Nuclear For
Posture in Europg, im I%i5 stated that theater nuclear-forces must be sufficiently survivable to have a credible retaliatory
capability amd sasrsdly, that NATC conventional forces should be able to operate satisfactorily in a nuclear environment. To
meet theee requiimmswin, a Nuclear Weapons Effects Research program to assure the survivability of Arwy materiel during and after
a nuclesr exchengs Ls reguired. Environmental definition, hardening assessment, development of hardening fixes, and evaluation of
the nuclesr surviwsbility of operational forces are parts of the program. The fluidic technology program provides a coordinated,
Arwy-wide program fur the design, development, testing and feasibility demonstration of fluidic systems for use in Army materiel.
Fluidic systems afifer ihe potential of greatly improved reliahility, availability and maintsinability and reduced 1ife-cycle costs

vhile providing fmmrwwesl smd-1tem performance.

C. BASIS +rOR FY I#M BNFE REQUEST: Nuclear hardening of critical Army equipment is essential to mission accomplishment. The
approach is to evaluste and improve nuclear survivability of critical fielded tactical systems to develop cost-effective hardening
techniques for eystems in development, to transfer the technology to system developers, and to evaluate the effectiveness of
hardening oa fighting unit survivability. Hardening fixes for critical equipment from the forward edge of the battle area
through Corps will be available in FY 1979. Technology will be developed to insure that hardness is maintained during production
and fielding of systems. Tests of fluidic controls for diesel engine fuel control, snd back-wp fuel controle for high mobility




Program Element: #£6.21,20.A Title: Nuclear Weapons Effects, Fluidics
Dod Mission Area: 152 - Ordnance Technology Budget Activity: #1 - Technology Base

combat vehicles will be inttiated. Feasible fluidic suspension system components will be fabricated and tested. An fater-lock
traction transfer system for tactical wheeled-vehicles will be avaluated. Progrem coordination, critical compoment development,

and reliability programs will continue.

1
D. OTHER APPROPRIATION FUNDS: Not Applicable. !

E. DETAILED BACKGRGUMD AND DESCRIPTION: The nuclear weapons effects (NWE) research program is an integral part of the Arwy
Nuclear Survivability Program. The NWE research Program 1s structured to provide adequate environmental definition for all nuclear
weapon effects; to develop appropriate hardening fixes; to provide techanology for including nuclear survivability hardening

during design and testing of systems in development. This 1is the Army's only program to provide the technology that ensbles
development of equipment that will be survivable on the tactical nuclear battlefield. Flutdics offer low coat, high reliabilicy,
intrinsicly safe caatrol systema that can operate in harsher environments than other controls, adaptive suspenation systers for
vehicles, and fuze-arming controls. This Program accomplishes these advanced development efforts, developing candidate systems
enough to demonstrate the feasibility of transfering to system development ss cost-effective improvements.

F. RELATED ACTIVITIES: Nuclear wespon effects research is part of a Tri-Service effort 1in coordination with the Defense Muclesr
Agency. It is a vital amd essencial part of the Army Nuclesr Survivabilitv Program. It is related to Progrem Zlement (PR) 6.36.04
(Advanced Veapons Effect and Nuclear Munitions), D153 (Nuclear Effects Swport Team), which provides for iechnological assistance
to materiel development agencies. All sppropriate programs for missiles, combat vehicles, command control and commurication
systems, and battlefield intelligence systems are supported by these efforts. Fluidic technology follows up on research

in PE 6.12.02.A, Research in Fluidics, Nuclear Effects and Ordnance Electronics. The program ledds into PE 6.31.03.A,

Fluidice Advanced Development. Additionally, 1t supports the work of the Joint Technical Coordinating Group - Fluidics.

