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CHAIRAIN'S THTRODUCTION

lr. L.F. Nichoison welccmed the visitors to the Symposium and sexd thet
the large high-speed digital compulser is changing the whole way of thinking
in elmost every branch of engineering science, and in many other fields as
well. Thése changes of thinking ard the changes of doins which aczss from
them will all come about inevitebly stherevsr acronautical iesearch, design
and coensiruetion take place. It is not a matbter of accepting or rejecting
the camputer in any of these fields; the importont thing is the timing end
the quality of the thinking on how we use computers. «e can only win markets
for our aircraft if our reaction to the couputer is both ocuick and well

conceived.

The usc of the computer an aircrafit structural design is incrcasing
rapidly an this country. The purposs of this Symprosium is to review the
whele field and to set Braidsh effort in perspestive in the vorld scenes. The
papers and discussion should ncly us to see whether we ore legging seciously
or not, a_zgd they should alsc help us Lo assess more cuearly vhere we are
going, wherce we sheuld be going, and how bto z2et there more quickly and more
surely. Ve shoula also geb & clearer pictwre of where the main pay-off in
the usc of the computer may lis. Is 2t in tame saving in structural analysis
and in the design develorment process? Is 2t in the fruedam to analyse a
wider range of elicrnative solubions in more Getedll? Is It in the saving of
weight by morc efficiumt dosipn optumisaticn, o 1s it in aome other way?
W1ll the usc of comoubters lcad lo changed praioraitacs 1a other fislds?

11l at, foae cxample, lead to dunnnds for more precisc delinltioas of loads
and momceuvroc? A mogor change in cae pardt of ihe acronautical faicld ncarly
elweys leads to correazponding changes clagwhere. Thip Symposium will have

bacn warthwhile if it helps us to ansver even & CJow of these questions.
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SOLE THOUGHTS CN THE TFaCT O ME DIGITAL COMPUTER
Ol TR ATATRATT TXUSTRY

by
JoHe Argyris {Teohnische Hochschule, Ssudigart and
Imperial College, London) and

P.C, Patton (Wechnische Hochschule,. Stuttgart)

SNOARY

In the past decade Lwiere has been & tremendeus prowih of digital com—
puters and computing methods in fie aircraft induszey. Tals has been
pacticularly aprarent an the United 3tates whare the aireraft and serospace
indusvry showed a proncering spirit in appdyung digatal camputing nochainery and
teeaniques. The Iattor wos 2ll the mere remarkable sinec nany of the ideas
originated an Burope (which includos Britain!), bat were not.properly applied
due to the lethergy and lack of foresight drsplayed Ly many peopic on the
technical ond: camercilal mansgement side.  Imagine thot we sunk ncerly £400
mxllion into the development of the Concarde bat did not grovide It ameganative

designers and stress analysts wxill the corresponding computing power.

Although the initial custom-bullt cumputers <ore Loed by wniversitics and
by malitary cstablishments for legisbic stuldies, the Jirst wajor commercacl
machines for scientific compubations were introdaced by ‘ti:e Amzcicen airceroft
industry. The ovailrbilaty to carerefs cnginecrs of ceomputers of over
increacing pocr has naburally heigntened intorust in procodurss for using them
witlh gresdlcr soohistication. Indeed, in the field f ot lysis of complex
structures it nas brought about o coupleic rovolucicas latrix methols which
were poscibly mainly c¢f academic interost only 10 to 13 yeers ogo, have under-—
gone & storuy developwent in the last decade end are now wadcly apoliei by
irdustrial firms. The complete acroclastic investigation of flying venicles zs
being prograxmed today, and progrommes arc being wribton sven for highly camplex
three-dimensional, nonlivcar, clasto~rlastic investigations of re-ontry coenfigura-
tions under extreme heal gradients.

Kost acronautical engincera would probably agrece by now thab the- digital
computer hos revlaced older graphical, anclogue and “analybacel methods, and
is about to r:;pla ¢ such stond-bys oo lofiing, drefsing and other cnginuering
dogign operations. However, atv the sawe time one finds no agrcement on the
philosophy of approaseh to btac camputer. Inltilally,.computors were considercd

bacically to pe the seme sort of wacninery as the desk enleulatar, merely



larger and faster. Such a philosophy naturally limits the user's mind to the
applications and solutions he may cobtain on a desk machine but far the fact that
he does larger problems in less time., We have found, on the other hand, that
the power of computer computations commands a complete ceorientation of our

mental processes in order %o obtain the opbimum fram the valusble machinery.

We have found, inter alia, that the engineer must use the computer as best
suits him, rather than allowing hamself to be limited to the present-day high-
level programuing languages like ALGOL and FORIRAN. Thesc languages sre
designed to translate algorithms and formilae into machine languages and are
neither elegant nor efficient for the formulation of structural anolysis
involving problems with very large matrices and supcrmatrices. In this
connection we have developed some interpretive matrix codes which allow the
user roughly 150 matrix operations at a level of cfficicncy only slightly lower
then that of special purpose hand-coding. We have under develomment languages
of an even more general character for the solution of cngineering problems
involving branched data structures of any kind; n particular, many-lecvelled
supermatrices. This code, denoted as ARGMAT, 18 a gencralization of ALGOL ard
allows procedures which output lists formed as matrices, supermatrices, or

"trees", as well as the real, inteper and Boalean proccdurcs of ALGOL 60.

Parallel to this mathematical softwarc, we have initiated powerful structural
languages like ASKA (Autamatic System for Kinematic Analysis) which allows the
engineer a very general yet efficient computer solutron for problems to be
solved by the matrix displacement method. As a matter of fact, ASKA includes
the possibility of describing with rclatively few arders highly complex two-

and three-dimensional topological assemblies of clements.

It should be owr aim that fast, cfficicnt, casy-to-use methods of analysis
should be at the centre of autcmated design systems implemented on 2 computer.
Within the next decade we expecl camputer-based methods of analysis to be so
extensive and efficient that the aircraft designer will be able to ask the
computer for an instantaneous stress or dynamical analysis of any structural
grouping he can imagine and sketch on a graphical computer input device. At the
same time, we shall be using the so-called conversational approach to the
computer whereby a dialogue is effectavely taking place between the engineer and
the computer. The requirements of such advances in technology are tremendous.
Wie must do a lot of work in nonlincar methods. Also a systems approach to
synthesis of structures by simuiation and analysis will be necessary. Hany
engineers will have to change their philosophy of computer utilization, and we



can also cxpect to exert some fecd-back towards computer developments. Far
cxample, offzcient solutions to nonlinear problems wall reguire more

sophisticated, faster and less costly computers.

Fanally, a computer revolution in alveraft design and annlysis should
have organisational implications within the aircraft firm tending to clevate
the impartonce of the engincer who has temed the computer. This, however, will
require earlier changes in cngaineoring cducction; such changes arc actually

taking place alrsady in some universitics.

INTRCDUCTION

L

The computcer's role in cenginecering technology nos become marc apparcent
during the pasi fow years. The cngincers who developed the first computers
considercd them to be logical enginea cnd of ten as Yends-in-themsclves", We
arc «ll happy to leave behind this over-conscicusness of the computer os mercly
a logical machine. The current conscrvative philosophy of computation might
best be summorized as the concept of "lhe computer as o rapid desk calecuictor®,
This latter outlook may nol be gquite as sterile as over-fascination with the
machincry per se, but strll doams 1ts holder to computer solutions no more
mmaginative than those he could have obtained on a desk calculotor, merely
produced in less tizmeand on asomevhat larger scalc. It 1s antercsting to note
that Bobooge and his associates, who were so limitcd by the engineering

technology of their day, were perhans not =s limated in Imaginaticen as some

1
of ithe scionbists ond engincers of owr own (1me .

Let us look ot scme of the more recent altitudes regarding ccmputers.
Eorly results coming fram reseerch basad on these never stiitudes seem to
ipdicate that tney may be far more fruitful than former nolions. PFirstly, we
might consider the computer as en abstract symbol manipuletor. This 1s
certainly ithe phalosophy of the systems vrogrammrer who develops machine
transiators and interpreters for the artificial langucges in which camputer
users code their problems. This concept has proved fruxiful in the application
of the computer %o naturallanguages as well; e.g., tronslalion of natural
languages, computler literary studics, authorship tests, character rocognition,
etc. DBut, aside from these first fruits from the fieids ol applicalron, this
concept leads to an even more valuable one. The human brain has a tremendous,
wcll-organized data store, the largest, most rapid compuber operating today,

. 2
the UNIVAC Nikeo-¥X military comvuler approaches onc per cent of the storage



capacity of the human brain but is not nearly so cleverly organized. The human
brain, vhile complex and vast as a daota score, is limited to the number of
symbols 1t can consider at any given instant and is cven more limited by the
speed at which 1t can relate this small set of "current" symbols. A welle
trained mind can handle about 10 to 20 small expressions or related groups of
symbols at a time. The computer is relatively less limited in the number of
symbols it can consider in an instant and even less limited an its obility to
relate these symbols ropidly. Now most thanking, even of the most cbstract
sort, ultimately amounts to relating or organizing scis of symbols. To the
extent that the computer can do such tasks at tnc behest of a human being or
"source" of human intelligence, the computer is an "amplificr of human
intelligence". This philosophy of computation is proving very useful in such
arcas ns decision-meking, command and conirol systems, information systems,

theorem proving, pattern rceccognition, etc.

It 12s a short step from the computer as an amplifier of human intelli-
gence to the notion of artificial intelligence itself. The mere mention of
artificial intelligence raises the bugaboo of machine ascendency over humanity,

first expressed by Samnuel Butler in Ereshon and Erewhon Revisited an 1833.

This is not what researchers in artificial intelligence are trying to do; they
are merely attempting to push the capsbility of wmachines in the direction of
man's cap&bilitiesB- One might say that this theory of computation has divided
the computer field into two factions: +the conscrvatives and the progressives;
however, engincers have always been willaing to zccept a philosophy on a
progmatic basis and thus we arc interested to know whetlier this attitude is
useful ratner than whether it is true or not. A short survey of the field 25
is sufficient to convince cven the gynic that this approach to the computer
is uscfuls Rescarch alrcady done in this field may be gatnsred under five
hcadings: 3Scarch, Pattern Recognition, Learning, Planning, and Induction.
The theme of most efforts is the following: if oue docs not know how to solve
& certain problem, one moy write a computer progromme to search through some
large space of solution possibilitics and selcctively narrow these down ageinst
not noecssar:.ly distinct nor predetermined critcriall'. The thinking of the MIT
school of computer rhilosophers following this cpproach has had much to do wath
the development of the mon-and-computer technology aad, in particulan project
HAC. As a result of such new appreaches, within 10 years cngincers wall find
themselves dealing vath computers more os colleagucs or team members than as
machines. Computer scientists will be arguing about artificial crectivity by
that time, foar by then ertificial intelligence will be taken for granted.
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lMuch of the effart of elevating ‘he behaviour of commters is'devoted to
teaching then to cammunicate; and over the past decade or so 1t nas become
commonplace to be able to cammunicate waith them more nearly on our levil by
enploying phrase-structured artificial langusges ratner bthan the bits, dagits
and characters of machine languages. In the recent past e have witnessed
the transilion from machine languages to high-level languages, like FORTRAN,
ALGCL, COBOL and their derivatives, to interpreiive languages for many
special fields of studyb’? and to the current applicatzons langusges for,
special problems. This progress has definitely veen fran wachine oricntation
towards human crientation and 1n the future 1t will be ‘aven more soe Current
rescarch in the f£ield 15 leading %o the develomment of sophisticated graphical

langunges for communication wilh computers; these reqaive new anput/output

devices, nardwarc immovations and, in pracfticc,';:‘cré_ sophisticated ccmputer
organicatlon. Soon, cuvvery cenginecr ard des:Lgnelr' will be able to comminicate’
viitn the computer in the language of graphics, just as today the matheratician
canmunicates with Lt by employing mathematicel formulae {FORTRAN) or
algorathms (ALCOL); the bus1nes sman by 2 subsot of his ovm natural lang;uage
(COBCL). There sre more then 1700 different programming longuages in ueo
today in more than 700 daffcerent o p‘ll.ce.tion srecas, but current research is
leading towards & unificd Iinguistic fremework, which will span difforences in

these many diversc f‘leldsa.

COILFUTIR-ATDED EHGINERRING AVALYSIS

Our ovm primary interest in ccomputer application i1s 10 engineering
analysis and thus ultimabtely to engineering design. The methods of engineering
analysis play a central role in research and development, .for, at this level,
problams could - at least 1n the past - be slightly isclated fram the real
world, lincarized, compartmenialized, sub-daivided, etc. unctil "the state of
the art" applies vith reasensble accuracy. If enginesring analysis pvlayed a
somewhat less Lmportant role in the later steges of product design and actual
production, it 1s because the problems become too camplex fcr the convenilent
mathemetical assumptions chosen earlicr. Since these assumplions and

. . .
lincarizations date from an era in which the tools of analysis werc pencil
and papcr, we should be willing wo leave them bohind and nale less conscrvative

assumpllons more suited to our medern tocl, the computer.

The fact that geod desiygn and officicnt production erc art rather than
science is a curse, not a blessing. We can poiwnt.with prade to-aircraft

desimn and production achlevements of the past, but we cannot repeat them upcn
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cammand, even when the aeroplane 1s a samilar one. Only a year ago the popular
press was asking: Why wasn't the TSR-2 as successful as the Spitfire? We
couldn't plug new variables into the old design and production formula because
nobody could say what the old formule was. One might say that this is an
over-simplification, or that it is far beyond today's technolegy, or, as some
rightly call 1t, "the state of the art™, but this is the direction we should
be going and it is the directicn in which some aircraft fims are already

going,

The Boeing Company has developed computer procedures9 which allow the
designer, assisted by a computer mathcmatician, to express his ideas to a
computer. The machine then does in 20 minutes what would take about 80 hours
of a high-level draughtsman's time. It allows the designer to refine his
design, employing methods of analysis already programmed for the machine.
Having developed a tentative design ofter several "conversations" with the
computer, the design/engineering team may request automatic machine tool
cutpats for the preparation of models at any scale desired or for itemplates
to aid in building a full size wood and plaster mockup. Having fanalized the
design, the man/computer team may then provide autometic machine tool cutputs
for the production of mototype vehicles. Does this sound far-fetched? Butb
for the vicissitudes of government contracting, the Boeing DymaScar re-entry
research vehicle would have been the fairst product 100 per cent designed,
analyzed, simulated and produced cutomatically by computer and computer-

driven machines.

The impact of camputers in arrcraft engineering extends not only towards
design and production but also towardstihe process of creating the new methods
of engineerang analysis required to allow automated design. The senior
author has pointed out this relationship between the conputer and the theory
at greater length in 2 previcus lecture1o. A few examples from the matrix
analysis of structures should suffice to show the ihfluencc of our new tool

the computer on the thecories we develop to employ on 1te

The first problem, a linearly elastic one, is that of 2 cylindrical arch
dam which, for the purpose of comparison with model studies, is considered %o
be fully built-in at the valley-dam interface. The geometry of the dam and
the suppori idealization i1s shown in Fag.1, whilst Fig.2 illustratcs the
idealization of the structure into a series of quadrilateral CUB6 elements,
each consisting of six ten-point tetrzhedra (TET1O)11’12. Wwith this assumed

idealization the problem reduces to one with 1800 unknovms. The water
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pressure loadiné is-appiied in such a way as to be kinematically consistent
vilh She assamption of a lincarly varying stress and stroain withain the TET10
clement, This as illustrated in FPig.3. The next three fagures (4, 5, 6) show
seme of the resulis we obtained, wiith Figed illustrating the deflexions and
Fige.5 and G the tangential and vertical stresses Ty and o, at the vertical
plenc of symmetry. The noxt sxomple, Pag.7, thet of s plate with a scni-crack
in the mddle, loaded uniformly 2+t ihe ends, shows our mebunod as applied to
rreblems of nonlinear elestoplastacaty. The spprooch 18 that of Ref. 13 whereby,
in the fuwrct clastic analysis, the Prandtl-Rceuss eouivalent stress just atteains
at cne or mors poants the yicld stress; notc that, due to the fainite clament
technique, the strictly iafinite stress concoentration s roeduced to o fanite
oni. XHowever, the fineor bthe net the greator bocames Lhe inatial stress
coeentration.. Trom this pounb onwards ihe loading increascs incrementally.
Witnin each stop the anitial lood wveoctor J, associcted with any region that hes
gone piastic, ls caloulnbed and used in the following ator. This is the
dircct incrcmental mwocedurs given in Rel.43, woicn indicates also o wmore
refined method. Some of the results are shown 1 the follovang two figures
(Figs.8, 9}, The first of these indicates the development of the area of
pf‘.asbm deformation with ina easing applied lcad and tine second sncws the
distribution of the (lengshvise) stresses, for three layers adjacent to the
crocite. Witn the spread of the plasbic zene the inf'luence of a finer net
begoma‘s. less pronounsced. A group under J.5. Spooner vas closely assoclatbed

.

wilth the numeraical sclution of bolh prcoblems.

