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PREFACE

The past decade has seen an enormous growth in the use of computerized techniques for
structural analysis and many programs are commercially available to assist in this work. Each
program has its merits and disadvantages and it is fair to say that none are universally accept-
able at the present time.

An Ad Hoc Group to consider the problems of these major computer programs was
established by the Structures and Materials Panel at its 45th meeting. Following discussions
within the Group it was decided to invite the presentation of Specialist Pilot Papers in order
to obtain expert guidance. These papers were subsequently presented at the 47th meeting in
Florence, Italy. Two of these by Mr Andrew and Mr Taig dealt specifically with the problems
of selecting major programs from those currently available and have been published as
AGARD Report R-670. The third paper by Dr Barboni and Dr Morelli deals with a somewhat
different aspect of the problem in that, based on investigations of certain specific problems of
spacecraft, it makes a number of suggestions for the future development of computer
programs. Because of this difference in emphasis the paper is published separately.

J.A.DUNSBY

Chairman

Ad Hoc Group on Structural Analysis
Computer Programs
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USE OF COMPUTER STRUCTURAL PROGRAMS FOR THE
DYNAMIC ANALYSIS OF SATELLITES STRUCTURES

SUMMARY

The paper deals with the essential aspects of computer programs tor structural analyvsis. The dy namie problems ot
satethtes structures are ponted out

Possible future trends in these fiekds are outlined and. finally, the meamngtul features i dy namie structural
coOmputer programs are presented

1 INTRODUCTION

The use of digital computers has deeply influenced natural and engineering sciences (1) but, in the ficld of structural
design, most of the advantages of computer use i structural design must be regarded., at present, as potential rather than
actual, because the successtul application of computers to anything more than a hmited part ot the structural design
process stll has many obstacles to overcome

In the carly days of the computer, about 1930, its mamn active use in structural cngimeernng was m the mrcratt
ndustry - At that time, a need arose for the relatively accutate analysis ot complen staties and dynamies problems  Great
progress was made i the capability tor the statie and dy namic analysis of tramed structures. Fater, the aireratt and the
acrospace industry had a need for the analvsis of surtace -ty pe structures, as contrasted to framed structures, along wath
the resources to meet this need (1) (3). In this area, no meaningtul static and dynanie analysis s feasible unless the
classical concepts of structural mechanies ate reshaped and extended with a computer onented phaitosophy

Hence the great development of mterest and capability in the area of fintte element analysis which can be conadered
as the most powerful and tflexible computer onented tool Structural analy sis progressed much more rapadly as a resalt
of these developments, and it is not at all surpnsing that the hst of computer programs s both large and rapdly growing

This paper will give some attention to the essential aspects of the structural dy namies of satellites by vonsndenng
some of the computer programs which are avalable. Moreover, it s intended to point out some of the most ctitical
problems encountered by the authors in making dynamic models of acrospace structures such as the OTS antennas and
the SIRIO satellite. Finally it will consider possible future trends, suggested by experence of the computer programs
used in satellite structural analy sis

2. GENERAL ASPECTS OF COMPUTER PROGRAMS FOR STRUCTURAL ANALYSIS
Many computer programs were developed with different aims to cover the varous aspects of structural analy sis

Some programs, avatlable on the open market, were developed under the sponsorship of government agencies,
consortia and Universities. Many other programs, developed by industry tor its specific needs, are not easily available

\ general view concerming the major arcas of structural analvsis and the relevant available COMPULET programs is
subsequently reported.

