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FOREWARD

This report describes work conducted by TRW Systems under Contract AFO4- (611)-11316
during the period April 1966 to March 1967. The purpose of this effort was to com-
pile data, update text, and publish revisions to a design handbook on aerospace

fluid component technology entitled '"Aerospace Fluid Componsnt Designers' Handbook!',
The initial preparation of this handbook under Contract AFO4(611)-8385 is described

in Technical Report AFRPL-TR-65-238. The Air Force Rocket Propulsion Laboratory

was the sponsor for this progrem. The Air Force Project Manager was James L. lawrence,
and the TRW Systems Project Manager was Terry M. Weathers.

James R. lawrence
Project Engineer
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ABSTRACT

The report describes the program of literature and industry surveys, data campilation,
writing, editing, etc., which led to the publication of Revision B to the Aerospace

Fluid Component Designers' Handbook. The purpose of the program, approach to updating

of the handbook, results of surveys, problems ercountered during the handbook prep-
aration, and recommendations for future efforts are discussed.
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I. INTRODUCTION

The Aerospace Fluid Coaponent Designers' Handbook was conceived as a means for avoiding
some of the waste in time, money, and technology resulting from the fact that a valve
designer faced with a new problem previously had no ready access to the experience of
designers before him who were faced with a similar prcblem. The handbook has been
prepared to provide a readily available single source of basic data on fluid component
technology organiged for ease of use by design ard application engineers and readily
adaptable for ease of expansion and revision to accamodate new information.

The data compilation, organizing, writing, editing, and revision of the handbook has

been performed by TRW Systems under contract to the Air Force Rocket Propuleion Lab-
oratory. A description of the original program from inception through publication of

the initial document and the first revision is contained in "Preparation of the Aero-

space Fluid Component Designers' Handbook", Technical Report AFRPL-TR-65-238, December 1965.

This final report has been prepared both to document the progress of the Aerospace
Fluid Component Designers' Handbook Program from 1 April 1966 to 31 March 1967, and '
to set forth the experiences associated with preparation of the second revision.
Future reflection upon these experiences, combined with evaluation of the success of
various techniques employed in the program, are expected to be of significant value
towards the preparation of similar handbouks covering other subjects, as well as
towards making further revisions to improve the quality of this handbook. Therefore,
this final report presents a discussion of the approach taken towards performing the
varicus program functions, pertinent comments and statistics associated with the surveys
conducted, a sumary of the problems encountered during the program and how they were
solved or circumvented, and a list of conclusions and recommendations based upon these
axpzriences,
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ITI. HANDBOOX DESCRIPTION

A. HANDBOOK PURPOSE

Ths Aerospace Fluid Componont Designers' Handbook provides a comprehensive up-to-date
engineering manual intended for use by the designers and users of aerospace valves
and related fluid camponents. ' Proviaion for perivdic revisions to maintain currency
is a fundamental aspect of the handbook program.

B. HANDBOOK CONTENTS

The hanivook (illustrated in Figure 1) is addressed primarily to the subject of fluid
flow control componente, although other related fluid components such as connectors,
filters, and flowmsters, as well as pressure, temperatur:, and fluid-level transducers
are included. Non-valve fluid components are treated in the handbook primarily from
the standpoint of their selection rather than their design. The handbook includes

basic theory of heat transfer and fluid flow contained respectively in Sections 2.0
and 3.0. A brief discussion of how valves are used in typical aeivspace fluid systems

is included in Section 4.0. Section 5.0 of the handbook describes fluid components

by general classification and design types. Components are discussed with respect to
performance characteristics and applications and limitations for various aercspace

services. The Fluid Components Section also includes a glossary of fluid component.

terminology. Section 6.0 of the handbook covers the design and selection of the
various modules which must be integrated into a valve design. These modules include

basic valving units, seals, springs, bearings, bellows, diaphragms, and actuators.

Section 7.0 of the handbook presents dynamic anslysis techniques including servo
theory, vibration and shock analysis, and component dynamic performance analysis.
The use of camputers, both analog and digital, as design tools are di-~cussed in
Section 8.0. Section 9.0 discusses the subject of fluid component sp.cifications,
including a description of specification types and presentation of guidance for the

preparation of adequate specificationa. Included in this section are tables listing
specifications and standards commonly referred to in camponent design specifications.