It wall Le. obvicus tlwt, witlh increasing demandc on accwracy and move
conples problems, wairix meiheds reguire mcre refained basie clemente. Two
such new duvelopments based on a genov.l:zation of the TRILG (lincar stress)-
(lincer strain) trianguler (uement,"“"F L TRII'{6T15 end I‘RIA}{615’16. TRILET 18 a
TR]J,IG-type’clcmer;t but which tekes into account a lincar variation alse of the
tliickness. '.L"RL’Q:6, a vrototable 'RING clament, shomm in Fig.10, 1s used far
the idealizasion of an axizyrmetric bedy and loading, to caable the programmer
to consider only one 1c-ng:ituﬂinal seetion, and ihercfors the whole problem, as
though =zt v:c‘g't": two Elimungaional. ‘Mhis proves enormously helpful in reducing
the nwiber of lnknoms in this type of three-dimensional enalysic as thoy oceur,

for crample, in certain re-entry hody configurations.
s 5

¥

The suabject of structural optimisation or strucaural synthesis is
receiving considerable atteniion at the present t.me and will no doubt receive
more in the future. Onc aspect of tne preblem is shot of leyout design wherc

& prescribed loading is to be carried across a gilven space by & structure of
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minimm weight, its geametry to be obtained. Another is the "dimensioning
aspect where the geometry is given in advance, such as the external shape
being faixed by aerodynamic considerations, and the sizing of the covering and

internal supporting structurc 1z to bec determaned.

Our past studies have been directed towards the latter, an example of
which 1s illustrated in Fig.d1, showing the structural idealization employed
for a hypothetical supersonic transport aircraft1o’11. Using what wo might
call an engineer's optimization procedure (Fag.12) whercby, starting wath the
minimum prescribed sheet thicknesses and boam areas, these are appropriately
factored up in the ratio of the largest stresses occurring under a number of
leading cases to the allowsblc stress; several analysis loops are performed
until convergence is achieved (Pig.13). This procedure was, in fact, the
basis of aircraft structural design when wings and fuselages were slender and
only one loop was nccessary, but medern configuraticns tend to be more and
more of an integrated, complex form. The result mey or may not boe the lightest

possible structure, for a variety of reasoms.

Firstly, where solutions of the simplest statically indeterminate frame-
wark exist, they indicate that some bars may not be fully stressed in a lcading
case. Thas follows fram the kinematic requirement of strain compatibilaty
(vhich is avoided in Hichell étructures by the bars always crossing at riaght
angles) and may possibly cause convergence to a configaration which 1s not the
lightest. Furthermore, the convergence 1s greatly influenced by the number of
significant lcading casecs and the rclative magnitude of the minimm allowable
sheet thickness. Other traps may lie in the idealization and cheice of
elecments in the calculation. Iiore sophisticated elements like the aforc-

mentioned TRIM6ET will permit a less resiricted approach to optimization.

A more rigorous apprcach w structural synthesis has been developed by
Schmit at Casc Institute of Tochnology17’18 (Pig.14) but, as yeh, its
complexrty restricts its applicataon to very simple systams. The problem is
reduced to one of mathematical programming and the method mainly erwloyed is
that of steepest descent. This goneral method could, of course, optimize for
minimum cost or some other criterion instead of minimum weight, depending

upon the obJjective function chosens

The first method 1s, on the onc hand, nonrigorous but usable and the
second, on the other, raigorous but restricted at present by i1ts camplexity to

simple systems. We are pursuing at present in a group under Nigel Benson the
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synthesis problem for large complex systims. Clearly, a thorcugn cpiimazation’
study 1is well worth its cost in computer time before cebarking upcn & major

project, such as o supersonic transzort aircrafi.

Although we have Leun much tco busy developing theorics to stand back
and formulate o patteen, metatheory or philosoi;hy ¢l our approach to
structural problems, perhaps a few guidiag princ:_pieé noy be of Interest.
Pirstly, we have given up pencil ond paper methods snd Lhe cantlhucus
analysis born of sucn primitive iools. The computer is able to consider all
the elements of a complex struchire simultaneously, and thus we develop
thearies whaich allow it to use ids casabilities to the utmost; far example, .
ihe kinematically consistent mass matrix and 1ts essoclated nodes-within-celement
technigue for representing displucoments is & "micro-Ray leigh-Ritz!

idealization which allows far more accurats ani uniform prediotion of dynamio

11,12 . ,
19 « OQur new matrix codez and epplication

behaviour than previocusly possible
languages arc able to cope wath uhe date volume and compdisr time problems
which result from so fine a renresonsation of 2 basically discrete nature
becausc thcy arc self-adurtive; d1.¢., the softwarc moulds or adapts itusclf
te the theory and the current probicms It can be cfficient even on a mresent-
day ocomputcr, like the UNIVAC 1107, becaase 1t 15 self-organizing in its use
of the 1107's hierarchy of backing stores. In shart, we strive to bring the
caaputer to thie problem rather than bringing the problom to ithe computer. . Ve

thaink results, the truc teot of rogmatic validity, have shovm this

pnlloscohy to be & very frudtful onsz. .

A grund apyroach vo the applicciions 18 not wathout 1ts labours and
headeenes, hovever. We have paid the mrice in saftwere develcepmens ond, as
you all know, softwore comes at enly one prace: extrewciy acar. Our
expericnce with the use of high-ioveol compller longuoges, such os FORTRAN IV
and ALGCL &0, both of which ¢;x¢st m very good implescntations on chie UNIVAC
1107, has net been vory rewmruing. Hor large-scale-natiix vork, these
languages are rather clumsy and net aliveys ofracient; hoaover, as o medium
for proparing subroutince Tor vericus inpus/output formats, date reduction and
smoothing, computing ine propertics of new structural clinents, etcs wo find
them very valusble. Godd as ticse languages ave for the gonerzl run of srall
enginecring problems, we feel that interpretative programring langusges will

'

be much mere uscd 1n the next fave yesrs then thoy have in the past.

In the advanced military commend and control ficld, computcrs currenitly

o

1 design (and at Jeast one an actunl usc) have wp to 25 cen®ral proccssors,



14

6. banks of high~speed memory, 16 input/output processors, each having 16 I/0
channels. A configuration like this leaves concepts like FORTRAN, ALGOL and
static translators or compilers behind. The super computers of the next decade
wi1ll probaebly follow this pattern in hardware and will thus require similar
approaches to software, 1.e., interpretative, self-adapiive programming
languages which extend the recursicn and dynamic stbragc allocation features

of ALGOL in a single core store to be effective over P proccssors and S

storags devices occurring on L leveis of a hierarchy of stores.

We have set the task but are not content to wait for manufacturcr's
systems progromming teems to camplete it. Qur own softwarc developments are
primarily orientated towardsthe matrix interpretative codes necded to
implement our theories. Our early cxperience was with the Pegasus matrix
code, very advanced for 1is tame, and later with our own SELLA code20 for the
UNIVAC 1107. SEIMA has more than 150 matrix operations and is rather similar
to the Pegasus code; however, it takes advantage of the 1107 A-package multl-
programming executive system and thus allovs several different programes to
run in poarallel with each other and with real-time data collection and media
conversion operations. We recently announced BEMET21, a nov code which has
all the features of SEIMA but also allows the uscr to extend the system by
coeding his own FORTRAN IV subroutines to be called fram the interpretative
programme string.

Our current project in this arca is the new code, ARGMAT22’23, a

language for processing data manifolds or any complex brancnced data structures
that may arise in engincering analysis or, in faci, gencral analysis on a

directed graph. A specinl case of such a data manifold ic a super-matrix; an
cven more special case 1s of course an ordinary matrix. The features required

far this language arc:
(1) that it be able to handle large supermatrices efficicntly,
(2) that it have dynamic storage allocation over a hierarchy of steres,
(3) that it be easy to programme and chock out a now programme,

(4) that it be not only casy to write but aiso easy to read, sc that an

existing programme be intelligible and documented by its own text, and finally,

(5) that 1% will be implementable in less than onc calendar year and

about four to five man-yeoar's effort.
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Qur rcsponse to these self-imposed requirements is a high-~level
languege which in form is easentially an exteasicn of ithe Generalized ALGOL
language of erthzi". ARGUAT, viz., Generalized ALGOL, i3 so generalized that
1t is translated bo an intermediate language which 1s still more peneral then
FORTRAN, consisting mostly of syllables and nwibers in reversed Polish
nolation with the origainal block structure. This intermediate language is
processed by an anterproier which essentially sinulates a selif-adaptive
computer dosigned to process date manifolds rather than indavadual rational
nmbers. Onc might characterize this language as an ALGCL which types vorisbles

as erther global or local {i.c., not real, Boolecon, array, inleger), and allows

vrocedures to output highly structured lists via their names (in addation to

real, intoger, Boolean, and camplex single varaables). 7o have attenpted to
o .25 .
follow Iversen's notation™ as much as possible, mn order to allow case of

expression and conceptualization of mubtrix-like and graph-lilke dalo-manifelds.

Good as ARGAT will be, it st1ll is nol tac full answer to the engincer
or designer's nceds, bul werely a languege in which we can implement owr
theorica ond realise ithem on the conputer. The trend in campuler applications
noveusys 1s towards so-called applications languages, c.g., APT, LP, STRESS, and
the ASKA loaguage developed by Dr. Husscin Kamel and his Applied Progranming
Group at the Instituie in Stuttgs.z't26. applications languages allow virtual
avtomation of production, planming, and analysis procedures but they still
require some human effcrt for wodelling, deta preparation, linear idealization,
coordinaile determination, edc. Such application packages will, improve in at
least two major areas in the next flve to ten yeors. Firstly, they will have
to allow camunication with the englacer or deslzner in his own language, the
lunguage of gravhies. Sccondly, this very facility will requare ihat more
sophisticated methods of analysis be embodred in the subroutines of the
package 1tsclf. For example, & designer should be able to have an instantancous
stress or dynamical analysis of any threc-dimensional obgyect or grouping of

structural clements Lo coan drav on a light pen display console.

COLPITER -4 DED DESIGN AND IT3 STDE- EUFECTS

Tne classical design vwrocess is too little moon to describe in a few
words. This, an fect, 18 13%s fault. On the other hand, to caploy a slightly
Aifforent scnsc of the same word, it is also ioo well known bo necd further
descraption here. We are much mare interested to kncw what the canputer-aided
design process of itne fusure will be. The camputer will not oaly be ¢sscential

to tais new technology, it will be central to it. The camputer will first be
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used to dofine the preblem. Compubers are heing more and more uscd by marketing
and product planning specialists to determine the specifications of the
products desirced by all types of consumers, bouh praivate asd industrial.

Having helped dclineate the preblem by specafyang a product, the computer will
then be employed by the designer in his creativla response to the challenge of
the problem. After same grarhical conversation with the computer, hc then
nceds to analyse his design with respect o many criteria: siress, dynamic
responsc, flutter, productron cost, works scheduling, cte. Since the camputer
docs the stress analysis, the stress analyst will now be amployed to develop
methods which will keep pace with the designers imagination; his theories

must handle anything the designer can imagine. Firally, having established a
design that mects all the criteria in same optimal way, the computer can be
requested to prepare tanes for automatic programmed tools, to lay out and plan
asscrbly lines and then to schedulc them, to mrepare drawings snd documentation,
cte.

The design process of the future will go fram denand to its hopefully
cconomic satisfaction through a sequence of interrelated nrocesses called
problem definition, design response, cnglneering and econamic analysis, and
finally, rroduction and transpoartation. Feedback fran one stage to the next
is the rule and is probably significant over the entire mrocess. The benefits
of future autamated design systems /21l be tremendous bui, unfortunstely, the
requirements will likewise be great. Firstly, we will have to ao an enormous
amount of research in nonlinear mechanics and corresponding numeracal methods
of analysis. In the field of dynamics, computer methods already fall far
short of achievements in the sister field of stress analysis. These much nesded
new methods mey reguire computers 1000 times faster than our UNIVAC 1107.

Such machines (e.g., the UNIVAC Nike-X) exist todoy but only for militery
applications; +they are probably very expensive and certainly not commercially
available now. Automated design and assoclated iethods of analysis vall bring
computers even closer to tne rcal problems and, as real problems are very

complex, we will need very large, very fast computers at a very low price.

To scec what the aircraft industry might expect from computer havdéware
developments in the next decade, we must go to the computer de51gner27.
Intcgrated circuitry will bring revolutionary changes in size, cost, and
recliability of components but circuit speed may not amprove so very much,
perhaps only 10 times faster than the UNIVAC 1403 ar IBM 360/75. licmory
technology will provide significant umprovements 1a speed, capacriy, cosi,

reliabality and size. We may expect econamical high speced 0.5 micro-second
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memories of a quarter-million words and auxiliary memories of four million
words at one microsecond. As backing stores, large drums may increasce to
250 x '106 characters at an access time of 80 milli-zeconds. For conventional
input/output, we may loock forward to 400=kcs tapes (character rate), 2000 lpm
impact prainters, and 50C0 lpm non-impact printers. As hwaan orientated
input/output devices, we may expect character recognition and printod page
readers, voice recognition and voice output (by synthesis, not recorded),
nbnmccha.n:.cal keyboards, and graphical anput/output devices with colour
capability. Buch extras as associative memories may be practical by then but
the main emphasis will be low cost computing powsr. One prognosticator
predicts that irithin 10 years we may have tne computing capability of an

184 7094 packaged in a shoe-box at a gost of a fewv thousand doliars.

But these predictions look nare like a factor of 10 improvement than a
facter of 1000; and already loday there is a tremendous speed difference
between elsctronic and electro-mechunical camputer components. The solution
to both of these diificulties 1s indicated by militery cauputer developments;
increasing multiplexity and more complex camputer orgenization. Hopefully,
this solusion will be within reach of civilian as well as militery budgets

within 10 yesars,

Computer-pided design will probably bring the engineer asscciated with
production and the engincer working as & designer conalderobly more impartance
within their organizations. Ia fant, the line comparimencoalization of
companies into marketing/engmeering/production, with asseccinted staff groups
roeocarch/accounting/personnel, moy change considerably. The computer has
allowed better control and thus more contralization in business applications.
Just oz companies have become more tightly integrated from a divisional stand-
point, they may, due to computers, become more integrated from a departmenval-
vithin-divisional standpoint. As the zomputer beccaues the focal point of the
company, then the engineer will incroase in impertance as he is better able to
cavmunicate with the copputer znd to use 1t mere ‘s;f‘f’ectlvely. As the engincer
and has technically traincd assistents increase ;.n‘isnportancc to their

companies, thiy will also increase their status in societys
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FRACTICAL DEVELORENTS IN THE STRUCTURAL APFLICATIONS OF CO{IUTERS

by
I.C. Taig

(Preston Division, British Aircraft Corporation)

SUIMARY

Current and future developments in the application of medium sized
computers to structural design and'analysis are discussed. Emphasis is given
to develomments necessary to improve computer utiilsation in all stages of
aircraf't design. It is shown thet the current approach to computer application
wall farl to make use of potential capacity unless far more attention is grven
to automatic formulation of problems and computer communication. A4n
integrated structural analysic fechnique is described which should cvercame
this problem and provide our industry with a balanced capability for efficient

structural design.