@) Stress and detormanion analvsis: Most of the programs developed at the present time are those related to this area
and they are based generally on “finite element techmique™  These programs can be general purpose such as
STRUDL (O NASTRAN (5), ASKA (0), or spectalized in some area, such as STRESS (1), SOLID SAP (8)

By taking NASTRAN as a significant example of these computer programs, we remark (hat it is an analy sis program,
as contrasted (o a design-ty pe program which would have provision tor both analysis and member selection
NASTRAN s appropriate for spectal or complex problems where the correct method of design at the present tune s
() analysis by computer and (b)) member selection by some independent means (by hand or perhaps by another
computer program)

(MY Dvnarie analvsis: This area s generally covered as case of the above mentioned general purpose program
Nevertheless some special features are included to implement the dynamic aspect of the program and they come




essenti 'y trom a mathematical pomnt of view creduction of numbers ot degrees of treedom od o £ displacements
substituted by normal modes )

() Soructural contiguraiion and opromization The computer possibility of automatically selecting a structural conti
puration approaching the optimum has many attractions tor the structural engimeet However, there are substantial
ditficulties in thas area even with the computer. and at the present time the programs avatlable in this area are
generally rather spectahized and himuted in scope  Some examples in the static hield are DESAP T (9 and DESAR
C10); the design objective as to find the element sizes that mummuze the total stractural weght waithout changing the
Layout of the structure

(W Nondimear analvas . Vhe programs developed are concerned essentially with the hincar behaviour of fintte elements
Some ettort was made in the non-hinear field. such as precewase hinear static analysis, but more comphicated problems
anse i the dyvnamic field - Ouly the user’s mgenuty can solve some problems m this area

Other teatures not stnctly related to structural analysis ¢ those programs generated to mprove computer
engineerning communmcation A number of researchers have seen it to develop means to assist the program wniter Waork
of this nature has been done at MET, at the Universaty of Hhmows and tor the “GENESY S projectin Great Botan 0 D)
Fmnally . a constderable ettort was made to improve the conventional intertace between computer and user to nmunmse
tme for imput data preparation. AU present, some programs are quite promisimg by giving the stroctural engimeer a tast
way of chechmg the correctness of data mput, i addition to a very usetul output representation

3. THE IMPORTANCE OF DYNAMICS IN THE SPACE STRUCTURL

Present space programs already involve operation of complex and tlexible structures which require an extreme hght
ness of construction to optimize the design in terms of weight It means that the design entical loading conditions tor the
spacecraft are mostly of dynamic kind and are sigmificantly influenced by spacecratt dy nanic behaviour

Principal concerns in the structural dynanues are

(a)  Primary structural loads, expenienced by a satellite, which occur as a result of quasistatic loads due to acceleration or
low frequency launch vehicle bending modes. Another possible source s a longitudinal mode of vibration ot the
launcher Known as POGO (1) These loads are those to be constdered as design loads of as a basis tor estabhshing
realistic design criteria

(0 Dynamic coupling between launch vehicle and spacecraft structure, which is relevant to pnmary structure and s
varnous components.

() Interaction between the satellite control svstem and the vanous parts of the structure, especially at large and flexible
as, for example, the solar arrays.

(d)  Docking manecuver problems which must be considered in two wavs, one is the changimg of maodal properties of the
system during the docking event due to engagement of two bodies: the second one s the excitation ot large non
lincarities as, tor example, propellant sloshing

I'heretore, structural dynamics influences significantly the design ot large, flexible and complen structure systems
and the dvnamic characteristics must be detined accurately in the catly stage ot design

Looking at primary structural loads and dynamice coupling in more detail, the most important launch velucle modes
of vibration have generally very low frequencies, less than 20 Hzo I spacecratt have normal modes out of this frequency
range, Little dynamic coupling may be expected and the launch loads may be considered as static loads

The atorementioned problems can be synthesized as “structural design under dynamic constramts™ - As an example
of this kind of problem, we consider a medium size telecommunication satellite to be launched by the SPACE SHUTTL L

To achieve the geosynchronous transter orit from SPACE SHUTTLE circutar parking orhig, 1t s necessan (o use an
upper stage. Theretore the SHUTTLE payload will consist of spacecraft, upper stage and a structural assembly to support
and to separate both of them from the Shuttle

To design an optimum configuration of such a structural assembly, the following mam requirements should be
satisfied

mnimum weight.

mimimum length,

geometncal constramnts of the Shuttle,

dvnamic charactenstics such that the payload is dynamcally decoupled trom Shuttle,
accommaodate ditferent spacecratt




I'he approach to have the lowest payload natural frequencies higher than the launch vehicle ones does not lead to a
weight optimized configuration. Then it i1s necessary to gccept that payload frequencies are within the range to be
avoided, provided that they are decoupled from launch vehicle fundamental frequencies

In this case, only the use of very sophisticated and reliable models can ensure that the dynamic behaviou:
overall system is in compliance with the requirements.