The subject of contamination and cleaning as related specifically to fluid components
is discussed in Section 10.0. Included in this section are techniques for contrelling
contamination as well as design considerations for minimizing contamination sensitivity
of fluid components. Section 11.0 presents the subject of reljability, briefly
sumariging reliability definitions and mathematics and discussing camponent design

factors to be considered in maxidzing fluid component reliability. Section 12.0

2
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presents data on pgterjals used in aercapave valve design. In addition te conaidering
physionl properties ot commonly-use: fluids and structural materials, this section
presents guidelines for selencting materials based ca propellant coxpatibility. Data

on permeability and friction coefficients are also presented. Section 13.0 presents
the envirommental considerations important to the aerospace fluid component designer.
Envirempents included in this secticn are pressoure, acceloration, shock and vibration,
the atmosphere, temperature, space envirorment and corrosion. Useful general engin-
eoring data ard conversion factors are presented in Appendix A of the handbock. A
Revision Record Section (Appendix B), a pjbliogrephy and an index camplete the handbook.

C. PUBLICATION DATES

Due to funding and schedule considemtions, the initial handbook publication was divided
into two basic ph~ses, each phase involving publication of certain sections to the
handbook. The following material was included in the first phase of the program:

Section 1.0 Introduction

Section 2.0 Heat Transfer

Section 3.0 Fluid Mechanics

Section 4.0 Fluid Systems

Section 5.0 Fluid Componerts (except Connectors)

Section 6.0 Modules (except Valving Units, Static Seals and
Dynamic Sealsg

Section 7.0 Dynamic Analysis

Section 8.0 Computers

Section 1C.0 Contamination and Cleaning

Section 11.0 Reliatility

Section 13.0 Envirorments

Appendix A Enginesring Data and Conversion Factors

Bibliography

Index

Pub.rication of the material included in the first phase of the handbook effort was com-
pleted in May 1964. As soon as the first phase publication effort was completed, the -
progrem continued toward the preparation of the remaining sections; namely, Connectors,
Static Seals, Dynamic Seals, Valving Units, Section 9.0 Specifications, and Section 12.0
Materials. Publication of this material was completed in December 1965. These newly
added sections were distributed to all holders of the handbook in March 1966. In
addition to the new materials, changes to already published material were distributed
in the form of scme 30 revision sheets correcting and/or updating published material.
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This cambination of additions and revisions was designated Revision 4 and increased the
sise of tre handbook tc slightly over 1000 pages. Also with the Reviaion A package, a
vecond loose leaf binder (Volume 2) was provided to accommedate additional pages. All
handbooks distributed after March 1966 were updated through Reviasion A by TRW Systams
and shipped as completed two-volume documents.

The effort described in this report resulted in the revising of over 200 pages and

the addition of 16 new pages, constituting Revision B. As a result of the necessary
reprinting of unrevised backing pages, the total page count fcv the Hsvision B packages
ran well over 300 pages. Thess Revision B packages were distributed to all holders of
the handbook in March 1967.
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IIT. PROGRAM APFROACH AND RESUITS

A. DATA ACQUISITION

1. Iiterature Survey

As was the case in the initial program, a major portion of the handbook updating program
conaisted of an extensive search of the technical literature. The facilities of the

TRW Systems Technical Library were primarily utilized in coriducting the search. The
location, screerning and acquisition of references was performed primarily by the TRW
Systems Project Manager and support personnel. The literature survey during this period
was concentrated upon material relating to the following sectiona of the handbook:

2.0 Heat Transfer
3.0 Fluid Mechanics
5.0 Components

6.0 Modules '

7.0 Dynamic Analysis

Whenever a document containing applicable subject matter was located, a bibliabstract
card was prepared citing the reference by title, author, etc., in addition to giving
appropriate descriptors. An abstract was typed on the back o. each card. A sample
refsrence card is shown in Figure 2. Cards on perfinent references were then keypunched
thereby coding the source and descriptors {in accordance with those shown in Tahle 1)

on the periphery of the card, making the card readily retrisvable at a later date by
gorting the gock with a sorting nesdls. The rsfersnced cairds proved to be a convenient
means for making the resulty of the literature survey readily available. By sorting
the deck of bibliabstract cards using the desired descriptors, one may quickly review
all of the references dealing with the given subject.