INTRODUCTION

During the past 15 years the canputer has become established in the
aircraft industry ss the principal tool for the solution of technical problems
and handling routine commercial tasks. At the present moment, most of the
aircraf't industry establishments in this country arec'in the process of
re-equipping with medium-sized second-generation computers ar have rcccn‘_tly
made such a chonge. It is inevitable, in this situation, thot much of the
currcent effort in computer applications is dirccted towards the establishment
of fundamental computer softwarc to perferm familiar functions rather than to
development of new techniques. However, it 1s an i1deal time at which to survey

the developments which will follow once the basic facilities sre in opcrations.

This paper describes beotn the immediate and near fature developments
foreseen vithin a large design eorganisation wherce compuber utilasation 1s
pursued solely as an ard to competitive design. The first pert, dealing with
the present satuation, emphasises the broadening scope of computer application
in the structural field., The sccond part is concerncd mainly with the
develoment of a higher level of automation and integration of the numerocus
separate facilities into a camprehensive schome for structural analysis ard

cfficient design.
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1 DEVELORMENT O BASTC PRCCEDURLS TWOR STRESS ANALYSIS AND DESIGN

The use of computers in structural analysis is coamonly associated with
the determination of the response of stractures to static snd dynemic loadings.
This is indeed the most important single application and has received the
greatest attention in recent years. Today there are many other waya in which
the computer can assist the structurel analyst and designer: the obgect of
current developments 1s to provide a balanced capability feor nandling most of
the repetitive tasks in a modern sircss office. . Thes.e can be grouped under a
number of broad headings which are 1llusirated 1n Figst in such a way as to
indicate their interconnected nature. A4t present the autamation of the
activities has not reached a uniformly advanced stage and they tend to be
approached .piccemcal. Ideas which have existed for many years ave graduelly
being put into practice and cach facet of the overall problem reguires

considerable deta1l development before integration into a coordinated stress
_ analysis schoms. This section describes somo of these current activities

taking placc within B.A.C.

1.1  Internal stress end deflection analysis

The basic matrix techniques for analysis of structures by the force and
lisplacement methods are now extremely well kmown. The most forceful -
demonstratiuns of the scope and power ol these methods, - particularly whan
allied to advanced computing equipment, have undoubtedly been preacnted by
Argyris1 and his co-workers. It is unnecessary, din this surve;}, to consider
‘the many theoretical and practical developments in this ficld which are
already wicely raportcd; It will suflice to outline some of th: characteristzos
of matrix onalysis facilities at prescnt under dovelopment in 2rdustry end

their relationship te the analysis-.of cctual axrframs structures.

The :most important feature of present and future matrix analysis-
procedv:res is generality. That is to say 2 fully trled and tested set of
programmes must be devel;)ped which can, with little or *no' modification, be
used to smalyse the full range of structures likely to be encountered. Fig.2
gives some idea of the range of problens assoc_llated wivh a typical aircraft
structural component. A single set of pregrammes is required to handle the
whole range of problems from the three dimensional local stress concontration
scale to the major internal load and deflection analysis of the- cunpiete
structure. As is well known, the matrix displacement analysis technique is
parcrcularly suitable for providing this flexibilaty and forms-the basis of

cur cwrent and fubure analytical facilities. Fig.3 shows some of 1ne key
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features of a specification preparcd two years ago for the current series of
B.A.C. programmes. In parallel with the displacement analysis procedures,
matrix force methods are also under active development for the analysis of
fuselage structures r;md slender frames. A particular {eaturc of this work.
has been tne development, mainly due to R.I. Kerr, of an automatic general
method for the analysis of irrcgular multicell tubes withoub recourse to

regularisation end out-cut tecimiques.

The basis of all current and future general purpose analysis facilities
is a flexible and sophisticated matrix handling scheme vhicn has Just reached
the operational stage on B.A.C.'s I3k 7040. This set of programmes nonkes 1t
possible to specify stonderd and non-standord metrix operatlicons on natrices
of unlimited size and camplexaty by simply writing down a fermalisecd set of
algebraic cquations. Single symbols can be used to identify large natricesg
compounded of numerous sub-matrices in a variety of different forms og
1llustrated in Figes. All guestions of storage allecaticn, sequencing of sub-~
matrix operations and so on are handled autcmatically, thus making the
organisation of highly complex matrix operations en almost trivial metter.

The central parts of the matrix force and aisplacement analysis methois, cnoe
the data are set up in matrix or arrsy form, are very simply written and like-
wise easily modified to suit any unfarseen requirewents in a particular

enalysig.

To complete the facilities for formal matrix analysis special routines
are required to derive siiffness, flexibility loading, consiraint and assembly
matrices frou stanfard data defning an idcalised structure and conversely to
determine sitresses, strains, flexibilaties and boundary loads in the idealised
structwre. Autmmatic programmes of this iype have been avallable for many
years and their extension to new canpuiers, or to wciude later developments
in atructwal represcentation is almost & roatine procedurs. Purther roatincs,
as developed by Arg;fris1 and others, can be introduced to perfom non-linear
analysis, including lerge deflcction effects, and general instability
caleulations. A still more familiar oxtension of the basic technigue introduces
inertia matrices and dynamic loading so that vibration and response
calculations may be handled. Swprisingly cnough therc are not yot many
integrated programme facilitics availebie waithin the aircralt industry capeble
of carrying out all these related functions without cumbcrsome data
manipulation between siages. Cur current plans ere to produce a closcly
coupled set of programwes for linear, non-lincar, static and dynam.c anaiysis

of idealised structitwes.
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Even with modest camputing equipment suwch as B.A.S.'s I8 704LO and
EELi KDF 9 these basic programmes should enable most problems currently
envisaged to be solved in a matter of hours, provided that they relate to the
analyais of fully defined, idealised structures. This brings into sharp focus
the next major problem which is receiving urgent attention in our current

development phase,

142  Structural idealisation and analysis interpretation

To make the analysis of large, complex structures practicable, sanc degree
of idealisation of the real structwre is inevitable. The analyst, starting
with an external shape and given a frce hand, csn gencrate idealised data to
represent a reasonable structurce and 1ts principal loadings with very great
rapidity, and with a littls ingenuity can use the computer to assist him. A%
a later stage, the aircraft stressmen is faced with a large number of drawings
defining the structural details, a mumber of components tceo large 3o be fully
represented, and a complicated mixture of aserodynamic and inecrtia data to
asscmble into design loading cases. The analysis of o fully-schemed structure
is, in this case, preceded by the f{ime-consuming chores of 1dealisation2, and
loading case preparation. The results of the computer analysis finally need
re-interpretation in terms of the real structure. Thesc procedures reguireg
painstaking attention to detail and cven with carcful checling can becanc a
source o1 significant errors. There are twe basic methods of automating this
type of work which are under development at presens. A pizcemeal approach can
be used in which the rules for idealisation of particular types of siructure
arc programmed, and the lobour of conducting repeated calculations such as,
stringer moments of inertia and centroidal depth corrcctions,can be transierred
to the computer. Tnis approach regquires a large amount of input acata to be
prepared for the camputer but simplifies the derivation of thoe data. A more
promising method for the futurc is suggested in Ref. 3. This rcguires that the
real structure should be described in compact numcerical terms by defimation of
surfaces, sections and intersections, etec., that the structural analysis grad
should also be defined in relation to the basic strucitural surfaces and that
the behaviour of the real structurc within the regions bounded by the grid
lines should be determined by a substructure annlysis representing a1l
significant features of the real structurc. The metinod 1s only mracticeble when
it is incorporated in a sophisticated scheme which integrates geanetrical
manipulation with structural analysas as described in - sccond part cf' this

paper. One of the greast benefits of this approach 1is the precision which can
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be achleved in anterpreting the resulis sance 4% 1s alweys possible io obtain,
in a fully consistent mermer, the lecal stresses et diffcreat parts of the

real siructure witnin any ideclised claaent.

1e3 Cumponent strength and stability

The second major task of the proctical stress zaslyst s the determina-
tion of the load-carrying capebility of structural merbers of given design.
This has for many years becen the mrovince of the structurces data shects, of
which the best known, ard almost certainly the best example 1s the scries
published by the Royal Acranautical Socict;,r!'. In many canos, particularly
these of a non-repetitive but starderd natwre, a good data sheet provadcs the
mogt rarad method for an cxpericnced engineer to assess couwponent strength.
But in the design of many conmon alreraft structural components such as

.

reinforced skin panels, wing spoars and ribs, fusclage frouwes and longerons
and structural joints, the repetitive applicaticn of data sheets can involve
lorge amcunts of routineancilliary caloulocions of scciion constanss, local
stiffnesscs, structural and loading varameters and so on. Scveral clicrnative
modes of failure and mony loading coses moy nced investigotion. It 1s
generally recognised thet this iype of wsork forms ine largest peart of the load
in a prescnt-day stress office. Piccomeal agppliilcatzon of computers to thesc
detail stressing tasks has vsen taking place ever siuce dirital machines

1irst becare available but 1t is only comparatively recently that their
antomation hias Lean tackled on a large scale.

aa

Tithin B.A.C. there i3 considersile current effort being devoted io

the determination of strength and stability of reinfcrced skin panels under
cembined direct, shear and bending stresses by autvmacic, general purvose
couputer programmes. Similer developments are oceing made with regard to
corrugated shieet and sandwich panel strucgtures and rapid eibension to many
oiher delall stressing prcoblems is intendsd. The programn.cs are teing
developed to perform optimuom desipn ol components of presceibed forn in the
presence ol many types of practicel restrictions. Some impressive results
have been obtained cver with the mest elcmentery programmcs and [Fig.S
illustrates through an actual exanple the dramatic effect sich mrograrmes can

have in the design timescale for typizal stvuctures.

A% present this type of developwent is ceatred arcund the dircect
gutcmasion of the classical approaches *o sirength and stability deteruination
os exemplified by the fenaliar data shecis. As in the case of structurel

idealisaizon a longer-term approach using tiic basic sireos analysis precedurcs



looks promising. Overall stability calculstions as an extension of matrix
analysis are already familiar and there 1s no fundaumental barrier to applying
these techniques at local buckling scale. Tnis has alresdy been demonstrated
for individual problems, but as a general technigue for application throughout
a complicated airframe, practical implementation must await the devclopment of

the integrated stressing procedures discussed later.

1o  Structural optumisation

4 number of active developments are now taking place in the field of
optamum design. These are generally extensions of basic techniques for
internal stress analysis and strength and stability calculation. In B.A.C.
most effort in this field is being devoted to the extension of the detail
design analys:s routines to carry out optimum design of practical structures.
For example, the procedures for determining the load-carrying capacity of
skin-stringer panels are being extended so as to verform the selection of
optamum, varying, dimensions of a complete skin sub-assembly subgect to a
prescribed form of load distribution and to practical restraictions imposed by
continuity and ease of manufacture. If the stringers are required to be
parallel and the whole structure 1s restricted in depth, a renge of possible
stringer pitches can be selected and a programme 1s wratten to determine values
of the unspecified lonal section dimcnsions {within the depth and thickness
cestrictions) such that strength and stability are just satisfied at all
points in the psnel and the weight is least. The overall minimm is then
determined by cearch and interpolation amengst the minimum weights for each
of the initially selected design paramelers. For this simple problem no
sophisticated technique is requirced for searching for the design of least
weight. Likewisc, 1f thce optimum material distribution problem 1s treated by
iterative re-analysis of the structure {using mcdified component sizes such
that stresses are kept within prescribed limaits and weight is reduced to a
practical minimum) some very simple 1terative techniques can be effective as
demonstrated, for example, by Argyris1. Botn these procedurss are illustrated
in Pige6. Far more development 1s reguired to deal with the complete prdblem
in which design parameter variation influences botn the internal load
distrabution and the strength and stabilaty of components. Some interesting
ideas are ensrging, for example fram Schmit™ and his associates but so far the
demonstrated techniques of search for the minimm weight design are too
demanding in terms of camputer time to be economical. It scems very prcoable
that a breakthrough will soon be made in this field, which will copen ap a vast



27

potentsal optimum design capébility in those organisations equipped with the
bagic autamated analysis facilicies. 3ut even wiihcut this cauprehnensive
capebility the aimpler techniques already being introduced will go a long way
towards improving structural efficiency and the rapidity ol initial design.
Furthermore these techniques are known to be well v.rlthiq ille capabilities of

our current range of camputers.

1.5 Geometrical manipulation

A large variety of develomments can be grouped under inis heeding,
rangwng fran simple functions such as the determination of scotion censteante
to highly canplex problems of layout optimisation. Tae sinple, repetit‘:ive
problens have been programmed for meny years on an individual basis, and the
facilities available an any organisation tend to depend on vhich routine tasks
are found to present the largest burden. It is only proposcd to discuss here

aque of the morce far-reaching develomments at present in hand.

There are already in cxistcnce,\ numsrous scherss and programmes for the
definiticn of surface gecmetry ir. numericc! terms end for perfornming the
standard operations of fairing, interpolating, scctioning, cte. which are
traditionally associated with full-scale layout draughting. Within B.A.C. we
are currently working to cstablish such facilitics on our rresert computers and
elso to investigate extended facilities to gave wider assistance to,design.

The principles have been established for numerically d:zfining the boundary
surfaces and sections of the major siructural members and nost of the
geanctrically simple 1tems of eguipment and systems. One of our first
applicaticns wall be the auvtomalion of giruactural idealisation as alrendy

discussed.

Whilst existing geomelriced menipulaticn schemes can be defined as
"numerical lofting®, the facilities eanticipated by defining solid objects as
well as surfaces can be used to create a "numerical mock-up! of the airframe
and its installations. The design problemg of space utilisation which may
nowadays be conveniently sclved by use of a physical mock-up could in future
be handled by interrogation of the numerical wcdel of the axrframe. It ais
ecasy to visualise very many direct uses for such a model, for example, the
determination of volumes, location and shapes cf aveilable spaces within the
airframe, determination of volume (and hence weight) of the solid members such
as structure, and the assessment of clearancés, fouls and effccts of
tolerances. The next stage in escalation of facilities would involve the

investagation of alternative layouts by systematic re-deployment of major items
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and their interconmecting systems within the available spaces. 2L vast and
complex optimisation process is then set in wotion which can culminate in the

cptimisation of the whole aircraft layout.

It 18 easy to talk of such possibilities amd fundamencally there is no
single cbstacle to their realisation. But returning to realaty 1t must be
recognised that the numerical d=finition of the contents of a space the size
of an airframe down to the detall nccessary to be of any use 1n design 1s an
undertaking of staggering rroportions. A radical appraisal of the simplest and
most condensed definition of surfaces and solids 1s required in order that the
basic data can be fed to a computer in the first place. The information mst
also be stored in a highly condensed form and expansion into a detailed local
definition of camponent boundaries may only be possible vhere it is specifically
required. It could well be that advanced facilities of this sart will only be
practiceble with computers having storage capacities and access times orders
of magnitude in advance of cwrent cquipment, aid with very highly developed

peripheral equipment for communicating with the computor.