4. STRUCTURAL DYNAMICS AND THE COMPUTER USE

(a) Some results of joint efforts done by the University and industry are presented as an interesting learning experience
which came to the surface in the field of mathematical modelling of structural dynamics.

One effort involved development of a NASTRAN model of the spot beam N° 4 antenna of the OTS satellite. The
model was developed to verify that the natural frequencies are decoupled from the satellite, and the validity of the
model was established by comparison with experimental tests.

A detailed description of the model can be found in (13) (14). The structural system has been considered to be an
assemblage of two subsystems, one the reflector, the second the supports. Much care has been given to the study of
the models which have been constructed with the concept of using the minimum number of elements compatible
with a consistent precision of results without burdening the NASTRAN program with unnecessary details. This

has been done after a preliminary evaluation of the dynamic behaviour of some antenna elements.

Much effort was needed for the dynamic model of the SIRIO satellite owing to the size and complexity of the
structural elements (15) (16). Due to computer size limitations associated with long computer run times, the space-
craft configuration has been considered to be an assemblage of three subsystem components (substructures) (Fig.1). E

the SHF platform with all the instrumentation, including the despin motor and the SHF antenna:

the main load platform, including all the instrumentation, the auxiliary propulsion subsystem and the lower part
of the central cone with the load platform basket;

the upper part of the central cone, including the auxiliary platforms with the apogee motor.

The mass and stiffness matrices for each substructure were determined separately, then reduced degree of freedom
of these matrices were used to obtain the total system. One substructure (SHF platform) needed a more detailed
analysis due to its lowest frequency being close to one satellite fundamental mode. This was done compatibly with
interface problems, i.¢. to avoid burdening the other substructure models.

The final satellite model, delivered to NASA for dynamic coupling analysis, represented a 25 grid points model
resulting in overall 65 by 65 free-free mass and stiffness matrices. Comparison of theoretical data, obtained from
this model, and experimental ones, carried out during vibration tests, is shown in Figures 2 and 3.

The good agreement between the above data is an indication of the mathematical model reliability. Moreover all
the fundamental resonant frequencies of the satellite and its substructures are decoupled.

(b) The previous experience showed us that the most important conditions for a computer method are the possibility
of:
an economical application,
numerical stability,
flexibility for the solution of di{ferent structures,
flexibility to element changes.

Up to now there does not exist a computer program which satisfies completely all the above conditions at the same
time. In order to obtain reliable results in a cost effective way, it is suggested as first step to carry out a preliminary |
analysis with a very simple model. This kind of investigation is essentially useful to:

identify the most important elements which can produce undesirable frequencies,

i not discard prematurely promising approaches because there are not sufficient resources to investigate many of
‘ them.

i R R

Hence, the analysis procedes by using detailed models and more sophisticated computer programs. Sometimes, only
the ingenuity of the structural engineer can take advantage of preliminary analysis results to prepare an implemented
model because the programs are not usually able to take advantage of them automatically.

In case of re-design of some element, generally it is necessary to remake the model not only for the element itself
but also for elements located along its boundary. The need could produce a cascade effect with onerous consequen-
cies on the modelling process. Hence the dynamic analyses are approached by an iterative process of design, ‘
verification, redesign and so on which is not automatically drawn out by computer. The problem is more complex |
if we consider that the analyses must be generally carried out under dynamic constraints which at substructure level
are not, a priori, known.