Approximately 30C pertinent new references were located during the course of this ex-
tension of the literature search. Of this total mumber of pertinent references, 69
were actually used in the completion of Revisicn B of the handbock.

2. stry Sw-ve

‘The purpose of the industry survey was to gather - ponent design data, as well as to

gain the support of industry in augmenting the literature : :arch effort and evaluating
the functional quality of the handbook. The iidustry survey was initiated by dis-
tribution of a questiornaire to ths 548 holders of record in May 1966. The guesticnnaire




¢
b
.

P

ew s

- i s

m i ot

N 0 0600,9000000600000006006800000000,

o,
by . . .
.&“'" AP REED B0 B8 DU B R 08 RE BE PR R0 D0 B0 AL LA EETI H BAIAA IRAGARARAE SN SE NDUEN N

CeCaOeOENGIBBOGOOLY

4

ROSKET ENGINE VALVE POPPET AND SEAT DESIUN DATL
by G, F. Tellier ard others -
Roaketdyne Div., North American Amums Inc., Canogs Purk, w.us ;

CONPONINTY TYPE &""/1
Tellder, Q. F. ! :

Rocketdme Rept. R-3.:94, Contr. AMWL(611)~-8352, Proj. No. 6752,
Taak No, 673304, RPL- . May i, 489 pp., fige., tbls, refe.

(49, €6, 63,74)
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Campanen? Type ’

Medules Seats and Poppets 4

Systems

Typeo of Dove Design 19, Test 20
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Envirenments
Fiuid Media

Misc. Subjects Bivliography 15
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Presented is a description of the work accomplishad in susmarizing
curraat valve design technology apd providing fundsmsital os*al-*o-metal
seating charscteristic design dsta. 1ho progres vas coonducted in two
phases.

Meaze I Vas & survey oF pariineni patanie, twchnical litsreture, sad
industry data to determine current technolegy levels und indicate
specific areas vhere infurmation wes lacking or chsolexe. ‘The
sccumlated material produced litile worthwhile information on either
the mechnics of realing or the correlation betwesn theorstical aad
actual charwcteristics.

% se II sffort invelved cnalytical ood empirical stulies of the
davtall aopects Of valve sealing. Test mxiclr were febricated with
particuler dophasis pliced oo descridbing tue resultant ssaling sarfanes.
Leakage flow dets were obtsined for the neer-seatdd condition Tesulting
in g20d correlstics with thuoretical preiictiocns. The stress-leekage
relationship in the ocn-aseted condition was empirically investigated
»8 a tunction of surface snd metericl variations, pressure, sad fluid,
‘The resulting informmtive, together with lnspection evidence supporting
avduced test evwrface finish conditions, s presentad. A watheantical
sent mode’l and malytical technique wes formulated which permits orders
of-wagnitule prediction of the trecs-lealrgs chaTscteristic and is
wesmtad 1n the fore of derivation ssd grephe of paywmetric et aes vs
lvakege dats.
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Table 1. Categorised List of Descriptors
(¥umbers in parenthesis correspond wvith descriptor nusbers following references)

A. COXNFONINT TYPE D. TYPES OF DATA
Accumalators (96) Comparison (55)
Pall Valves (A7) Derign (56)
Butterfly Valves (9) Dynemic Analysis (34 and 57)
Chock Valves (10) Punctional Performance {58)
Connectors (Fitiings) (20) Relisbiiity (59)
Control Valves (ur Static Analysis (S4)
Dlephrags Valves 512) Test {60)
Beplosive Yalves {Squib) (13) Weight and Cost (99)
Pilters (14)
Fiuv Meters (16) E. MWIRNMESITS

Flexiblie Fluid Couplings Acceleration (61)

(Howes, Joints, Hellows) (15)
Gete Valves (‘.TS Atmoephere (9726
Globe Valver (1£) High Prescure (62)
Level Sensors (19) High Tempersture (63)

Iov Temperature (64)

Multiple ‘aesage Valves (21) Rediation (65)

Needle Valves (22)