1.6 TWeight and cost estimation

Veight accounting programmes are ancther familiar facilaty available in
most aircraft design establishments today. In their simplest form they eccept
detailed weights, mmments of inertia and coordinates of indavidual items and
produce updated informetion on total weight, C.G. position end inertis
distribution. An overdue development in computer application in this country
w2ll be in the field of weight prediction. Starting with cmpirical and
statistical methods a great deal could be done to improve on current methods,
which tend to be very unreliasble through practical ailure to idsniify the

carrect design parameters and their relative significence.

A more satisfactary method of weight prediction will be obtained by an
obvious extension of automated design tecnniques. I basic areas and thick-
nesses of structural members can be rapidly determined it 1s a straight-forward
matter to calcuwlate basic siructure weight. By introducing eimpirzcal factors
to allow for Jjoints, tolerances, access penalties, etc. practical structure

weights can be estimated.

A far wore difficult problem, but one which requires serious attention
1s that of cost estimation in terms of the design parsmeters. In the
increasingly competitive industry today it is as important to optimise designs

for cost as it is for weight. At present cost data are not suificiently
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detailed to permit any accurate correlation with the femiliar design parameters.
There are many fundamental difficuliies in obtaining adequate cost inforvation
chiefly due te pronounced interaction betwnen the effects of different
Parameters and changes in fabrication or asserbly methods wvhich may be intro-
duced through parameter variation. Theore should be no difficulty an

harnessing our computers to assist scourate cost optimisation once thz basic

enginecring mroblem of cost assessment has been properly rationalised.

2 TNTEGRATED STRUCTURAL ANALYSTS TECIHNIQUES

The exicnsion of computer applications rigpht scross the ficld of
structural analysis and design 1s now generally accepted as an inevatable, and
for the mest part, weicome lrend. But even with the develomment of proprames
specifically designed to reduce labour, the present system of developnent of
separate routincs to tackle different fecets of the oversll design problen 1s
bound to lead to a blockage in the extent to which current caaputing
Tacilities can be utiliseds This ariscs fiom the limzted capacity of the
designers and englneors to carry out the formulation and anteroretation of the
separate analyscs. oith first gencoration canputers’ it was possabls to use
partially sutamated routines and balance formulation time against ccmputing
twme, elbeit with severe limitations on the total level of cenputer

vtilisation.

Current computers being introduced in owr indusiry have 50-100 times the
votenitlel work capaciby of the carlier machines but the level of autaunatbtion
now being programmed is unlikely to do more than troole the capacity for
formulation and interpretation with a fixed number of staff. Since ve are
attempting to cut desagn timescales by a Lialf with the use of less than half
the manpower per eircralft to which we have recently been accustoned we are in
danger of being able to make less usc of computers than heretofare escept for
logging up large numbers of computer hours performing, for cxample, nan-linear
analyses and partial optimisation analysis cycles whose recurn in terms of

design econamics is arguable.

Our rcal need is to utilise the capacity which will shortly be availsble
to provide all the necessary data on shich teo base early design decisions and
to carmiy out all stressang caleuwlations, large erd small scale to & common
stendord and with a mainimm of “dzsign by eye"s To do tnis we must overcame
ihe computer communicetion problem by introducing autanation at such a level
thot the design engincer can use the computer as easily and quickly s he can

specify, in faualiar engincering teras, the detaxls of the problem he washes
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to pose. We believe that this 1deal can be realised by the development of a
fully integrated set of rcutines for geauetrical, structural and optirum
design analysis linked by a high level problem language resenbling technical
English and normal mathematical symbolism. HMHuch of the ground work for the
establishment of such a control language and 1ts implementation in FORTRAN IV
has been carried out at B.A.C. by W.A. Coles (now of Salford R.C.A.T.) and
P.H. Roberts.

Integration of subroutines implies that all preocedures for analysie of
structural behaviour, strength determination, cost/weighi optimisation, etec.
can be called upon in any rational segquence, so that an infanately variable
set of problems can be specified merely by writing them dom in the formal
language. Inlegration also impliies tnat data are campletcly compatible 1n
physical content ard format for all subroatines,or alternatively can be
transformed by additional subroutines without manual intecrvention. The aim
muet always be to eliminate all manual operations which arc not absolutely
necesscry to the description of the problcm.i Purthermorc, sufficient data
should always be retained on tape sc that a previous problem sequernce can be

restarted in order to comtinue the design process or introduce mcdilications.

The introduction of a new system on the scale envisaged prescents very
sericus problems in an aircraft design firm where first priority must always
be given to design work on specific projects rather than long-term develop-
ment. It is not concelvable that the task should be taclied as a single
entity: it must develop gradually. We arc learning the hard way sonc of the
problems encountercd in writing open-endad programming sysfems - trying to
anticipate the requirements of facilities on which development has not begun.
e outline below the main steps in our proposed progression sowards the
ultimate objectives of integrated stress analysis and finally indicatc fthe

expected utilisation of the develeped system.

2¢7 Develomment of the integrated system

The developments described in Scction 1 are already vell under way in
at least a simple form and 1t 1s cxpected that individual facilatics for
analysis, partial idealisation, deta:l design and simple optimisatzion will be
avallable in B.A.C. within 6 months. When this stage 1s reached the essential
facilities needed for adequate design and approval of our current aricraft will
be available ard we shall be able to turn our attention to the fully integrated

analysis system which is our real ¢hjective.
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The farst step will be the gradual development of an improved facility
for matrix siress snalysis incorporating, in prarticular, facilities for data
cordensation, autamatic substructure analysis and interaction, seleciion of
locally detailed molutions and inspection and interpretation of the output.
The scheme was described more fully in our recent paper5 and daffers
fundementally from existing schenes in jts infinitely recursive naiure. That
is to say the programming, data formsts and internel storage arrangements are
designed fram the outset {0 inclulde the "nesting" of substructure within
structures down to any level. The control language for cetailed specification
of problems using this scheme is envisaged as a “sub-sui" of the ultinate
general structural analysis language. The basic scheme will be expanded to
provide facilities for non-lincar enzalysis, simple optinzsation by cycles of
modification and re-analysis, gencral instabilaty invesi\::l.gation and natural
vibration and response determination all under the centrol of the comam

problem-specification language.

The next stage of developuwent will involve linking in & sct of programmes
far surfece and simple solid geometry manipulation as descrabed an Scetion 1.6.
These will be used primerily for idealisation and for interpretation of
solutions at this stage. It is visualised that the significont features of
the real structure will constitute the structural input data rathor than a
formalised definition of an idealised structure. As soon as it is possible
to describe the real structwre foar melrix analysis purposes it is also possiblc
to carry out strength and stability asnlyses using cxactly the same deflinition.
If, idealisntzon by substructurc analysis is ompleoyed, lhen stobility analysis
can be carried out in the same way, essuming that the prcblems of general
instability of interconnected substructures (where local and overall modes may
interact) can be satisfactorily solved. In this case the only extension of
basic facilities required is the provision of a link which uses the internal
loading distributions determined by matrix analysis as the basis for
determining instability loed factors. It is worth observing tnat whilst full-
scale numorical geometry facilities as described in Section 1.5 may.be beyond
the capacity of current computers, tae limited facilities requared for
descripiion of basic structure are within this capacaty. A1l the analytical
steps mentioned above have already becn demonsirated so the intograted
idealisation - enalysis - stability assessment procedurc can be stated
categorically to be feasible and achievable within a quite modest timcscale.
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To incorparate design modification and optimisation into the system cn a
comprehensive scale it is necessary to develop the strength and stability
analysis facilities to the point at which a complate functional relationship
is established between component load capacity (and stiffness inclading non-
linearities), and the variable design parameters (cauoonent sizes, material
properties, etc.). It is also necessary to incorporate into the system
automated procedures for assessment of sitructural merat (i.e. weight, cost or
balanced weight:cost effectiveness) as mentioned in Szction 1.6. Once again
the procedures must be fully campatible both in data format and in contiol by

extension of the basic problem language.

At this stage a full optimisaticn of structural design is pessible by
manual intervention in the redesign cycle. This need not be very tine
consuming provided that convergence to an efficient design is rapid. The
incorporation of a simple “design modifier" procedure will be straighiforward
provided that a simple craterion of officicncy (<.g. the so-called unifermly
stressed structure) is used. The cconomics of developing more sophisticated
autanated optimisation must, however, be questioned with the prescnt computing
cquipment. There 1s a need for a great deal wmere rescarch into the general
problea of search for the optimum design when the number of design variables
may be numbered in thousands and the constraints varied and interrelated as
they are an the case of complex structures. Jntil a method is developed whach
can ensure rapid convergence to the optimun and o reduction To the absolute
minimum of the cyclic reanalysis of the structure, there 1s little point in

adding this type of facilaity to the integrated schene.

The ultimate goal in integrated structural desagn will be to incorporate
the optimisation of airframe layout as menticned an Scction 1.6 into the
overall scheme so that structures can be optimised as part of a compiete
airframe. This is not considered feasible on a oractical scals wirth current
canmputers, and work iIn this field could only be considered as pilo: dovelop-

ment for an eventual higher standard of equipment.

2.2 Scme forccast capobilities of the integrated systom

The structural applications of a present day medium sized camputer will
be discussed i1n relation to an arbitrary 3-year aircraft design pericd wiiich

we shall divide into three 42 month sitages as follows:-

Design study
Initiel design

Design confarmation.
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The autonated fecilities which we heve been describing could be used in
all thres stageé - the practical extent of this utilisation being outlined mn ¢

these concluding paragrarhs.

2.2.1 Design stuly phase

Comparative studies can be made of ver.ous siructural layouts to
determine the influence of major design variations upon the static stress
distributiom, aercelastic omd resuluing structure weight. It 1s considered
that up to 6 complete saircraft strustures could be wnvestigated at about the
level of detail indicated in Fig.7. lany more locel iavasiigetions could be
mac'ie; to study the effects of relotively minor changes such as numbers and type
of major attachments,rib and spar layout, etc. In particular, the remdity of
assessmenl of a compicte design dovn to deteraaning weight and sbtaffness will
enable a proper evaluetion of the design implications of acroclasticity on

loading and integraty .%o be invorperated ot iLis stage.

At the detail design level it will be possible to make extensive ond
detailed weight comparisons between different materials sl construction
methods, and also cost camparisons when techniques are sufficicntly advanced.
This sort of activity is not likely 1o be lirited by time end manpewer so ruch

as by availability of detail design routines.

2.2.2 Tnitinl design phaac

At this stage of design the integrated focilitics will be used to
Trovide the internal lood distributzon analysis, perferm the bulk of routine
detail design specification and produce regularly updated weight date. The
analyscs will be continuclly modified as design progresses and tnc detail
design stages will include scversl cyelos of re-annlysis to achisve a high
level of shtiruetural efficiency. It shouwld be feasinle o conduct two magor
analysis formulations for cach main airucture component {i.c. with different
basic structural wdealisalion if necessary) and within cach of tnese, many

cycles of analysis and static struclural design should be possible.

By use of substructurce methods, or by separate formulation, static -
anelysis and dynamic, non-linear analysis cculd be conducted at different
scales, the latter with roughly the same degroes of refinament as the project
vhage analysis, the former at a scale sulficiently small o represent. primery
stress distributions with good accwacy and including stl principal strucsural

members in theivr courrect posation. It 1s not considersd practical, wath our
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current equipment, to perform the vast number of analysis cycles required for
dynamic responge, creep snd overall autamatic optimisation at this detazl

acale.

At the detail design level 1t should be possible to select skin and
stviffener dimensions, spar, rib, frame and longeron sizes and to choose between
several alternative forms of construction. 41l majer contznuous joints could
be sized and local skin reinforcements defined for stardard forms of joint and
cut—out. Pressure bulkhead, floors, doors and hatches can be analysed and

designed comparing various structural layouts.

Weight, and later, cost estimates will be continually revised, being
based at farst on the results of optimum design analysis. As design of deteils
progresses the actual component weight estimates will be used to replace the

values cbtawned by factoring fram basic dimenzions.

Aeroelastic data could be derived at various stages of the ‘design and
analysis: probebly two main derivations will suffice one early on ard &
second as the design becames finalised. These would be used to modily design

loads and investigate aeroclastic stability at each stage.

2.2.3 Design confirmation phase

The progrzammes envisaged will provide a capability to replace practically
all of the coaventional check-stress by computer analysis carried through to
systemalic type record preparation.

The complete airframe structure could be defined by the mmerical
geanetry facilities and the major airframe components, together with all the
control surfaces, doors, hatches, etc. could be converiently defined as
interacting substructures. Structural idealisation to a chosen grid and
compenent strength/stability determination would be carrvied ocut by autcmatic
subdivision and local matrix analysis, taking full adventage of repeated
structural patterns. Loading, including local inertias and acroelastics based
on the data from the final stage of design, could alsc be applied at sub-
structure scale. Panel load capacities would first be determaned at "grid
scale" and compared with calculated lecadings. Further investigation down to
substructure level would be carried out in regions where strength mergins were
lowest, and critical reserve factors would be quoted in relation to actual

structural mombers.

Test data could be introduced to amplify or rcplace calculated strengtns

as soon as they becamc avarlable.



3 CCNCLUSICHE
The Tacilities at tresent under Jdevelopmernt for utilising the mediun-
sized compubers in the Dratish wircralt anduslry ave not e::pect‘ed to yroouce
any radical advence in structural design applications canpared with the best
facilities whicn have been availuble on firsl gernceralicn eyuipment. Their
use will be severely restricted by inc amount of mamual effort raquired for

problem formmlation end interprstation. f

The next stage of development will involve o signaficont increoce in
the degree of automation tnrovgh the use o on integrated stress amiysm
scheme incorporating geametric, structural analysis, desiga and optumisation
facilities, It is predicted that this type of schere will provide o very
satisfactory ca.iaablllty for thce analysis aml design of malcia alrcraft

gtructures from mnitral stuldy throupgh to checlt stressing.
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Dr. H. Kamel {Technische Hochschule, Stuttgart) cammented that lir. Teag's

paper presented an excellent survey of the problems and possibilities that the
awrcraf't engineer encounters to-day. He then pointed out that a great deal of
energy is wasted in relating publications on matrix methods of structural
analysis fran different institutions which use conflicting systems of notation.
Whereas this situation i1s unfortunate in ftae basic structural theory, a
similer situation 1n the carresponding high level software would be catastrophic.
Many separate groups have been developing their own software packages and, o
dobt, they have each had particular success in same aspeot of the problem.

It would be greatly to the advantage of all concerned if cxchanges of
information could be arranged betwcen these different groups, and tne ultimate
user, tho engineer, would be forever thaniful. Interest in such co-operation
is already apparent in the U.S,A. Could Mr. Taig tell us to what extent he
thinks an cxchange of experiense could take place betwecn groﬁps in different
rarts of the wvorld who have the came aims?

Mr. Taig's pvaver indicates that the heart of an integrated system must
be a language designed to help the engincer describe his prcblem for cumputer
solution. Dr. Kamel's Group in Professor Argyris' Instatute 2t Stuttgart is
developing a lunguage of this kind known as ASKA, and the first programmer's
menual was issued last Octdber. This language is also based on the division
of a canplex structure into a number of swbstructures. It differs, hovever,
in two uimportant respects fram the system advocated by Mr. Tuag. Farstly,

Wr. Taig's system connects substructures at different levels, whereas ASKA
divides the structure into an arbitrary number of substructures, alil at the
same level, which are then comnected through s;mple insiructions. The sécond
dafference is that the subdivision employed by Mr. Teig scems to dictate a
separate computation of each substructure, and e subsequent essembly computation
‘using one of ths stardard technigues of the matrix theary. In ASKA, the
purpose of the supdivision is merely to simplify tne descriptien of the
structure and the input of data. While Dr. Kamel was very pleased with ASKA
as a descriptive language, he was well aware of the amount of development that
mst st1l) take place before a really intcgrated system cvolves which also
incorporates facilities for the acrodynamicist, acroclasticisn, draughteman

and production cngincer.
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Dr. Kamel emphesized that the ASKA system is not merely a collection of
subrcutines; it has an interpreter whach accepts statements written in a new
artificial language easily understandable by an engineer with a logical mird.
Structural engineers with very little knowledge of computers have been trained
without difficulty to solwve practical prchlems on the computer using this
system. He 1llustrated the descriptive power of the ASKA language with a
number of examples. Fig.l1 shows a typical aircraft structure davided znto -
several components, each having its own topological pattern. Statements which
can describe, with a minimum of information, patterns sucn as are shown 1n
Fig.2 are a basic feature of the languagé, and irregalar patterns can be
described with an appropriate increasc in the number of statcments. The basic
descriptive statements of the language are illustrated in Fag.3, where ong,
two and three-dimensional elemeat arrangements are described topologically.