:.ﬁ




(a)

(L))

In conclusion, it seems that an effort should be made in this area to develop such a computer program able to solve
the aforementioned problem more especially from an industrial than from a theoretical point of view

FEATURES OF STRUCTURAL DYNAMIC COMPUTER PROGRAM

From a general point of view the structure dynamics computer program should be developed to meet specifications
which could take into account the following main general aspects
to be economically competitive at “every level™ of model detail;

to combine the best of the state of art in the discipline of mechanics, numenical methods and computer
programming.

to organize the program to be dynamic analysis onented.

to establish computer independence,

to provide for automatic modification of the structural model,

to satisty automatically the dynamic constraints,

to support the program by a data bank of easy access and implementation,

to embody a large three<dimensional structure capability

to operate under a ime-shanng system
The possibility of increasing the economical efficiency of the process consists of a program talored to the model size
Figure 4 sketches typical curves of computer cost vs number of degree of freedom. General purpose programs
(continuous line) have for few d.o.f ., large size memory requirements and not insignificant program loading times
By increasing the complexity of the model the computer cost 1s more sensitive to the number of d.o.f. Itis

suggested to develop a program which also has the memory size requirement depending on degrees of freedom as
sketched in Figure 4 (dashed line)

This “taillored program™ becomes more advantageous if we note that, beyond a certain number of d.o.t., it s
necessary or convenient to introduce the substructuring technique.  This means restarting the process from the
beginning and the user can work always in the optimum area

As regards the need to satisfy automatically the dynamic constraints, two main aspects are involved
optimization under dynamic constraints

defimtion of substructure dynamic constraints.

Although most of the basic principle of structural optimization are well established there is remarkably little general
use of such advanced techniques in practical design orgamization.

Grateful acknowledgement must be given to the Working Group on Structural Optimization of the AGARD
Structures and Maternials Panel for the meetings arranged to cover both theoretical and practical aspects of optimiza
tion. Nevertheless, certain areas have perhaps not received, for our scope sufficient attention. We refer primanly to
the above mentioned second aspect which is to define the substructures dynamic constraints when the dynamic
constraints are known for the structure as a whole.

The procedures usually employed in the design or moditication of complex structures suggest designing structural
components or substructures by different engineering groups or at different times. 1t is desirable, therefore, to know
the dynamic constraints on substructures so that such designs and modifications may proceed independently

For example, if the natural frequencies of a satellite cannot be close to a given value, what are the constraints on
every substructure in order to be sure that none of the satellite frequencies is close to the given value?

A general flow diagram of the suggested “tailored program™ for dynamic analysis is shown in Figure §.

The main features of this program are concerned with the following aspects:
“large-element’ modelization,
automatic re-modelling by using optimization techniques and data bank,
determination of substructure dynamic constraints

Other blocks of the flow diagram are, of course, directly derived from existing programs, hence they are not
discussed hereinafter.

The necessary input data for modelization are the topological parameters generated through the general configura-
tion and geometrical constraints. Other input data are the dynamic constraints on the satellite as a whole.

The first step is the modelization of the complete satellite by using “large-elements” representing the actual structure
with a reduced number of d.0.f. established by the user. Each “large-element™ has to be able, by maintaining
unchanged the topological picture, to split itself into smaller “large-clements™ in order to have a more detailed
model with a larger number of degrees of freedom




The automatic growth of the model size in the frame of “large-elements” is supported by a strict interaction with
the structural engineer. When the number of d.o.f. exceeds a certain value, the substructuring technique is auto
matically introduced by the computer itself. Fach substructure is derived with its relevant constraints, geometrical
and dynamig, and hence the process starts again through the “large-element™ techniques

We remark that, at present, no reliable criteria are available to define accurately the substructure dynamie
constraints which denve directly from those of the complete structure

Finally the automatic re-modelling has to be intended as an optimization technique under constraints Supports to
this process are

data bank
implementation of finite elements.