Pinch Velves (¢3) Bpace (66)
Poppet Valves ) Vacuu (67)
sz Valves ( 285 Vibrstion (6&2
Freesure Svitchu((zg) Zero Oravity (69)
Pressure Semsors (27 5
Puzps {29) F. FLUID MEDIA
Quick Disconnects (30) Cryogenics (T0)
Regulutors (31) Kot Ges (T1)
( 3ervo Valves (32) Hydrsulic Fluid (72)
. Solenoid Valves (33) Paeumatic Fluid (73)
8pool Valves (34) Beorvedles (T4
Tomperature Semvor {35)
‘rensducers, Genersl (36) G. MISCELLANROUS SUSJTRCTS

Vacuum Inrtrusents {37)

Valves, General (36) Anelog Camputers (15)

N P TS ‘{hl‘!mﬁnhv ("

VGl ALl s VLT EN \W]
Contaaivation md Cleaning (77)
Vent and Relief Valves (39) Corrostun (18) - ng
Digitad C ters (79
B. NODULES Fluta no""f“
Bearings and Pivots (41) Fluid Power Control (M)
Beliows (10) Neat Transrer (83)
Maphracms (43) Leskage (84)
Mechen’ . al Couplings (Ud) Jubrication (85)
Oritices ani ¥ovzles (45) Manmfac turing (8C;
Pockings {(US) Materials (87)
8e2ls, Static (L8) Materialr Compatibility (95)
S#als, Dynsaic (wz Propellant rties (82)
Sents ond s (49) Relisbility (889)
8olermids (50) Soalants (93)
Syrings (Sl Specifications (89)
Jemperature Comperaators {52) Btorage (90)
Testing 985
c. syorms Tubi, Il)ld Piping (k)
Attitude Control (1) ¥ear (91
Hot Ges (2 (1) Welding end Braging (98)
Rréralic (3
Pneumatic 14

Propellant Fewd (5)
Servo (6)
Thrust Vector Cautrol (7)
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ARROSPACE FLUID COMPONENT DESIONERD' NANDBOOK
STATUS QUESTIONNAIRE

1. ADDRRSSEE. Our records indicate that copy No. 0 9 4 is held by:

TRW SYSTEMS ‘
ONE SPACE PARK
REDONDO BEACHs CALIFORNIA c
) omputer Printout

X16 43

If this is not now accurate, please correct above cr insert the correct
address below,

124 Address Changes

2. BANDBOOX STATUS. Please check or £ill in as applicable.

Volumes I snd II are intect and complete through Revision A.

The following material 1s apparently missing.

3. HRIRIBOOK UBE. Hov is this copy of the hendbcok used? Plecse check the

nost applicsble or explain below:

88 ysed regularly
130 Used occasionally
12  Used vory little
3 __ Hot used; rile copy only
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was designed to encourage response by minimiging writing effort and by including a pre-
addressed return envelope. Scme 243 questionneires (44.3%) were returned and the statis—
tical results are sunmarised on thc ssample questionnaire shown on the following pages.
The replies to question No. 2 un the second page of the questionnaire were used as the
basis for considering future additions of material on . trees analysis amd camponent
testing to the handbook.

The questionnaire replies also formed the hasis for numerous telephone and letter
contacts with interested handbook users as well as visits tc 20 campanies where the
hendtock is in use. These contacts and visits have proven to be most useful in acquiring
unpublished design data for updating the handbock and in gaining a more thorough under-
standing of how the handbook is actually being used in ind‘uatry.

B. CUPILATION OF REVISION RECOMMENDATIONE

As a result of the surveys and other expsrience with the handbook program, two sets of
recomended revisions and additicns were prepared in August 1966. The first of these
consisted of the revisions to be made to the handbook under this progrem. This 1list
was axpanded appreciably by the time Revision B actually went to press, both as a result
of additional new data received and ~s a result of various opportunities for upgrading
of the original text which were not: . in the process of actually incorporating other
reviaion material. The second list consisted of recammendations for future program
efforts and comprised several major revisiuns and additions of new sections on the
basis of the industry survey. These recommendations may be found in the Conclusions and
Recamendations section of this report.