A specific example describing a three-dimensional pattern cf flanges within

an imaginary space frame is shomn in Pige4s IExamples of stendard elements
included 1n the ASKA structural sysfem library arc representcd in Fig.5 by
two triangles, a parallelogram plate in bending and a refined tetrahedron
element for three-dimensional analysis. A4ll the standard clements included in
the 1library, and the basic structural thcory, derive exclusively fram
publications of Professor Argyris, but the systcm 1s so gencral that any other
element stiffness could easily be included.

F1g.6 shows typical functions of the ASKA repertoire. ASKA has a large
library in which the usual computing procedures encountered in the linear and
non~linear analysis of structures arc included. As examplcs, all tnc standard
expressions are shown for the computation of element stiffnesses, the
formation of the assembled stiffness motrix of the complete structure fram
those of the individual elemcnts, and the inversion subrouatine for this
assembled stiffness or, more useful from the practical poant of vicw, the
direct soclution of the set of equations to ohtain the displacements. A numbar
of features currently being introduced include facilities far dynamical analysis
such as, for cxomple, the kinematically consistent lumped moss matrix. All tne
matrices are handled as supermatricecs; only non-zerc submatrices arc stored
or enter into the computations. BEconomlic conputation times are cbtained by
using a system of this kind and by making usc of spccial propertics sach as
the symmetry of the assembled stiffrness matrix. o

A typrcal structural prcblem of very simple topological nature is the
diffusion of load into a rectangular panel reinforced by two flanges, as shown

in FPig.7. This figure also includes the programme nccessary to describe the
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structure. A slightly more sophisticated problem, shown mn Fig.8, 1s that of

a rectanguiar plate with & hole in the middle. Using this particular
arrangement of elements, the pattern 1s really split into two regions. There
is no advantage to be gained, however, from introducing substructures in this
example. Fig.9 shows a problem fairly representative of what can be

achieved to-day with little difficulty. In order to analyse such a double-cell
fuselage with many cut-outs, bulkheads, and double rings, the structure is
divided into a number of substructures (Fig.10), the first of which 1s the
outer cover with the attached ring elements. The second substructure is the
floor, including the floor beams. For each of the four bulkheads we define

a now substructure. The concise programme necessary to describe this complex
problem is shown an Fag.11. Some typical camputational tames involved in
examples characteristic of those encountered in aircralt structures might be

of intercst. Fig.12 shows the time nccessary to generate all ihe control

lists requircd for the problems as a function of the mmber of unknowns. This
subroutine 1s still called the 'a' subroutine (fram the kinematic Boolean
matrix a), although it has departed considersbly from being a subroutine for
conputing this matrix alone to becamng the most important supervisory sub-
routine of the systems Figel3 shows typical times for asscmbling the stiffness
matrices of camplete structures, and Fig.14 gives typical solution times for the

calculation of nodal deflections for one loading case.

Finally, Dr. Kemel mentioned the impact of basic software, such as
matrix schemes, on specralized applications such as ASKA. There is no doubt
that the internal form of applications softwarc will be greatly simplified
through the introduction of more sophisticated compilers amd interpreters.

Hr. Taig mentioned an advanced matrix scheme foar the IBM 7040. A similar
schome, which is being developed at the Stuttgart Institute for the UNIVAC 1107
will have a greet impact on the ASKA system; this scheme is already partly in

operation.

lMir. Taig replaed that he was convinced that the time was ripe for more
co—-operation between the various organisations working on the development of
structural analysis technigues and rclated problems. His own expericnce had
demonstrated to him, however, thet co-operation is diffacult in this field if
there is no controlling authority to direct the work. In this kind of work
one is dealing with highly intelligent pecople with a great deal of pride in
their i1deas, and it is often very difficult to agree on a cammon way to proceed

towords a common goal. iforeover it is often diffacult to find a cammon goal
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evea within one orgasnisation. For example, one division of B.A.C. may con-
centrate at a given time on civil aircraft and operating economics, another on
aeroelastic problems, and a third on supersonic aircraft problems such as
thermal stressing; the short term pricrities are thus different in each
division.

Another problem 28 that a good autamation system has a tremendous long
term commercial potential. Consequently we suspect that the information we
obtain from America is of the order of five years out of date; anything that
is of real value this year they arec prcbably hanging on to like grim death.
They do not make available the FORTRAN IV programmes which can be used to
design a DC.9, say, automatically, because they may have spent several million
dollars on the development of the programmes and they want a still larger
commercial return from them. Similarly when we prut effort into our own
developments we cannot lightly make them availsble to ocur canpetitors unless
there is joint financing and joant marketing. We are, perhaps, getting %o the
stage now in the British industry where we could work to a National plan on a
National scale, but questions of cammercial protection are still likely to
introduce difficulties, Programme language standardisation is probably one of

the casier areas in which to mske progress.

Mr. Nicholson said that cveryone would appreciate Mr. Taig's comments on

sof'tware, deflciencies in which are holding up progress in this country. This
is big business rather than pure science, but it is worth remembering that
aeronautics has devceloped at the spceed that 1t has because pcople have been
prepared not to press too hard the commerciel value of kecping things to
themselves. Aeronautics has been almost unigue in the extent to which

commercially valuable information has been rcleased quickly.
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THE DIGITAL COMPUTER IN THE LRAWING OFFICE AND
FRODUCTTON ENGINEERING

by

G.E.G. Bishop
(Hawker Siddeley Aviation, Hatlield)

INTRODUCTION

The object of this paper is to provoke discussion on the use of coamputers
for handling geametric work in aircraft design and manufacture. The geometry
is the "real" aircraft geometry and not some idealised mathematical model of
it {as used for instance in structural analysis wark).

What geometric work is done now?
Can the methods improve?

How can canputers help more?
The two fields of application which will be briefly discussed are:=

(2) Geanetry as it arises in planning the mumerical control of
machine tools,

(b) Geometry in detail design work.

NUMERICAL CONTROL OF MACHINE TOOLS

The technigue of controlling machine tools by numerical infarmation on
magnetic tape is now well established, ard its use is rapidly increasing.
Future expansion will be limited only by

(1) The abilities of the machine tool and its control systcm,
(2) The abilities of the descriptive languages, used by the
production/planning engineer to describe his workplece.
These are of cqual importance.

The "parts programmer" lenguagesin use in the airecraft industry at
present arc:-

Profiledata Devcloped by Ferranti Ltd. It allows 3 dimensional
workshapes, with some restrictions, but these are not
severe limitations on most current shapes. It is a
language used throughout the Brlitish engineering
industry.
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Cocomat Developed by Rolls Royce Ltd., incorporates features

CLaM

most useful to the shapes end patterns which occur in

engine design.

Developed in the United States, has features which
enable any 3-dimensional shape to be described. It is
novw available for use in this country on same large

American and British computers.

Developed at Hawker Siddeley Aviation, Hatfield.

There were four main reasmms why we decided in early 1964 to develop

another language as an alternative to Ferranti Standard Planning (the fore-
runner of Profiledata) :~

(1)

(2

(3)

(%)

We wore getting a powerful ccmpufer (KDF9) which could be
organised to make fewer demands on the planning enginecer, and
integrate same of the D.O./production engineering warke

We could faresee the growth of numerical control work such that a
scli-cantained system vould be necessary and cconamic at Hatfield

to produce the control magnetic tape.

The majoraty of components being machined at that time weore

"simple" i.e. 2 or 25 dimensional.

We wanted the ability to handle aerodynamic shapes (i.e. general

curves) easily and consistently.

Fig.1 shows the alternative paths by which numerical control work can

now be handled. The initial idea of developing a self-contained system by

having a curve generatar attached to KDF9, has not yet materialised. One of

the current outputs from KDF9 is, therefore, a paper tepc in FED! code, which

is sent to Edinburgh for conversion to magnetic tape. This magnetic tape is
returned to Hatfield to control the machine tool.

FEATURES OF CLAM

CLAM - Computer Language for Machining is now used on KDF9 as a
language which

(1)

(21)

at present is restricted to 212* dimensional geometry and
machining i.e. the tol can move in a harizontal plane, or in a

verticel direction, separately,

can define wark shapes which are any mixture of straignt lines,
circles ard general curves.
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A CLAM programme is a series of statements of two types:-

(1) Definitions - these do not cause any tool movement, but merely
define geometric referemces. Figs.2, 3 and 4 show

exampleg.

(2) Profiling - these cither cause tool movement or control the
Statements tool operation. Figs.5, 6, 7 and 8 show typical
statements for moving along lines, circles or

general curves.

The concept of darection is basic to the language, so c¢nat reference is
made to

R and L - right and left of lines and curves
ist and 2nd - farst and second interscetions

CL ard AN - c¢lockwise and anti-clockwise round circles.

To help the non-camputer expert in getting his programmes correct, very
comprehensive errar diagnostics are provided and all logicel errors are found
on the first computer run. Output options are provided for printing the tool
edge path, and centre path, and listing all the defined points, lines, circles
and curves. FED1 tape corresponding to iool centre path will always be output
unless it is suppressed by programme. Fig.9 shows the current list of
available codeswords and the context within which they are used. For the
fexpert" therc are alternative abbreviations. Fig.10 shows a small but complete
CLAM programme and Pig.11 shows the line printer output.of the corresponding
tool cdge pathe To develop CLAM to 1ts present state has involved 2 man-years
of programming effart, shout one third of which has gone into providing the
FED1 tapes This tape contains the same information as the "narmal" Profiledata
method would give, but automatic sllowance has been made for feedrate changes

(slow dovn points) and syacing of points along gencral curves.
/7

HOW WILL NUMERICAL CONTROL TANGUAGES DEVEIOP?

There will be a continuing requircment for both 25D and 3D languages,
If a full 3D language is required, standardisation on one only must be
encouraged because of the large investment implied in creating such a scheme.
For this reason APT, or a subsset of APT 1s likely to be adopteds On a lower
level, a choice of one language only, 1s not essential. Profiledata, because
of its current widespread use is top of the list, but another language is
being specified at the National Engineering laboratory and must be considered.
There will always be local reasans why private schermes developed with



bk

particular refinements (such as CLAM) will continue ‘o be used. Five years
hence, when the first fruits of the current camputer-—eided-design ideas

will be maturing, there may be a canpletely new approach to desigrn and
manufacture. The only certainty is that, if it can be shown that a cheaper
ard better product can be created using new methods we have all to be prepared
and re‘ady to change.

GEOMITRY IN DETAIL DESIGN WORK

The use of computers by Drawing Offices in general, has lagged behind
the developments which have ocourred in acrodynamics and structural
applications. '

The main reasons for this are:-

(1) Computcr assistence has not been an absolute essential far D.O.

work - it is possible to do most of the geometric wark manually.

(2) The prdolem of commmication between specialists - appreciating
the other mans problem or what he can of fer.

(3) Doubts on the relisbility of remresenting gencral shapes

mathematically.

(&)  D«O. always require a ‘graphical fresentation and until recently
automatic plotters of the required size and accuracy were not

available. Thus any computed work always had to be drawn mamally.

Currently, however, the potential of the computer is being exploared and an
inereasing usc is assured. ’

WORK TO DATE

The wark to date has becn largely concerned with wing shape design and

subsequently getting any cross-sectional slice.

The total process isi=

(2) Given a few master cross section shapes, a scries of programmes

create straight line generators between these scetions.

(b)  This envclope of lines then defines the outer wing shape campletely
and can be sliced by any plane to give the appropriate cross-—

. scctional vicw.



L5

(¢) ©PBxtra generators can be added which represent internal slot
shapes, flap shapes, positions of spars, cables, pipes etc. and
this 1mmediately enables internal items to be located relative to

any cross-—-gection.

Cross~sections can be output (as X, ¥, 2 co-ordunates)relative to any specified

axecd.

CLAM is now being used by the D.0. as a useful geametric language, €.g
tbtaining internal skin profiles etc., given the outer skin profile from the

generator cross-section process.

FUTURE DEVELOPMENTS

There is no doubt at all that the recent striking advances in computer
design, offering direct access fram multiple consoles wiiwch consist of type-
writers or graphical displays, will have a big impact on desipgn thinking and
progress ¢venbually. Whilst keeping an open muxd on the feasibility of an
carly introduction of these techniques, I feecl, that on a practical scale, we
shall in the next five years be steadily developing our present methods to
produce an integrated system for handling total aircraft geametry. Direct
access will certainly be used to emnable the carrection of crrors in programmes
or data quickly, and the easier and quicker handing over of infamation from
one scries of programmes to another. It will be at least five years however,
and prcbably nearer ten before an effective design system utilising graphical
display techniques is warking. A lot of realistic thinking must be done to
decide how best to re-organise and rc-educate present departments to make the

most effective use of the new total camputer-based opportunities.
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DISCUSSION

Mr. Hell (British Aircraft Corporaetion, Weybridge) sa1d he would like to
take Mr. Bishop up, in particular, on the last point he made - the question of

money. Engineers have made a poor job over the past few years of selling the
use o' automation and computers to the financiers, both in the Govermment and
in industry, who provide the money for the aircraft industry. The true cost~
effectiveness approach has been neglected and many engineers have merely
satisfied themselves that the depth of analysis and the sophistication put into
the task are increased by using these facilitics. For example he had not yet
"seen a really good cost-effcctiveness case put forwerd in his own compeny for
the use of tape-controlled machines. Cammercial pcople in industry are not
interested in sophistication for its o sake; they want to produce cheap

saleable products which may be aircraft or any other engineering item.

Hr. Hall also camented that too much emphasis was being placed on the
numerical control of metal-cutting machines. A great deal of the wark of the
aircraft industry is metal bending, metal forming and light assembly work.
Tape control could certainly be applicd to thesc operations but few cost-
effectiveness studics have been made of this kind of application. It has also
been proved that long mrdluction runs arc not alweys a necessary pre-requisite

for the effective application of tapc control.

¥r. Hall poanted out that the real initial impact of automation in the
aircraft industry would be in the field of technical data-procesaing. Recent
studies of the total cost of the design ard development of large aircraft such
as the V.C,10 show that the most expensive Job is not creative design; it is
the organisation of data into an integrated whole, and the transmission af thas
information to the people that cut, bend and farm metal. It must be demon-
strated to the financiers that a2lthough a great deal of money will be needed
to develop the software necessary to utilise the computer efficiently in such
applicationa, the returnfor this investment in terms of timc and money saved

can be very large indeed.

Mr. Potter (Royal Aircraft Establiskment) said he was all for pioneering

a rescarch and development ficld when it was necessary. He wondered, however,

whether there was any point in carrying on with the development of CLAM now
that Ferranti have cvolved COPATH which gives the producticn enginecr, in
effect, magnetic tape processing in his own orbit. It is well known that
pioneers are often overtaken and this seems to be a casc in point. He did-.not

know wvhether CLAM hed a greater usc in design rather than in machine tool
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control, but 1t seemed to him that Profiledata, alang with COPATH, covered the
requisite need in the machine tool field.