Data bank means a computerized technical library, which is very attractive in principle. From such a library, the
structural designer or his program could quickly extract some properties of materials or typical elements used in
space structures. However, there are a number of practical difficulties which must be solved before such data banks
become really usetul. To be effective, a data bank requires both an efficient wide-spread communication system and
cooperation among the users.

The implementation of finite elements should permit finding “special” elements which have the possibility of
optimization at the level of the element itself. This should lead to a cntical review of the finite element theory from
an optimization pownt of view

Present trends involve piecewise optimization by finite elements, each one of constant physical and geometnical
charactenstics.  The suggested implementation should overcome this concept in order to obtain finite elements with
vanable charactenstics

A parallel study should evaluate the possibilities of these “'special” finite elements with respect to the conventional
ones from computer time point of view.

6. FUTURE TRENDS

In conclusion, our suggestions on future trends of structural dynamic analysis by computer can be summarized as
tollows
fimte “largeclement™ able to split itself automatically
data bank
“tatlored program™ according to the model size
evaluation of substructure dynamic constraints

special™ finite element to reach an optimization at element level.
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CONE + ABM 4
MAIN LOID
C PLATFORM
+ 2512 +TEST
ADAPTER
68 Hz |669Hz
) = ¢
Y .njﬁ _2512PAF
: 1st LONGITUDINAL
MODE
; TEST ADAPTER
"
21 Hz [|214 Hz
| 2512 PAF
] 1st LATERAL
MODE
§ _TEST ADAPTER

Figure 2




ssuodsal stweukq ¢ 81y

H o 08 o 09 03 oy
}

v

TVIN3IWIN3dX3 TO8WAS da3l110d
VOIL3YO3HL JO8BWAS N3dO

VNNIINV 34HS ! v
dTW 09 5
wav 88 °

NIVNIY 3AQON "SWNAS

IVd31v] 6 | 1ndNi

o 9




10

OPTIMAL AREA"

SUBSTRUCTURE'
TECHNIQUE
AREA

PURPOSE PROGRAM

Fig.4 Computer cost vs degrees of freedom

[
»
o
o
«
=
2 /l TAILORED PROGHAM_
z l
Q
(3] /
/
7~ '
| ——
N‘ Ng N
(do.t)




S TA—.

weldold sisA[eue dweuip jo wesdeip mo[{ ¢34

1Nd1no

NIVH1SNO

I

407G

ONIMOYD

WyyO0Hd
4dWwoo/¥3asn

3AILOVHILNI

NIVHISNO
JINVYNAC

JINVNAD
SINIVH1ISNOD] o
V14 1IN0 8ns
SISATVYNY
JINVYNAG |
ONIT7300N3Y
DILYWOLNY
WNVE Yiva
INdNI/1nd1N0

3¥NLINYLSENS

WVd30ud NIVK

viva  1ndmi

F




REPORT DOCUMENTATION PAGE

s
| L.Recipient’s Reference 2.0riginator’s Reference| 3.Further Reference
|

g i.@?w%llsiféitio; | |
of Document

AGARD-R-680 ISBN 92-835-1335-5 UNCLASSIFIED

§.Originator  Advisory Group for Ae;ospdce Research and Development

North Atlantic Treaty Organization
7 rue Ancelle, 92200 Neuilly sur Seine, France

ST USE OF COMPUTER STRUCTURAL PROGRAMS FOR THE
; DYNAMIC ANALYSIS OF SATELLITES STRUCTURES
{ 7.Presented at
, the 47th Structures and Materials Panel Meeting, Florence, Italy - September 1978. |
i
8. Author(s)/Editor(s) 9.Date l
R.Barboni* and G.Morellit August 1979
| 10.Author's/Editor's Address ’ 11.Pages =
* [stituto di Tecnologia Aerospaziale 1 Compagnia Nazionale ;
Universitd di Roma Aerospaziale 16 ,
| V.Eudossiana 16 -00184 Roma Via Salaria km 9.300 - Roma | |
12.Distribution Statement  This document is distributed in accordance with AGARD ; i
policies and regulations, which are outlined on the ;
Outside Back Covers of all AGARD publications. i