C. WRITING AND EDITING

The approach to the writing and editing task for Revision B was essentially identical
to that deascribed in ‘Preparation of the Aerospace Fluid Camponent Designers' Haridbook",
AFRPL-TR-65-238, December 1965. The only major distinction between the two efforts is
that t. s 1imited scope of Revision B permitted the Project Manager to personnally
accogplish virtually all of the writing.

D. REVIEw

In additi on to the writing and editing task associated with Revision B to the handbook,
an exi:ensive review procedure was utilised. Technically qualified personnel not directly
associated with the hardbook progrem were sslected to do a critical review of each major
revision (wherein an entire sub-section was rewritten). In some cases more than one

-11~




individual reviewed a given revisicn. In addition to review by TEW engineers, same
rev aions were reviewed by recognized experts in induastry who offered their services
i1 reviewing handbook material. After completion ° TRW review, all revision material
was submitted in draft form to the Air Force for finai review and approval which was
effected by the Air Force Prcj: Fagineer.

E. BIBLIOGRAPHY

In addition to the Bibliography Ssction of *he handbook which lists all of the references
actually utilized in the ccurse of preparin, the handbook, it was desired to publish the
campl-te results of the very comprehensive literature search in a separate volume. This
bibliography was published in December 1965 as Report No. AFRPL-TR-65-239 and ircludes

cross-referencing of each document by its assigned numoer, by source, and by topic.
F. PRINTING

Printing of Revision B was performed in a manner identical to iliat of the Revision A with

unstripped negatives provided by TREW Systems to the Air Fo:rce Jpace Systems Division Print ;

Shop. One thousand copies of the revision were printed by that organization with highly
satisfactory results.

G. DISTRIBUTION

A key element of the handbook program has been the strict control of distribution of
original copies of the handbook. Of even greater significance than the costs associated
with publishing and distributiig such a document, was the desire to get the maximum

Gf COpies into Lhs haikls of Wie designers amd users of asrospace fiuid components.
It is, of course, such individuals for whar the handbook was intendec and it is there-
fore these same engineers who may be expected to provide the most useful feedback ror

further impioving and updating the handbook.

amasmad. o e
LA L

Distribution control has been effected by requiring ap,roval of all requestors hy AFRPL
and by maintaining both alphabetical and numerical © sts. These lists are maintained
on keypunch carde and printed with cor ventional camputer printout equipment. This
aut.anated technique greatly facilitetes orderly additions and changes to the list of
names and addrIsses of holders of the handbook. This is e :.sential if those copies of
the handbook in use are to be periodically updated and if contact with users .s to be
rmaintained for the purpose of obtaining feedbaci .

Even with the autamated techniques employed, maintainence of an %p io date distribution
list has proven to be a significant task. During the year covsred by this report,

.y e




handbook distribution increased from about 50C copies to over 700 copies. In addition,
whe questionnaire returns indicated the need for same revision in address for over
( 50% of the addresses.
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IV. PROFIIM AREAS

(Note: "Poeparation of the Aerospacs Fluid Component Designers' Handbook", AFRPL-TR~
65-238, December 1965, set forth a number ~f problem aras sncountered in the indtial
preparstion of the handbook. £Ixcept insofar as they .iay be modified by the coarments
below, those problem areas may be considered still spplicable to this and any other
aimilar effcort.)

A, FEfFECTIVE HANDBOOK DISTRIBUTION

A problem since the selection of ths initial distribution list has been that of getting
coples of the handbook into th- hands of those design engineers for whom the document
was intended. While the majority of copies are apparently in effective use, a amall
minority tend to gather dust upon shelves of supervisory ¢ marketing personnel. Con-
versely in some areas where the handbook sees constant use, the lack of sufficient
copies reportedly drives the frustrated design engineer to seek other sources of infor-
mation. Wherever either situation has been encountered, steps have been taken to get
idle handbooks into the proper location or to recammend additions to the distribution
list. It had been hoped that the ready availability of copies of the handbook fram

the Defense Documentation Center, Alexandria, Virginia would alleviate the latter
situation, but tc date the quality control problems associated with microfilm reproduc-~
tion of tha handbook's fine print ihave rendered this source relatively ineffective.