Mr. Bishop replied that they started work on CLAM in 1964 befare the
current scheme provided by Ferranti waé available; they had involved them-
selves in two man-years effort so far. The future of this language would, he
thought, be mainly on the design side, where it could be used in the inte-
gration of geometrical schemes. It saves a lot of effort, moreover, in the
retrieval of data such as aerodynamic shapes, outer contours and imnmer contours
which are resquired by the planning engincer. He thought that an integrated
scheme of this kind was necessary. Whether they should put Profiledata on

KDY was an open guestion.

In reply to Mr. Hall, Mr. Bishop said that his firm had done a brief
cost-effectiveness study on the use of the digital computer in technical data-
processing. It was found that ten people,who could more profitebly be employed
on other wark, were spending all thear time transferring mcdifications fram one
drawing to another in the electricel drawing office. This is & simple job far
a computer with a reascnably fast' core store, n;agnetic tape and a line printer,
and routing chart, radio cable and wiring diagram modifications are now
processed on KDF9. Current modifications are incarporated each week in a
single session, and lists are printed containing the relevant information for

1I:he man on the shop floor.

Mr. Bishop commented that his firm too only had automatic control on
metal cutting devices. He thought that an effort must be mede to convince the
finenciers that a wider range of numerically-controlled machine tools were
needed. )

Mr. Leslie (National Engineering Laboratory) said that the N.E.L. was
altempting to rrovide same stardardisation of camputer programmes for

the planning engineer using numerically-contrclled machine tools. The aircraft
industry illustrated this need since there were three other programmes in
addition to that described by Mr. Bishop. These all used different languages
to describe the required machine tool action. This mde it difficult for men
to move round the industry, or for ‘wqu to be sub-contracted where numerical
control was involved. Different programes were provided by different control
system manufacturers and this resulted in the‘user restricting his choice to
encompass only one type of control system, or finding it necessary to re-
programme if he wished to transfer rcpeats of a jJob fram one type of controlled
machine to ancther.
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N.E.L. were financing the development of yet another camputer programme
whose planning, or part-programming, langnage was a subset of a U.S.
numerical-control programme known as APT. As Mr. Bishop hed indicated, APT
is useful when complicated snapes have to be machined on machine tools with
4 or 5 machining axes. A simple subset franm AFT 1s used to describe the type
of machining widely done in the U.K. on 2%-axis machines, and it is hoped that
early in 1967 a compiler will be freely available on current British computers.
The campiler will be based on FORTRAN so that it should be casily implemented
on any computer having an ASA FPORTRAN IV caupiler and at least 12K of
accessible core store. This numerical-control compiler will be maintained by
N.E.L. and lead in due course to same degree of starndardisation of part-
Programming lenguage. It should provide training for both the design office
and the workshop plamning office, who will later go on to mare complicated
wark requiring AFPT.

Mr. Leslie also cammented that, as an outside observer, he had the
impression that the aircraft industry in this country was more concerned about
current cost-effectivencss than in the necesgity to obtain a proficiency in
new techniques so that they would be cost effective tomorrow. This resulted
in the application of new technigues, such as numerical comtrol, being
delayed unlil competitors in the U.S. had demonstrated its commercial value.
Unfortunately, by the time this value was obvious, a newcamer had a difficult
job in learning quickly enough how to use the new technique. It appeared in
the U.S. that there was more willingness to back a go~ahead man and let ham
try a new dea. The commercial safeguard was obitained on the basis that with
success the man went up and with failure he went out ~ a sufficient deterrent
to make surc that only potentially viable ideas are put up, and that they are

worked on with enthusiasm.

Mr. Macnaghten (Short Brothers and Harland, Belfast) cammented that the
numerical control language developed at Shart Brothers, 'Short Cut', has a

fanal progromme output on paper tape which can bte plotted directly with a
Bensan-Lehner plotter; this plotter has been adapted to read the same code

as the E.M.I. numerically-controlled milling machine. Graphical output of this
kind 1s much easier to check than the digital output illustrated by Mr. Bishop.
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ON THE CLOSER INTEGRATION OF THE DIGITAL
COMPUTER WITH DESIGN FROCEDURES
by

G.G. Pope
(Royal aircraft Establishment)

SUMMARY

This paper reviews computer technigues for the optimum design of stressed-
skin structures and discusses the efficient utilisation of digital cumputers in
the design office.

1 INTRODUCTTION

The digital computer is used extensively in the aircraft design office in
the solution of complicated analytical problems, and a great deesl of effort has
gone into the development of efficient techniques for use in such applications.
The main emphasis has, however, been cn the analysis of the properties of a
given design, and comparatively little attention has been given to the wider
problem of deciding how the potentialities of the digital computer can be
utilised best in the design process as a whole. This paper reviews camputer
teoh'niqu‘es for the design of stressed-skin structures with optimum properties,
and discusses a number of weys in which the digital computer might be employed
to improve the efficiency of design procedures in general. Attention is
concentrated on applications in design and analysis rather than in the organisa-
tion of the design office, so critical-path programming is not discussed.

2 STRUCTURAL OPTIMISATION

All engineering design is an optimisation process in the sense that the
designer is inevatably trying to satisfy a set of specified requircments as
efficiently as possible. It is, however, seldam possible to measurc the merit
of anything as complicated as an elrcraft structure in terms of a single para-
meter, and many design requirements such as, for example, relisbility and case
of maintenance are difficult or, more often, impossible to express mathematically

in terms of the design parameters. A design is usually chosen in practice
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from a number of acceptable alternatives by a qualitative sssessment, on the
basis of past experience, of the relative impartance of a number of merit

functions.

Weight is, of course, a merit function of particular importance in air-
craft design, and it would be very useful if the digital computer could generate
in an efficient manner a minimum weight design for, say, a wing or fuselage of
specified external shape, with just sufficient restrictions imposed on the
geanetry of the internal structural members to leave appropriate space for
crew, fuel tanks, peyloaed, etc. It would also be useful if the camputer could
indicate the range of admissible structures with weights that do not exceed
the minimum value by more than a speci:f‘iéd percentage, s0 é‘nat the correspending
variation of the other merit functions could also be investigated. Optimisa-
tion techniques of this generality will not, however, be available in the
forseeable future, and 1t is more profitable to discuss the campabilities of

optimisation procedures that are already either in use or under development.

Systematic optimisation of camplete stressed-skin structures has been
attempted so far only when the geometry of the basic configuration is fixed,
when the material to be employed has been chosen, and when the only vgriébles
are the thickness of the skin elcments and the cross-sectional area of t}le
reinforcing members. It 1s then usuelly possible to generate a design
iterataively in which all members are cither fully-stressed in at 16&313 one
load condition, or have a minimum specified size. In general -"fully—str.e_sised“
designs obtained in this way are not unique. . For cxemple, whaen minimum éize?
are not specified and members can vonish altogether, there must be at least
as many different "fully-stressed" designs as there are statically determinate
cabinations of menbers within the structure which can equilibrate the applied
loading. These "fully-stressed" designs usually differ in weight, so the
iterative process does not necessarily generate an opt:i.mmnhdesign. Nevertheless
"fully-stressed" designs which have been obtained by a single applicatior; of
this process often appear to be efficient in practice, and they have been
employed by sircraft firms on both sides of the Atlantic. Caution must, how-
ever; be exercised in camplication problems, such as the design of wing- -
fuselage intersections, where it may be difficult to see whether or not a
given "fully-stressed" design is efficient. The rclationship between "fully-
strcssc?d." designg in gencral and optimum designs is discussed in- a recent

paper by Rezani .
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A general method for optimising structures when the tasic configuration
is either fixed or is governed by only a few design parameters has been
developed recently at the Case Institute, Cleveland by Schmit and his
colleaguesz’ 3;. any merit function may be used, and prcblems can be handled
vhere more than one load condition must be considered, and where buckling
effects are important; side constraints like minimum gauge thicknesses can
also be included. The caomputational process, which is based on a non-linear
programming technique, starts fram an arbitrary design and finds a local
optimum such that a small change in any variable causes an increase in the
value of the merit function. This process should strictly be repeated fraom a
number of different starting points if en sbsolute minimum is to be obtained
with reasonable certainty. The cauputations are seldan rcpeated in this way,
however, and the results of a single minimisation sequence are often accepted
if they appcar recsonable, without any further confirmatory checks being made.
This optimisation procedure makes heavy demands on computational facilities,
ard consequently only relatively simple examples have been computed so far.
Computer programmes are, however, being developed currently at the Bell
Aerosystemy Companyi" to apply this kind of procedure to canplicated structures
in gemeral, and to stressed-ekin structurcs in particular. A "fully-stressed"
design is obtained first in these programmes by the usual iterative mocess,
and & minimum weight design is then sought by a numerical procedure which is
very simple compared to those that have been employed in minimisation problems
in other ficlds. Thais relatively simple technique has been effective in the
examplcs computed so far, but 1t may converge less well in mare complicated
problems vwhere stiffness requirements influence the design to a significant
extent, and where the sizes of the various members are established by dis-
similar load conditions. In such prdblems it will, morecover, be essential to
repeat the minimisation sequence from different starting points before it can .
reasongbly be assumed that the computed minimum weight design is the true

minimum weight design.

It is not yet clear how much use can profitably be made of optimisation
techniques of this kind in the design of ailrcraft structures. The enormous
camputational effort which would be involved in the overall design of a camplete
stressed-skin struciure using such techniques, would only be Jjustified if it
could be shown that appreciably better designs could be obtained in this way
than can be evolved in a reasonable time by modifying a trial design
progressively on the basis of past cxperience; no such ¢vidence is yet avail-

able. These techniques can, however, be used cffectively in the optimisation
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of loecal regions of the structure where there are relatively few design para-
meters, but where failure can occur in a number of dufferent vways. A typical
problem of this type is the design of reinforced surfaces which are loaded in
canpression or shear, and a simple application to the design of integrall};r-
stiffened waffle-like plates 1s described by Schmit and his colles.guesj. There
is, of course, already a great deal of published infarmation en such problens
based on studies where only one load condition is considered, where the number
of failure modes is the same as the number of design parameters, and where the
design paramcters are free to take any value irrespective of the physical
implications. Such restrictions are, however, unnecessary with this general

optimisation metheod.

3 DESIGN OF THE BASIC CONFIGURATION OF ATRCRAFT STRUCTURES

The configuration of the internal structure of major aircraft camponents
suwch as wings ard fuselages is normally chosen by assessing a series of
tentative design studies based on alternative configurations which have been
selected ;n the basis of published data and mevious experience. In relatively
simple problems such as the design of regular portions of high aspect ratio
wings these studies can be performed adequately on the basis of elementary beam
and tube theories, with the assistance of standerd information on the strength
and the weight of the availablie forms of construction. When, however, a
structure with more complicated deformational properties is being designed,
suwh as, for exemple, a low aspect ratio wing, there are far mere possible
configurations anmd, furthermore, the amount of computation in each study is
larger since it is necessary to develop designs based on cach configuration,

using finite element methods of analysis.

The efficiency of thas kand of design process depends not only on the
experience and the ability of the designer, but also on the number of structural
configurations that he can assess in a reasonable time. 4 system of computer
routines designed to minimise delays in this kard of work would therefore be a
very valusble design office facility. Such routines should be written in a
consistent form so that they can be combined quickly into an efficient programme

foar use in a poarticular application.

Suppose, far example, that the basic structural configuration is to be
chosen for a low aspect ratio wing of specified external shape, and that an
initial study is to be based on an 1dealised structure consisting of a stressed
skin and a system of ribs and spars normal to a datum plane. If suitable
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standard routines were aveilable a computer progremme could be assembled to
gencrate "fully-stressed" designs for any configuration of this class and to
estimate the carresponding structural weight, as illustrated in Fig.1. The
designer would specify as data the planform of the proposed structural
configuration and the positions of any majar cut-outs; minar cut-outs such as
lightening holes would, of course, be treated empirically at this stage. The
first routine in this programme would calculate the geametry of the idealisa-
tion from the structural plenform and fran the external geametry of the wing,
which would be specified in digital foarm. A standard structural analysis
routine would be employed to gercrate a "fully-stressed" design starting from
an arbitrary design which might, for example, be bascd on the minimm
permissible gauge thicknesses of the sheet members. The weight of each
tentative design would be analysed with a routine which makes use of statistical
information on the weight of connections in the proposed form of construction,
and an output routine would be employed which presents the results in a
convenient form for rapid asscssment. For example, an output tare might be
produccd which would give the necessary instructions for a draughting machine
to make a drawing showing the relative sizes of all the mombers. The designer
would use hils experience to decide whether the "fully-stressed" design obtained
by the computer utilises the configuration efficiently. If necessary he might
use the same camputer routines again to investigate the configuration further
by modifying the member sizes progressively on the basis of his past experience,
or by repeating the iterative design process fran a dafferent initisl design
to sce 1f he can obtain a more cfficient "fully-stressed" designe The output
of the structural design programme might also be employed as data for simple
aercelastic investigations based on a gimilar set of routines. Such investiga-
tions might lead to modifications in the design which would lead to further

applications of structural analysis and weight estimation routines.

The speed and frequency wath which the designer can get results back from
the computer determines “he effectiveness of this procedure, so the relevant
programmes should be run if possible ag soon as they are received by the
computer operator; such priority treatment should be possible with modern
canputers that have time-sharang facilities, provided that the individual
routines are written in a form which is both compact and rapid in execution.
Unnecessary elaboration should therefare be avoided in the analytical routines.
For example, sophisticated structural analysis programmes, which have been
mrepared for the detailed analysis of aircraft structures, arc likely to be %too
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cumberscme 0 be used as routines in this context, where the accuracy of the
available information on structural weight only numally justifies a relatively
crude idcalisation.

Each application of this design procedure would namolly reguire a
different programme built around the basic routines. Mareover, the reguire-
ments of the designer would often change as the design study progreséed, 80
these programmes would frequently require modif'ication. It 1s therefore
desireble that the designer should be able to write and I:evise these programmes
himself. A simple computer language is therefore needed »hich would enable him
to camunicate his requarements directly to the computer an the same kind of

terminology that he might employ to bricf a programmer.

No aircraf't design team yet posscsses a system of this generality for
the design of efficient siructural configurations. Several American aircraft
manufacturers have, however, developed special programmes for use in specific -
problems at this stage in the design proccas. For example, R.E. lui:.r.ller5
descrilj)es & programme which was prepared at the Boeing Company to assist in
the design of low aspect ratio wings and, in particular, the wings of the proposed
variable-geometry supcrsanic transport alrcraft. This programme analyses a
representative range of str:uctural designs when the load distribution is
influenced by clastic distortion of the wings. Strustaral analysis, weight
analysis and the calculation of nercdynamic lift are thus integrated in a
sing,].c_a- grogra.rmné. The canputations are simplificd considerably by cmploying
a common g,r:Id -p:;’ctern for both aerodynamic and structural analyses.

L FACILTITES FOR THE CIOSER INTEGRATION OF THE DIGITAL COMPUTER WITH
DESIGN PROCEDURES ”

If the £411 potentialities of the digital camputer in the aircraft design
office are to'be rcalised, a range of langueges must be developed which enebles
each member of the design staff -to cammunicate directly with the c'anputer in
the terminology of his or her particular specialisation. Such langusges should
be sufficiently versatile far users to be asble to assemble efficient programmes
far any problem thet is likely to arise in the relevant field. These languages
should, moreover, be written in an open-ended form so that sdditional
facilitics can be added whenever the need arises: Flexibility in the input
and’ output routines is also important, and it should be possible to present -
data to-the computer in a formm which reguires no péellminary computation on a
desk machine; +the ocutput should be in a convenient form for rapid interpre-

tation and, when appropriate, for use as data in a subsequent programme.
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Host aireraft firms now have standard programmes for use in large scale
structural enalyses, and experience geined in wrating these programmes should
be valuable in the development of stardard computer languages for the
specification of structural analysis problems of any size or complexity in the
simplest possible form. Compilers for these languages should incorporate a
campact intermretive routine which calls up frouw an auxiliary tape or disk store
only those analytical routines that are required in the current application, so
that the cauputer can be utilised efficiently in both large and small problems.