;‘L 13. Key words/Descriptors

Dynamic structural analysis Artificial satellites
Computer programs Mathematical models
Spacecraft antennas

| 14. Abstract

I

Y |
Attention is given to the essential aspects of the structural dynamics of satellites by t
considering some of the computer programs which are available. Some of the most ‘
critical problems encountered by the authors in making dynamic models of aerospace
structures, such as the OTS antennas and the SIRIO satellite, are pointed out. Possible
future trends, suggested by experience of the computer programs used in satellite
structural analysis, are considered.




S[2pow [eoneWaYIejy
$311]]318S [BIOL 1LY
SBUU3IUR 1je1030edg
swesdold 13ndwo’)
sIsAreue [eIn3onuls onueui(]

089-4-ddVOV

Old

paiutod 31e ‘311]]318S ()] ]S 24l PUB SBUUZIUR S[() 3yl
SB 4ONS$ ‘$3Jn3ondls 208ds0lise o S|3pow Jiweuip uriew
ur sjoyine 3yl Aq paalunodcus swalqoid [(eonuo 0w
3yl jo swog 3[gqereae aie yoiym swesdosd sandwos
Y3} JO 2wos 3ULSPISUOD Ag $3)1[[2188 JO SOIWBUAD [BIN]
-Oruls 2yl jO $303dse [BI3U3SS3 Yl 01 USAIZ SI UOIUaY

saded 9|

6L61 1n3ny paysiyng

340N 1) pue 1uogseg o Aq

SH4NLON04d1S

SALITTALVS 40 SISATVNY JINVNAG dHL 404
SKYEHO0Ed TVANLINGLS d91NdK0OD 40 dSN
OLVN ‘1uswdolaas(]
10y dnoiry  Adosiapy
0%9 ON Hoday Y VIV

pue  yoseasay 3oedsolay

s[2pow [BollBwaYIR)y
S3i[=1es [eLYIIY
SBUUIIUR }jR1020RdS
swesdold 13ndwo)
SISA[PUR [BINIOTUIS DIWIURA(]

0895-4-ddVOV

OLd

paiutod 2Je “311[[2188 () ]S Yl PUE SBUUIIUE S [() Ul
SB YONns '$31n3onJis 39edsnise JO S|japow oturuAp Buiyews
ut sioyine 3yl £q paI3junoous swisjqoid [eonud ISow
3yl jO 2woS  3qe[iese e yoiym swerBoid 133ndwod
3yl JO 3Wwos BULIPISUOD Aq $331[]218s JO SOLUBUAD [2IN]
-3TUls 3yl 3O s1oadse [Brjuasss syl o1 usard §1 UORUINY

ssfed 9]

6L61 1NNy paystgng

I2J0W 1) pue ruogieg  £q

S34N1LON41S

SALITTIILYS 40 SISATVNY DIAVNAQ FHL 404
SKYAD0dd TVANLINALS 4911dW0O) 40 9SN
0OLVN ‘1uswdojzraqg
Jjoy  dnoiry  Alosmpy
0%9 0N Hoday AYVIV

pue  yoIieassy  omdsoisy

S[3pOW [BINBWIYIBK
$311[[318S [BLOIUY
SPUU3IUE 1jei0a0edg
swesdoid 133ndwo’)
SISA[PUR [2INIONIIS D1WBUL))