G. WORK PERFOMMED B: Rarry Diamond Laboratories, Adelphi, Mb; Ballistic Research Laboratory, Aberdems Froving Ground,

MD; US Arwmy Electromnics Research and Development Commend, Fort Monmouth, KI; US Army Misstle Research mmi Eavelopment Command,
Redstone Arsenal, AL; White Sands Missile Range, NM; US Army Tank Automotive Research and Development Commsnd, Warren, MI; Air
Mobility Research and Development Laboratory; Fort Ewstis, VA; US Army Mobility Equipment Research and Bammiopment Cosmand,

Yort Belvoir, VA. Contractors include General Electric, Schnectady, NY; -AVCO, Wilmington, MA; Universiiy mi Florida, Gainsville,
FL; Shock Hydrodymamics, Ventura, CA; Physics International, San Leandro, CA; GTE Sylvania, Needham, Mij Erience Applications,
La Jolla, CA; Kaman Sciences Corporation, Colorado Springs, CO; Missioc~ Research Corporation, San Diage, Ci} Kaman Avidyne,
Boston, MA; Braddock, Dunn and McDonald, Albuquerque, NM; Unidynamics, Phoenix, AZ; Northrop Corporatien; Riwthorme, CA; Denver
Research lastitute, Denver, CO; Lovelace Foundation, Albuquerque, NM; BIX Engineering Incorporation, Werms,; IN; Martin-Marietta
Corporation, Orlando, FPL; Bendix Corporation, Detroit, MI; Honeywell, Minnespolis, MN; AfResearch Manufacimring Cospany, Phoenix,
AZ; end Try-Tec Corporation, Columbia, MD.
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Program Element: #6.21.20.A Title: Nuclear Weapons Effects, Fluidicy

DoD Mission Area: #152 - Ordnance Technology Budget Activity: #1 - Technology Base

planned. Expansion of efforts will continue to manage nuclear survivability during production and offer fielding of systems.
Low altitude electromagnetic pulse (EMP) hardiare fixes for appropriate critical equipment will be developed. Rfforts to
calculate and measure the synergistic nature of nuclear effects on equipment will begin. The Tactical Operation System (T0S)
will be hardened to high altitude EMP. The hardened shelter program will continue. Nuclear survivability efforts in support
of emerging technology such as optical and laser components, fluidic devices, mnd micropover integrated circuits will continue.
Engine test of fluidics fuel controls will be developed, a laboratory evaluation of backup turbine fuel controls will begin,
feasibility on seai-active suspension systems will be demonstrated and a fuel mass flow meter for helicopters will begin
development. The change in funding betveen FY 1978 and FY 1979 is dus to deferral of nuclear survivability tests uncil 1980,

4. FY 1980 Plammed Program: The bulk of the electromagnetic pulse (EMP) hardening work on all appropriate tactical
equipment will be completed. Hardness assessment of critical equipment to all nuclear effects will continue. Hardness
assurance efforts will continue. The hardened shelter program will be completed. The fluidics fuel maas flow meter will
be continued; fluidic control systems for laser controls wvill be designed and tested for feasibility. Self generating
fluidic power supplies (hydraulic or pneumatic) at wheel sxle will be fabricated and tested. Nuclear survivability tests
will be initiated. .

5. Progras to Completion: This is a continuing prograa.
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FY 1979 RDTE CONGRESSIONAL DESCRIPTIVE SUMMARY

Program Element: #6.22.01.A

Title: Adrcraft Weapons Technology
i DoD Mission Area: #145 - Guns and Related Technology

Budget Activity: {1 - Technology Base

‘A. EESOURCES (PROJECT LISTING): ($§ in thousands)

Total
Project FY 1977 FY 1978 FY 1979 FY 1980 Additional Estimated
Nusber Title

Actusl Estimate Estimate Estimate to Completion Costs
TOTAL FOR PROGRAM ELEMENT 1613 1227 1910 1506 Continuing Not Applicable

“Swo Alrcraft Weapons Technology 1613 1227 1910

B i 1 This progres geaprates conmple mmd dessssirales ihs technical Messibliliy fer appliceties of
il vrmred  Er—— wanpems tn Arey elrcosft.
|

nrﬁmwmﬂmﬁ. Frogrem sffetts elll result s the lategratlon of o high performmes pom with comatmit
i pois (1
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—— siveraft il ks complated e kardusrs fshricetion For o Teasibiilry dessnetregiom wi]l] begin, Fire oonivel saré In

1506 Continuing Not Applicable
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parei tes fim the Tri-Gayvice Joint Technical Coordinating Group Mor ALy Lummrched Wes-Wuclonr Ovimssss, sv orgestsstios - i
d at the msjor fleld commsmd level. This group provides a medium for #xchangs of terhmiral infermstios dssd decersisstlon g
oint use implicatisms. AA Afmy represent