Two special computer languages have been evolved so far for the analysis
of elastic structures. A language knowmn as ST1'1’}*‘..S$6 (Structural Engineering
System Solver), which analyses pin=-jointed and stiff-jointed frameworks, is
one of a series of problem-orientated languages developed at the Massachusetts
Institute of Technology for use in civil engineering problems. A more general
structural analysis language known as ASK.A7 (Autamatic System of Kinematio
Annlysis) has been developed recantly by a team working under Argyris at
Stuttgart. This language enables the user to formulate in the simplest terms
the analysis of a finite element idealisation of virtually any kind of structure
ar solid body.

The development of problem—caricntated languages such as STRESS is part
of a rescarch programme at M,I.T. which is concerned with the gencral problem
of making cammnication easier between the camputer and the user. An experi-~
mental conputer facility has been developed therca in vhich a number of users
each have a console with virtually immedinte access to a central computer on
a time-shering basis. Lliultiple access devices of this kind are expensive, but
they might one day became a useful facility in the design office both for
cbtaining quickly the results of relatively small camputations and for extract-
ing Gesign information fram data stoared on magnetic tape or disk. However,
design procedures which depend on immediate access to a digital computer are
only practicable when the necessary facilities are duplicated, so that the
design office is not brought to a standstill in the event of a computer
breskdown.

9’10, vhich is also being developed at M.XL.T.,

A device known as Sketchped
enables the user to communicate geanetrical infarmation directly to a computer
by sketching on the screen of a cathode ray tube with a light pen. The
cambination of the path traced by the light pen and instructions communicated
with appropriate push-button controls specifies figures on the soreen

consisting of straight lines and ciroles. Sketchpad has becn demonstrated in
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a number of fields including the analysis of plane pin-jointed trusses. The
user sketches a truss of this kind on the scrcen =and specifies the loading;
the stresses and the deflections are then displaye‘d on the screen by the
computer. PFacilities are available to investigate immec‘fia%ely the cffect of -
varying either the geametry of %he truss or the lcading. The effect of
removing a meaber can be demonstrated, for exsmple, by pressing an appropriate
button on the consolz and pointing the light pen et the member in the sketch
of the truss. The Lockhoed Aircrafs Company in conjunction with IBM are also
experimenting with techniques of this kind. One perticular progranme they
have developed, far example, calculates the mwoperties of a beam cross-section
which is s};:etched on the scréen; the profile permitted consists of straight
lines and circular arcs and conscquently radiuscd corners on cxtruded sections
can be included. General Motcar:s‘H are experimenting with similar cathode ray
tube and light pen devices for two-way graphical communication with computers
in the design of car bodies. -Their applications are-concorned with curves .of
general profile, however, and the skctching facility .characterastic of
Skotehpad is not included in their system.

None of the present applications of Sketohpad and similar facilities arve
likely to be sufficiently useful in the sircraft destign office to merit the ”
investment of capital in the eouirment. Simpler draughting end.display devices
which present computer output in graphical form could, however, be used
profitably to accelerate the interprctation of "a wi&é ‘rango. of a:mlyt}gal .
results. Boti{ the Douglas and Boging companics eniplfny draughting machines to
plot geme}:rical information such as rib profiles-and Puselage cross~sections
onto Ivicline;c sheets for use in the drawing office; programmes have, mareover,
been developed by these companies for draughting perspective views of- three-
dimensional bodies. Such pr_c-)g;rames are of potentisl wvalue in the rapid .
interpretation of many kinds Of analytical results:

5 CONCIUS ION

-

The initial cost of developing a versatile set or svandara computer
routines for use in the design office is necessafily hlgh.' Time and money will
be saved in the long term, however, 1f the amount of special programming for
indlvidu?.]: design projects is kept to a minimum by the intelligent use of such
routincs. }&ppropria’té problem—or:.cni;atud languages could be very useful both
in speeding up.design investigations and in relieving presswre on progremming
staff at times when iherc is a heavy demand for their servises. Suitabls .

languages of this kind could also increase the range of relatively simple
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computational and data-processing applications in which the computer can be
used economically, and they could thus enable the design staff to concentrate

more on the creative aspects of their work.

The rate of devslopment of computer applications in design must, of
course, be governed by long term cost-effectiveness considerations. It has
already becn demonstrated, however, that current computer technigues can be
used effectively in accelerating design procedures at a competitive cost, and
there is every likelihood that more sophisticated developments in this field
will also prove to be commercially advantageous when experience has been gained
in their application.
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DISCUSSION

Mr. Leslie said that although he agreed with much of Dr. Pope's paper, he
parted with him in his summary of the current situation regarding Sketchpad-like
devices. Dr. Pope had said that none of the present applications 1s likely to
be sufficiently useful in the aircraft design office to merit the investment of
capital in the equipment. It is exactly this attitude that has got the British
aircraft industry where it i1s today! All the major aircraft coampanies in the
United States are already evaluating this kind of equipment by using 1t, whilst
we are still sitting back and saying that it will be a long time before we will
even consider whether we might spend some time and money to see whether we might
be able to use 1t. We will get nowhere this way. There is no doubt that
Sketchpad-like devices, if they can be proved@ cconamical, are exactly the type
of device that Dr. Pope and some of the other speakers have been locking feor in
their search far a universal camputer language for designers. You only have to
look at a technical paper in a foreign language to appreciate hor much can be
conveyed by s diagrammatic or graphical source of information. You only need
to look at a drawing to see that you do not nced to know the spoken language
of another cngineer to understard much of what he is telling you about his

dcalgn.

¥r. Leslie then went on to say that he did not think that enough serious
attenticn was being paid in this country to demand processing with a typevriter
console. It 1s not true to suggest that this is an expensive way of using a
computer. A Telex machine plus the cammunication facilitics on the camputer
are less expensive than a card punch. It should thereforebe withan our ecrnamic
reach to buy equipment to find out what the problems really are. As engineers
we lnow that youl do not understand a problem until you get to grips with it in
reality; if we atitempt to asscss these facilitics on a purely thearetical basis
we will inevitebly miss a critical point. Demand processing is well suited to
englnccering design where a large number of decisions have to be taken in series,
each dependent on the consequences of many of the preceding decisions. To do
a design in an acceptsble time, hours rather than days can be allocated to
individual decisions and to the calculations and infarmstion retrieval on which
the dccisions are bascd. Until the advent of demand processing the time scale
for digital computing has been a turn round time of a day per step - enough to
discourage dcsigners from taking all but major calculations to the camputer.
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A problem that is liable to cause trouble in the initial stages of
muitiple-access working is the shunting of information from one spociel design
analysis programme to another. A lot of effort must therefore be pul into the
systematisation of data to avoid uanecessary manuol editing of date between
subroutines.,

Mr. Leslie also mentioned that he visited the Boeing Aireraft Company
two years age where he was shown vhat they were deoing at thal time with the
seven ccmputers installed at their Seattie factories, each of which was of the
size of an IBM 7090. He understood that Beeing is just one of a number of
American aircraft companies, each of which has mare conputing vower than we
5%11l1 have in the whole of the British aireraft industry. It is against this
background that one becomes appalled at the situaticn here. The difference in
scale of the availeble computing capacity leads to tho situstion where the 727
design 1s initiated a couple of years later than the Trident and finlshes up
on the marxet at the same time. Roeing .attributed one of the two years that
they caught up purely to camputer-arded design, although they were only using
graphical output at that stage. This was the farst civii aireraft on which
they cmployed geanctric canputbing and:c:cmputer lofting, and it was also thelr
first aireraft in which the picces fiited togethor without persuasion. This
ease of acsesbly was partly a consequence of omitting the lofting and template
stages altogether in many parts of the design. Computed cross-sections of the
rarts which had *i;o mate together were fed directly to a numerically-controlled
machine tool which menufactured the parts. Camputer-aided lofting is also
very valuable in communicating design medifications quickly to the whole design

teau, so that up-to-datc information is avarlable to anyone who requires ite

In conclusion Mr. Leslic mentioned that a bibliography of camputer-aided
design had been canpiled at N.E.L. A copy would Le sent to anyone that

requasted it.

klir. Atkinson (Royal Aircraft Establishment) comnented that Mr. Leslie's

powerful plea for increasing the use made of digital computers had to be
supplemented by Mr. Hall's comment that you have to convince someonce clse who
holds the moncy bags. It seems as if our public relations on the camputer

¢

side are not as good as they should be.

Mr. Hitch (British Aircraft Corporation, Weybridge) said that he too had
visited Boeing al Seattle, but he had obtainced a rather different il.pression

of the extent to which master-dimensioning was used on the 727. He understood
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that this scheme was not used seriously in design or production, but that it
had been employed experimentally on the back end. It was, however, being

employed consistently on the 737.

Hr. Hitch slso commented that although the computer power of the Bratish
aircraft industry was far below what it should be, he could not see what the
American industry did with all the extra camputing power i1t had availsble.

Dr. Pope said that he had also visited Boeing at Seattle arnd he had gained
much the same impression as Mr. Hitch. He was scmewhat surprised to hear
Iir. Leslie's reaarks on the use of Sketchpad-type devices. Lockheed was the
only aircraft firm at which he knew of any work on graphical input devices. He
understood, moreover, that the Boeing Airplane Group could not yet foresee any
camnercially adventageous applications of graphical input devices in the

aercnautical field.

Mr. Teslie cammented that both North American Aviation and Boeing were
exper usenting with Sketchpad-like graphical input/output now. They may not
expect the inatial applications of these devices to be cconomic, but they will

be gaining orders at our expense in a few years' time because of them.

Dr. Pope replied that his remarks were concerned with two-way cammunica-
tion facilitics. Would Mr. Leslie agree that therc is a far shorter term profit
{0 be made fram graphical output devices than from two-way facilatics such as
Sketchpad®

lir. Teslie rcplied that the U.S. Aerospace firms wruld be demonstrating
the commercial value of tuwo-way graphical facilities in a year or two just as
they had demonstrated the value of graphical output over the past three years.
Prasumaizly once they had done this we would appreciate the value and try to

catch up again.

Mr. Atkinson said he did not think that anyone would disagrce with

lir. Leslic when he said that there appears to be a general unwillingness to try
things out in this country. Plenty of people are willing to try things, how-

ever, 1f samgone clse will only put up the meoney.

¥Mr. Armstrong (Atomic Weapons Rescarch Bstablishment, Aldermaston) said

that although he was not an engincer he would like to meke four points braefly.

Farstly, you should not find 1t difficult to make & cost-cffectiveness
case to the bankers because they are far ahead of you in the field of camputer

applications.
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Secondly, with regard to graphical input and output, 1t was very swpris-
ing that there had been no mention whatever of graphical input, using devices
vhich are already available. This seemed particularly surprising because these
devices are already menufactured in this country. A device of fhis kind, made
by D-mac Ltd., which 1s being used at Aldermaston would prcbably alsc be

valuable in the aircraft design field.

Thirdly, it was said carlier that you could not possibly get the amount
cf infarmation required to describe an airframe intoc a computer. What order
of magnitude 1s involved? Very large stores {of order 500 million characters)
are becoming available quite cheaply now with computers such as the ICT 1900

scries.

Pinally, we have been discussing whether we should use Profiledata, or

Short Cut or a new N.BE.L. language as a stendard enginserang design language.
t would, however, be utterly unrealistic to choose any standard language which
is not acceptable in America. The construction of software is very expensive
so 1% is importent to get everything one can free, whether the viewpoint
adopted be that of an individusl establishment or firm, or that of the British
nation as a vhole. Now, taking into account the absolute nubers of computer
programmers in the U.S.A. end the U.K., respectively, it seems highly probable
that the total effort put into developing high level languages suitable, for
example, for application to englneering design, will be grecater in the U.S.A4A.
than in the U.K. in any stipulated period of the future. It is therefore most
important for Britain to put herself in a position to reap the benefit of this
U.8. effort by ensuring that the engineering design language adepted as a
British stamdard 1s not incompatible wath that accepted as standard in the
U.S.A.

~y
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THE COMPUTER AND THE STRESS OFFICE -
TEN TEARS' DAFSRIFNCE

by

W.G. Heath
(Hewker S1ddeley Aviation, Manchester)

1 A BRIEF HISTORY OF THE CCMPUTING FACILITIES AT H.S.A. MANCHESTER

In 1950 the aeroelastic section of the Stress 0ffice realised that auto-
matic camputation could be of great assistance in the solution of their flutter
problems. A small analogue computer was designed and built by a consultant
elecironics engineer for this purpose; this was a four-degrees-of-freedom
mechine fraw which the aritical flutter speed could be read directly. It was
installed in 1952. The saccess of this simple com}%uter led other H.8.A.

companies to purchase 1dentical models.

In Jammary, 1953, the first use wes made of a digabal computer. This was
the Ferranti k.1 at Manchester University. A develomment of this computec,

the Mk.1*¥, was installed at H.S.A. kianchester in 1955.

This wes a 100 kilocycle machine, using a 16000 ward megnetic drum far
storage, together with a 256 word cathode ray tube working stare. The paper
tape input was at the rate of 100 characters per second and output at 33

characters pcr secord.

Encouraged by the success of the original analcgue computer, the Comparny

built its own six-degrees-of-freedom znelogue for aercelastic warl in 1957.

In 190k, the lik.1* computer was replaced by a Pegasus II 330 kilocycle
machine. This has a 9000 ward magnetic drum and a 56 woard nickel delay line
working starc, together with fowr nagnetio tape doccks. There are two paper
tape readers at 200 characters per second, a tape punch‘ at 60 characters per

second and two high speed punches at 300 characters per sccond.

2 INTRODUCIION OF COMPUTER TECHNIGUES INID TH® STRESS OFFICE

Then the digital camputer was Cirst installed at H.S.4. lianchester, the
Streas 0ffice was reluctant to take advantage of its capabilitics, yet today
it uscs morc camputer time than any olher department. This initial reluctance

was ascribed to Tive factors, nemely:
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(1) The difficulty of communication between stressmen and programmers,
i.e. between practising englaeers and mathematicians. This gulf
was bridged at management level, since the Chief Programmer was an
ex~stressman, but at working level language difficuities frequently

arogse.

{(2) The need for the stressman to define his problem in a precise
manner and to express the method of solution in a form sultable

for programming.
(3) A lack of understanding of the computer's full capabilities.

(%) The length of time taken in convertional computer language
Programming.

(5) The rigid nature of the programmes and the difficulty of altering
them in the light of experience gained in practice.

Looking through the original index of programmes, one finds tnat the

earliest structural ones have the following tatles:

Solution of Simultaneocus Equations
Schuerch Wing Stressing Programme
Normal ilcdes of Vibration

Flutter Determinant

Flutter Coefiicients

Walliams' Method of Structural Analysis

The stressmen thus made two attenpts to analyse large units of structure
by the methods then available (1955), but neither method proved very popular
and was soon abandoned. On the other hand, the small, but mare mathematical,
acroelastic section of the Stress Office initiated programmes which have con-

tinued to be used extensively dwring the past ten years.

During the first three yesrs after the installation of the computer the
Stress Office was responsible far only 20 programmes out of a total of 67. Of
these & were concerned with aeroclastic problems, ard a further 7 wath the

preparation of data sheets.

3 THE INTRODUCTION OF TIS

In 1958, a tremendous step forward was made which overcame most, if not
all, of the 4ifficul*izs listcd above. This was the wntroduction of an auto-
code known as the Tabular Interpretative Scheme (TIS). This scheme, used now
by all the technical departments at iianchester, was cvolved primarily for the

Stress 0ffice.
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The basis of the scheme was a careful study of the way in which a stress-
man made systematic calculations before the advent of the canmputer. The
traditional methed is to take advantage of the repetitive nature of many cal-
culations and to reduce the analysis to the f1lling of a table consisting of

rows and columns.