0%9-4-dd4vOv

‘Old

paiutod 31w [T (OfY[S Yl PUB SBUUUE S ]() Y]
SB 4YoNns "s3a1n3onJis 20edsoise Jo s[apows dlweuip uryew
ur sioyine 3yl Aq palsiunodous swas(qoid [edonud sow
3yl jo swoS 3[qe(rear sre yoiym swesdosd 133ndwos
3yl JO 2wos BuLIPISUOD Aq $331]]21%S JO SOIWRUAD [Bin)
-OrUls 3yl jO $103dse [Briuasss 3yl ol usA@d St uonuany

sa8ed g

6L61 18n3ny paysiyng

I3JO'7) PUB 1UOqQIRg o Aq

SH4NLONALS

SALITTALYS 40 SISATVAY DIAVNAG dHL 404
SKYED0dd TVANLONALS d9LNdN0OD 40 4SN
OLVN “1uswdoaaa(]
1oy dnoiry  Aosiapy

0%9°0ON Uod3y QY VIV

pue  yoIeasay oedsolay

S[3POW [BONBWSYIR
S33[3aes [eOYIIY
SPUU3lUR 1jr1030edg
swesdoid 13yndwo)
SISA[eUR [2INIONUIS DIWRUA(]

089-4-0dvVIVv

‘O'lLd

paiutod 3Je *331[[2188 (O] Y]S Yl PUT SBUUUE S[() 2l
SB Yons ‘sainioruls 30edsolse JO sjapow Jlweukp Buryewr
ul sioyine syl AQ paisjunodous swsjqoid [eOnUD JSOW
3yl jo swoS 3[qe[reae a1z yorym swerBoid iayndwiod
3yl jO swos BULISPISUOD Aq $331[J218S JO SOIWRUAD [eing
-OTUlS 243 jO s303dse [BRIUIsSS SYl 01 UsAlR ST uonuUINY

sa8ed g

6L61 ISn2ny paysigng

310 ) pue twoqeq § £q

SIYNLONYILS

SALITTIALVS 4O SISATVNY DJINVNAG FHL ¥04
SKVEDO0dd TVANLINYIS ATLNdKWOD 40 38N
OLVN uswdojaasq
10 dnoiry  Aosiapy
0% ON Uoday qYVIV

pu®  yoIeassy soedsoisy




v

S-SEE1-SE8-T6 NASI

"8L61 13quidldog
— A[e3] ‘20ua10[q ‘FUnAI [SUBq S[ELI3JBJN PUE SAUIMONNS Y/ Y3 I8 pajuasaid siadeg

*P3JIPISUOD Ik ‘SISA[BUR [BINJONIIS AI[[dleS
u1 pasn swesdoid 19)ndwod a3yl Jo duaadxa Aq parsadans ‘spualy aininjy 3|qissod ‘Ino

S-SEEI-SE€8-T6 NASI

"8L61 J2quiaydag
— A[e1] ‘90uaIo[{ ‘SujIy [duUBq S[EUSIBN pUR SaInjoniS Yi/p Y3 18 pajuasaid siadey

*PaIapIsuod a1k ‘SISA[eUe [BINONIIS AI[[ales
ur pasn swesdoxd 193ndwod ay) Jo duaddX3 AQ paisadans ‘spuai) ainnj 3[qIssod “INO

S-SEEI1-S€8-T6 NASI

"8L61 12qualdag
Arel] ‘30UdI0]4 ‘SUNIAI [SUBY S[BLIAIBJN PUB SAINIONIS YILp 3Y) JB pajuasaid siadey

*PaIapISUOD 21 ‘SISA[BUE [BIN)ONIIS A)I[[3)eS
ut pasn sweidoid 19)ndwod 3y} jo aouaadxa Aq paysadadns ‘spual) aininj JJqIssod “Ino

S-SEEI-S€8-T6 NASI

"8L61 J2quiandag
— A[B]] ‘90UaI0]{ ‘BunI [dukq S[ELIdIB PUR SAUNONAS YiLp AY) 18 pajussaid siadey

*PaIaPISU0d Ik ‘sIsAeue [eInionis ijales
ur pasn swesdoid 19yndwod 3y Jo dusuadxa Aq paisadsns ‘spualy arnynj J[qrssod IO




L AGARD

NATO Q2 OTAN

7 RUE ANCELLE - 92200 NEUILLY-SUR-SEINE

FRANCE

DISTRIBUTION OF UNCLASSIFIED

AGARD PUBLICATIONS

Telephone 745.08.10 . Telex 610176

AGARD does NOT hold stocks of AGARD publications at the above address for general distribution. Initial distribution of AGARD
publications is made to AGARD Member Nations through the following National Distribution Centres. Further copies are sometimes
available from these Centres, but if not may be purchased in Microfiche or Photocopy form from the Purchase Agencies listed below.

