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PREFACE

The past decade has seen an enormous growth in the use of computerized techniques for
structura l 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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load imatut at ITs’mItietlsiCS hugher t han the launch sehtcte ones does not lead to a
w e ig ht opiittti,ed configuration I he im ii is uieses’,.ir~ Itt .isss’pf t h a t  pjyload f’requencies are wit hmi m i the range to hr
,iS 01sf csl , l’rotisled I lij t t Ime~ arc mfes ’ttu tiled hi, nit lau mt s ’ li d u d s ’ I undamnenlal frequencies

In t h is ~jse . onl% the use of 5c r’, sti phisti mated and reliable mt. dels can ensure that the dynam ic hehavioul
us crai l sys tel im is in compliance with lime ret luiretnents

4. STRUt1’UKAL I)YNAMI(’S ANt) TIlE COMPUTER USE

la Som e results of ’ joint efforts done by the University anti industry are presented as an interesting learning expe rience
which caine to the surface in the field of mathematical modelling of structura l dynamics.

One ef ’fort involved development of a NASTRAN model of the spot beam N0 4 antenna of the OTS satellite. The
model was deseloped to verify that the natura l frequencies are decoupled from the satellite , and the validity of the
mode l wa ’c s ta h lt she d by comparison with experimental tests

A deta iled slescription of the model can be found in ( 13) ( 14 ) The structura l system has been considered to he an
assemb lage of two subsystems , one the reflector, the second the supports. Much care has been given to the study of
the mode ls 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,

Mmmcli effort was needed for the dynamic model of the SIR 10 satellite owing to the size and complexity of the
structural elements 1 1 5 )  (16) . Due to computer size limitations associated with long computer run times , the space’
cra l’t conhiguration has been considered to be an assemblage of three subsystem components (suhstructures )(Fig. I).

the Sill platfo rm with all the instrum entation , including the despin motor and the SIll 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 itiass 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 (SIIF 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.e. 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 ntodel . 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 o~ du~’f~re~ t 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. ln 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,
not discard prematurely promising approaches because there are not sufficient resources to investigate many of
them.

h ence, 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
hut also for elements located along its boundary . The need could produce a cascade effect with onerous consequets-
cies on the modelling process, h ence 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,
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h’ ugursr 4 sketches typical curses ol cmsiumputer cssst s-s nuiinher msf degree of fr’s’s’slt iimi (;eimerai ptifl~t,ise progratmus
( cmsn t imi umsuus lu te) ha t e  to r few d o f’ . large si ze muemory retlumremuirti ts .unmi not insigtlul’icant progratuu Issssting tinmes
Itv increasing the ~simnpk~ it~ of the mostel t h e  coimiputer cost is mistime sem is uti s s’ to time nmutumher ssf slo t II is
suggested Ims des’s’Iop a program im st hich also has the m ums ’tmto ry size requilremeiit mts’peiumtung miii degres’s 01 freedssnm as
sketched in I igmirr 4 tdashed line).
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(II’I A general flow mhiagram of this’ suggested “tailored program ” for slynammsie amialysis is shown in Figure 5,
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