As of 20 March 1967, DDC has reportedly received 527 requests for copies of the handbook
and in view of ‘nis high demand efforts were being initiated to improve the quality

of reproduction.
B. PRINTING

Exceptional attention to detail in all steps of the printing procedure is necessary
for a handbook of this msture. The necessiiy for such care was again emphasized in
the course of preparing Revision B, wherein many proolems of prcéious printiigs were
canmplets-ly eliminated but others recurred in small quantities t» mar an otherwise
near-perfect printing job.

C. PROPRIFTARY DESICN LIMITATIONS

Although the great majority of requests to industry for design inforn ation were readily
answersd, several manufacturers declined to release very desirablie data for proprietary

rsasons.

e



D. REVISIOL INSERTIC

The effort required to ipdate a Revision A copy of the handbook tv Revision B is ex-
ceasive (in the order of cno-half man hour). This atems from the fact that most of
the over 300 pages of the Revision B package are Individusl pages rather thaa s few
large blocks of many pages. Reprinting of conmplote sscticns or even the entire document,

rether than only diacrete pages, would alleviate this problem.
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VII. CONCLUSIONS AND RECOMMENDATTONS

A. HANDBOOK ACCEPTANCE

Br.sed on extenaive fasedback fram component manufacturers, asruspace prime contractors,
arl govermment agencies, the handbook 1is definitely fulfilling its intended purpose
and has gained wide acceptance and extensive usage by bo!'h designers and users of

aerospace fluid compHnents.
B, SUBSTANTIAVION OF PREVIOUS RECOMMENDATIONS

Experience during the course cf Lhe past year's effort hae further substantiated the
na3d for better materials campatibility data ard flow characteristization techniques,

so thene recommendations are reiterated below.

1. Materials Compatibility

Baused on the experience of campiling the materials compatibility data for the handbook.
it can be concluded that a concerted effort directed towards campiling use type of
materials campatibility data would be a most beneficial endeavor. A canvassing of
user experience in valves operated with various corrosive propellants might prove
to be far niore beneficial than an extensive laboratory test program utilizing the vsual

static analysis technique for determining campatibilit;~.

2. Flow Characterization

A program addres - ad to the confusing problem ass=ociated with accurately identifying
valve flow capac.ity could potentially result in a significant advancement of valve
taochnonlogy.

C. FLUXDICS

The questionnaire returns revealed an extresurdinary interest in the addition of fluidic
design data to the handbock (nearly twice the interest shown for any other subject).
The constant flow of new liverature on the subject clsarly illustrates that this rel-
tively new technolozy j¢ definitely within the state of the art in some industries
(1.»., machine tools;, alth..gh effective aero‘nace applications have been vary limited
to date. It is incumbert upon & document as highly regarded throughout the inductry
as tne handbook to trsat such a popular related subject. Ideally such treatment should
can.rise a comprshensive section on the design of fluid components utilizing fluidic

~16-
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principles (such as a fluidic vaive for sscondary injection thrust vectc.' control).
As a minimum the handbook should #::u:ribe basic fluidic principles and clearly define
the mmerous problem areas (such as the influence of variations in temperature wund
density) which have limited the mumber of aerospace applications of fluidics {o date.

D. COMPONENT TESTING AND STRFSS ANALYSIS

The qnestionnaire returns also chowed a high level of intereat in the areas (i .om~
ponent testing and stress aralysis, and plans are presently underway “or the addition
of these subjects to the handboak.

E. BIPROPELIANT VALVES

The unique nature of bipropellant. valves and the interesting design conzepis now in
use warrant inclusion of this subject under Sub-Section 5.2, Shutoff Valves.

~17-
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Security Classification
14.

KEY WOROS

LINX A
"OLK

Link ®
AL, &

wY k3

1. ORIGIMATING ACTIVITY: Ente. the name and gddress
of the con‘rartor, subcontractor, grarntes, Department of De-
fonse activity or othor orgacization (corpourate suthor) isauing
the royam.

2a6. REPIORT SECURTY CLASSIFICATION: Ernter ihe over
Al security clossification of ih» raport. Indicate wherher
"Reavicted Data’’ is inciuded Marking !« o be in accord-
ance with appropriate security reguistions

26. GROUP: Automatic downgrading is specifisd in DoD Di-
cective 3200. 10 and Armed Forces fadurtriel Manual, Enter
the group number. Also, wiwn applicable, show that cptional
narkings have been used for Group 3 sad Croup 4 an suthor-
issd.