BELGIUM
Coordonnateur AGARD - VSL
Etat-Major de la Force Aérienne
Quartier Reine Elisabeth

NATIONAL DISTRIBUTION CENTRES
ITALY

Aeronautica Militare

Ufficio del Delegato Nazionale all AGARD

3, Piazzale Adenauer

Rue d’Evere, 1140 Bruxelles Roma/EUR
CANADA LUXEMBOURG

Defence Scientific Information Service See Belgium

Department of National Defence e

Ottawa, Ontario K1A 0Z2 NETHERLANDS

Netherlands Delegation to AGARD

DENMARK National Aerospace Laboratory, NLR
Danish Defence Research Board P.O. Box 126
Osterbrogades Kaserne Delft
Copeiingn @ NORWAY

FRANCE Norwegian Defence Research Establishment

ON.E.R.A. (Direction)

Main Library

29 Avenue de la Division Leclerc P.O. Box 25
92 Chatillon sous Bagneux N-2007 Kjeller
GERMANY PORTUGAL

Zentralstelle fur Luft- und Raumfahrt-

dokumentation und -information

¢/o Fachinformationszentrum Energie,

da Forca Aerea

Rua da Escola Politecnica 42

Direcg¢do do Servigo de Material

Physik, Mathematik GmbH Lisboa

Ketnfthunptenltum Attn: AGARD National Delegate

7514 Eggenstein-Leopoldshafen 2 TURKEY
GREECE Department of Research and Development (ARGE)

Rellenic Air Force General Staff Ministry of National Defence, Ankara

esearch and Development Directorate
1 ' ; UNITED KINGDOM

Sofsyn, A, Covien Defence Research Infermation Centre
ICELAND Station Square House

Director of Aviation St. Mary Cray

¢/o Flugrad Orpington, Kent BRS 3RE

BTN UNITED STATES
National Aeronautics and Space Administration (NASA)
Langley Field, Virginia 23365
Attn: Report Distribution and Storage Unit

THE UNITED STATES NATIONAL DISTRIBUTION CENTRE (NASA) DOES NOT HOLD
STOCKS OF AGARD PUBLICATIONS, AND APPLICATIONS FOR COPIES SHOULD BE MADE
DIRECT TO THE NATIONAL TECHNICAL INFORMATION SERVICE (NTIS) AT THE ADDRESS BELOW.

PURCHASE AGENCIES

Microfiche or Photocopy Microfiche Microfiche
National Technical Space Documentation Service Technology Reports
Information Service (NTIS) European Space Agency Centre (DTI)

5285 Port Royal Road 10, rue Mario Nikis Station Square House

Springfield 75015 Paris, France St. Mary Cray

Virginia 22161, USA Orpington, Kent BRS 3RF
England

Requests for microfiche or photocopies of AGARD documents should include the AGARD serial number, title, author or editor, and
publication date. Requests to NTIS should include the NASA accession report number. Full bibliographical references and abstracts
of AGARD publications are given in the following journals:

Scientific and Technical Aerospace Reports (STAR)
published by NASA Scientific and Technical
Information Facility

Post Office Box 8757

Baltimore/Washington International Airport
Maryland 21240, USA

Government Reports Announcements (GRA)
published by the National Technical
Information Services, Springfield

Virginia 22161, USA

&

Printed by Technical Editing and Reproduction Ltd
Harford House, 7-9 Charlotte St, London WIP IHD

ISBN 92-835-1335-§

VISR