3, REPIRT TITLE: Enter the compleie report title in all

capitai letters. Titles in all casea shouid be uncleasified.
If a meeningful title cannot be selected without clegaifica.

tior, show title claasification in el capitals :n parenthesis
immediately following the title.

4, DEGCRIFTIVE NOTES: If sppropriste, enter the tyne of
report. . g., interim, progress, summary, annuel, or final,
ive the inclumive dates when a specific reperting period is
cévered.

S. AUTHOR(SX Enter the nasws) of author(s) as shown on
ot in ths report. Enter last nams. ficst name, middiv iaiviat
BT miittary, ehow rank sad hreaeh of sevvice. Toe aame of

the princiosl o:ithor i an sdwolute Sinimum roquirement,

& REPORT DATL: Ester the ozt uf the repcrt ae day,
monih, year, or momh, yenr. I! more than one date appears
op the report, use date of publication

Te. TOTAL NUMBER OF PAGES: The total page count
skould ‘ocliow normal paginstion procedurec. i.e., enter the
mamber of pages comaining information

TS, NUMBER OF REFERENCES Enter the totel number of
references cited in the rapon.

8s. CONTRACT OR GRANT NUNBER: !f cputopriate, enter
the sppiicoble number of the contract or grant under which
IMe repor wan writton

8h, &, & 8. PROJECY NUMDER: ZEnter the appropriste
mititary department (dentificetion, such as project number,
sebpsiect mumbaer, system numbers, task number, eto.

S8, DRIGINATOR'S REPORT NUMBER(S): Enter the cifi-
clal repoct number by which the document wil) be identified
ond contsalind by the ovisinating activity, This number must
by ualque to (i reycet.

9. OTHER REPORT NUMBER(E): Ii the roport has been
sonigned any sthar raport numbors {vwither by “he vriginsior
ar by the sposacr), aisd snter thii numibev(s).

Q. SVAILABILITY LIITATION NOTICEEZ Rater any lim

| =

INSTRUCTIONS

Sations o3 fwrde aissvmmetion of the repori, other than these)

impgned by socuritv classificstion, using standard ethtaments
@ «ch en:

(1) “*‘Qualified requosters may obtsir. copies of this

rep3et from DD
“Foreign announcemeni and dissemination of thia
report by DIC is not authorized ™

Y. 8. Government agoncise may ob.zin copies of
this report dirsctly from DDC. Other qualified DDXC
usera shall request through

()

(»

"
“/U. 8. military agencies may ottuin copies of this
renort discctiy from DDC. Other qualified ceors
ahell request through

4)

11 distribution of this report is conirolled Qual-
ified DDC umare shall request through

(3)

”»
If the report has been furnighed to thy Office of Technical
Serviced, Department of Commeece, for sale to the putlic, inde-
cate this fact and aster the price, if known

1L SUFPLEMENTARY vsisllt Use far additional se=tans

toFy aDitee.

12. SPONRORING MILITARY ACTIVITY: Enter the sime of
the departmental project office or lsboratory sponsoring (pey-
ing for) the resastch and development. Include addrass.

153. ABSTRACT: Eater an abstract giving o brief and fact-al
summary of the document indicarive of the report, evor though
it'may aiso eppear elzewhare in the bhaody of the technical re-
port. If additional space ia required, a continustion sheet shalf
be atiached.

¢ is highly desirable that the abatract of classified mports
be unclsgsified. Eack paragraph of the sbatract s.ali end with
&n indication of the military security classification of the in-
formation in the paragraph, represented as (TS§). (5). (C), ar (K.

There is no linitaticn on the length of the abstrct.
2¥xr, the suggested length is from 150 to 225 words.

How-

it. KEY WORDS  HKey words are technically meaningful tenns
or short phrases that cherecterize a report and mey be uned an
indax entries for cetaloging the report. Hey words sauvat be

nelected »o that no security classificstion io required. Idenii-
fiers, suct az equipmeni mode! dexignation, irade name, militery
projact code name, gevgraph.. location, may be used as key
words but will be iocllowed by an indicauon »f technical con-
text. The assignment of lieks, rules, any weights i optirnal. -

.
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