Steps in the calculation then consist of operations on certain columns,
the result being wratten in a further coclumn. For example, one column might
list stations along a wing, & second might contain the weights of wing sections,
and the operation of multiplying corresponding elements of these columns to-

gether would give increments of bending moment.

Quite large and camplex prcblems have been solved in this menner which
scems quite obvious and mtural - more natural indeed than the programmer's
talk of "programme loops" and "conditional transfers". The purpose of TIS
i1s therefore to represent the computer as a table divided into 50 columns and

LO rows.

The columns are numbered 00, 01, 02 +..... 49 and there are samne 45
functions similarly numbered. Bach instruction contains a function code and
three addresses, c.g. 01, 07, 08, 25, where the function code 01 specifies
the addition of the two columns 07 and 08, the result veing placed in column 25.

The various functions provide for the usual arathmetic operations, the
evaluation of tragonemetric ratios, input from ard output to punched tape, etc.
Provision 1s also made for the storage of a set of 42 single numbers, and some
of the function codes operate on these separately. A block of single numbers

may be tranaferred into a column and vaice versa.

Many programmes can be written with the facilities described above, and
as the stressman gains experience he can progress to a simple repetitive type
of progremme. For this purpose, a "Jump" instruction can be used to Jump beck
to the begimning of a programme, where the input instructions take in more
columns from tape and the whole programme is repested using another set of
initial data.

For more sophisticated programmes, there 1s a "conditional jump"
instruction which w11l test values of calculated quantities and sclect one of
alternative paths in the programme. The facility of modification is also

provided so that a repetitive loop may contain a systematic variation in the

coding.
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Success in practice is partially due to standardisstion. The initial
date and the instructions are written on standard pre-printed sheets, together
with titles arnd r;e:{‘erence nunbers. The tape editing and computer operating
staffs follow a stardard procedure, and consequently the whole process is

remerkably free from triviel snegs.

The other main reasons for success are due to the personal control which
the stressman has in weparing programmes, the speed of preparation, the ease

off altering programmes, and the stimlation to seek other applications.

The utilisation of the scheme on the lk.1% cauputer is illustrated in
Fig.1 which shows that by 1964 it was being used, on the average, more than
once per working day.

An unforseen bonus came when the cmpuéer atb Hanchester was changed,
whach meant that a1l the stardard programncs needesd re-writainge By re-writing
just onc programue - that for TIS - practically the whole of the Stress Cffice

work was transferred to the new machine within e fartinight.

& THE INTRCDUCTION OF LIS

Al‘though TIS was the {irst autocods to be uscd by personnel outside the
programming staff, an earlicr autoccde had beon developed cenitred on the
formulation of problems in matrix terms. Matrices offer a convenicent form of
calculation for a computer snd the autocode was developed from a rudimentary

processing system into a very useful latrix Intervretative Scheme (MIS).

This scheme was introduced to the Stress Office a year after TIS and is
still one of the mainsteys of Stress Office computation, especially in the
analysis of large pieces of structure, and in acroelastic calculations. Fig.2

shows its utilisation, which now excecds that of TIS.

5 WIDER UTILISATION OF THE COMPU'ER

The Stress O0ffice criginally sawv the computer as an aid to the more
rapid solution of its mroblems by existing methods. Thus the first programme
was "Solution of Simultanccus Equations® - a useful tool, but the eguations
had to be deraved by hand, put onto tape, the solutions read from the output
shect and used in some further calculation. No attempt wags made to camplete

the preccding and succceding stages within the camputer.

The earliest attempt at ithe camputer analysis of a closed ring required

ihe anput cf the shear force, benmding moment and end load in the "cut" ring;



71

the stressman caloulated these by hand. Later he realised that the computer

could caleulate these for him, and the present programme only reguires the
input of the applied loads and the ring geometry; the computer does the rest.

Later still, the stressnan begen to realise the potentialitics of the
computer for the solution of problems by new mebthods. He began to think in
terus of matrices, and the development of MIS enabled him to manipulate his
matrices without having to wait for & special progremme to be written for a

particular Jobs

6 THE ADVANTAGES AND DISADVANTAGES OF COMPUTER ANALYSIS

Speed 1s the prime advantage of the computers A .wodern machine is
capable of performing 100 000 operations per sccond and of prainting out raults

at the rate of 2700 characters per second.

Secondly, the computer removes the tedious aritlmetic from structwal

analysis, freeing the brain for morce creative work.

Thirdly, tlic computer gives the ability to use methods of analysts which

werc previously impossible.

Thesc advantages are all well known and often quoted. However they
bring certain less-publicised disadvantages in their train which must not be

overiooked. These are discussed below.

The speed of the computer is offset by the time taken in prepariang the
iniztial data 1n a form suitable for ingestion by the computer, i.e. in ynching
and checking the input tapes and possibly writing or wodifying the programme
(Pig 3). Again, no commercial undertaking can afford to usc its computer
solely [for onec type of work such as siructural amalysis, and often there may

be a queue of programmes waiting to be processed.

When tne results sre cbteined, there st1ll remains the often tedicus
Job of sifting the output to determine, for example, the design case which

produces the highest shear stress atra given point in a spar web.

Now 1t may be ergued that this kind of work - searching for maxima amongst
a mass of data - is in 2v8elf an ideal job for the camputer. This is true, but
by allowing the computer to play itoo big a part in analysis, the stressmar can
very easily losc his appreciation of the physical meaning of the problen

(Fagd).

The aircraft structure differs fram most other enginecring structures

in one important aspect - 1t is continually being developed to withstand
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ever-increasing loads. A bridge is designed to carry a given density of traffic
and to withstend a given wind velocity; one ar two casﬂes rovide all the
essentlal design parameters. Once built, the structure is not modified to
carry more traffic; once complebed, the structural analysis may be filed away

and forgotten.

A bridge may therefore wath advanta;g,e ‘be enalysed by an "all-an" canputer
programme, but the aircraft designer is nol merely concerned with the ability
of his structure to meet the original type specification. He will wish to kmow,
from time to time, what modifications will be necessary for a particular
development such es an indreased payload or a more powerful engine. Moreover,.
he will not be prepared to wait while the data is prepared for ‘thfa computer,
Processed, and printed out. He will expect a competent stressman to make
simple, but rcasonably accurate, calculations on the spot. For this purpose
the stressman must retain the "feel" of the job; he nmust know the location of
the high stresses, the design cases which ceuse them, and the sensitivity of

cach case to veriations in particular rarameters.

This is one reason why methods of analysis vhich rely entirely on the
computer can be -as much of a hindrance as a help. Another digadvantage is that
no alternative method is available in the event of a computer breakdown - an
infrequent, but nevertheless real, esventuality. Again, even results produced
by camputers are liable to errors, especially errors in programming and input
data when new techniques are being developed. When everything is left to the
computer, the atressmnan has no yardstick by which he can Jjudge the accuracy
of the results. ‘

Finaliy, the computer is essentially a tool for anslysis, not for design
(Fig.5). However ::.omple}: a siructure may be, 1t mast farst of all be designed
by elcmentary methods. The computer facilitates the use of refined methods of
analysis which define the stress distribution with great sccuracy, but the
stracture ztself will only be as good as the crude metheds by waich 1t was
designed. In the aircraft industry, where drawings are snatched off the board
and rushed via tne print roan into the warkshop, refined analyses are carried

cut: too late vo permit corresponding refinements to be made to the design.

7 CONCLUSION

Surrounded by the camplex requirements for which aireralt arc designed
todey, lifc in the Stress Cffice would be mmpossible without the aid of a

computer. It is howevur a tool, not an automatcon, and toe stressman is not a
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data~processing clerk. Although feasible, it would be anwise to feed the
computer with all-embracing programnes which would enable 1t to digest the air-

craft specification and orint out the Type Record.

Rather it should be used to taite the toil ou} of each ¢f the three stages
of znalysis; loading actions, structural data, amd stress distribution. In
this way each stage can be checked, the analysis has meaning, and structural

development 18 facilitated.

The usefulness of the computer is further enhanced if the stresswan is

able, by means of a simple autccode, to write his own programmes.
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GENERAL DISCUSSION

Opening the discussion, Mr. Hitch (British Aircraft Corporation) said thaet

1t was quite ¢lear that Mr. Heath had brought the Symposium fairly and squarely
down to earth, because the jcbs that the Stress Office has to do on a day-to~day
basis are essentially those thet Mr. Heath had described. It was very
appropriate to point out the value of the tabuiar scheme and the variocus matrix
interpretive schemes that have been employed in the last few years, as well as
the wealth of standard programmes that were only hinted at. Nevertheless, there
was an enormous contrast between the attitudes of Mr. Heath and, for example,
Professor Argyris. Mr. Hitch indicated that he would range himself with
Professor Argyris and the more avant garde contributors, but he would not accept
their thesis hook, line and sinker. He thought that 1t should be rccognised
that there are significant dangers which can arise when ithe computer is used as
2 sausage mechine. There is, for example, the question of cost-effectiveness
raised by Mr. Hall. It 1s quite clear that the'more you invest in sophisticated
computer techniques the less return you get per pound invested. Carc must be
taken, moreover, not to spend time and energy on the structural prcblem at the

expense of other problems requiring equal attention more urgently.

Mr. Hitch next turned to the structural analysis technigues now advocated
for use in conjunction with a digital computer. He had yet to sec test work
on real practical structures canpared with this theoretical work to show the

Justification for the very large experditure necessary in effort of every sort.

He felt that a stressman must lesrn to design a good structure using
essenti1ally "back of an envelope" technigues. The stressman would nevertheless
want to use the more sophisticeted technigues, and he would soon learn en order
codc such as that described by Dr. Keamel if it were available to him. It
woald, houwever, be wrong to sbandon the "back of an enveclope" approach

altogethner.

We might now ask what further design office processes could profitably
be mechaniscd. The ocutput stages of specialised programncs would certainly
repay mcchanisation. Mr. Taig mentioned that some poor devil has to look
through an enormous volume of compuler output to decide what it all means. We
should have drawang devices which would draw up the requircd grids and the
corresponding values of stresses, temperatures and deflections to give the
engineer a picture directly; it has alresady been pointcd out that the eye
appreciates grarthically displayed information at a glance but it gets very
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little from a large quantity of ten digit mmbers. Anocther area which should
be mechanised 1s the specifacation of aircraft geametry. At B.A.C. we have a
very powerful scheme nearing fruition which uses splines and conics to represent
surfaces. The output can be 1n dagital form or it-can be in the fom of
numerical-control tapes for machione tools or draughting machines. Such a
scheme does, however, raise an inspection problem. How are the inspectors to
know that the part which comes out at the end is the right part? How far back
should they check the basic data?

Except perhaps for Mr. Taig's contribution on the design of panels, the
discussion has so far been restricted to the guestion of mechanisation; design
itself has not been considered. \e have explored at Weybridge the prcblem of
choosing the optimum design for a curved beam to transmit load across the gap
of a rivet gun. Even this apparently simple problem 1s very camplicated since
the position and shape of the ncatral axis has to be canputed as well as the
bcam cross-section. It wauld be interesting te know 1f anyonc has explored
true design problems of this kind with the aid of a dizital camputer. It would
also be interesting to know whether any useful work has yet been done with the
computer on sucn probloms as the design of the best structure to transmit a

given lead to a specified wall.

¥Mr. Ieslie has told us about American work in the Tield of graphics, and
he has suggestcd that we should be doing more in this faclde Perhaps it should
e mentioned that the Canbridge University Engincering and Computing
Labaratories are getbting a device of the Sketchpad type vhich they will be
using for research in computer-aided design. Mr. Hitch said he had thought a
great deal about such devices but he did not know what he would use them for
in the aircraflt :Lndusi:ry.

On the subject of numerically-controlled machine tools Mr. Hitch said he
thought that we should accept that Profiledata 1s a good language Tor 2D ard
25D machining; if a hagher language is required we should go straight to AFT.
It may be of interest that ICT plan to have Profilcdata aveileble in FORTRAN IV

within a year.

Pinaliy ¥r. Hitch comuented tnat some speakers had given the impression
that structural analysis 1is the central problem of aireraft design, snd that
other problem areas such es acrodynamics and acroelasticity are only of
secondary impartance, 1t would, of course, be more rcalistic to give ecual

emphasls to all problem areas.
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Mr. lacnaghten mentioned that Short Brothers had used the conputerised

techniques referred to by lir. Hitch to analyse a cantilever circular
cylindrical snell, reinforced by frames and stringers, under a concentrated
load at the tip. Results of the analysis which seemed unlikely, and which
conflicted with elementary engineering theory, were subsequently confirmed by

test resulis.

Dr. Kamel commented that Mr. Heath looks upon the canputer in a
completely different way to Professor Argyris and Mr. Patton. Mr. Heath uses
the camputer as a slave to do his dirty work. Mr. Patton locks upon it as a
member of a team who he wants to talk to and get amsvers from. Sometimes he
may tell the camnputer what to do becausc he knows best; sometimes he may have
to accept what the camputer says because 1t is raight. Perhaps the ideal

approach 1is somewhere between these two cxtremes?

Professor Argyris pointed out that the structursl analysis work of his

team had been checked by tests on actual structures on mare than one occasion.
One particular example was the Transaal aircraft which 1s a joint French/German
venture. The fuselage stresses were camputed using the f'orce method he had
published two years earlier and which he now congidered to be overtaken by the
finite element developments in the matrix displacement theory. Only 400
redundancies were employed in the analysis but the calculated stresses only
differed from those obtained from strain gauge results by 5%, in spite of
tremendcus cut-ocuts. The analytical results had been pariticularly vsluable in

the vicinity of high stress concentrations.

Professor Argyris then coammented that cne's attitude to computers changes
when one gets access t¢ a larger computer. The outloock of nis own team had
been transformed when they Jumped from Pegasus to the UNIVAC 1107. It is
difficult for anyone who has not becn through this process 4o understand the
need {or sophisticated methods of analysis and corrcsponding software designed

egpecially to utilise a large computer effcctively.

Br. Taig added that the wvaliadaty of finite element mcthods of structural

anzlysis had been proved over and over zgain and he had thought that this was

now universally accepted.

Profcssor J.B.B. Owen (University of Liverpool) made the point that we
must not be dominated by computer programmes and results; we must daminate
them. If we wanit to understand the behavicur of a structurc, we must of'ten go

back to thec basac theory to appreciate what is happening ami what ought to be
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done. A knowledge of Micnell structures could, far example, be of great value
in reducing a structural optimisation problem to a tractable size in an

efficient manner.

Mr. Sadler {Hawker Siddeley Avietlon, Kiugston) camplained that each new

paper on finite element methods claims 4o do something that its predecessors
do not do, and yet little is ever said about their deficiencies. He did not
think that the general stressing prdblem had yet been solved and he was not

convinced that a large computer was all we néed to solve our stress problems.

I

Mr. isolvneux {Roval Aircraft Establishment) cammented that the design
process depends ultimately on the accuracy and adequacy of the mnformation

which cames into the desipgn office in the first place. Consequently it is
worth while considering the role of tne.cqnputer in the processes that generate
the required information. What, Lfor exemple, 1s the basis of curran_t narket
research? What part does the custamer as dastinct from the operator play in
it, and cen the computer contribute to the enalysis? Gallup and other public
opinion polls demonstrate that predictions of astounding accuracy can be made
for most human activities if the samplc is represcntative, whereas completely
misleading results are obtained if 2 poor sample is chosen. Are the samples
employed in this field constrained %o be {oo mnall to be stailistically

significant?

Material selection is another real problem to the designer. The quantity
of available material properties is always increasing and new alloys are
continually being developed. The designer is not inclined to be venturesome
bececausc he does not have infarmation on new materials readily to hand. If
this information could be coded and stored in a convenient form in a large
computer, the designer would be able to extract quickly the data he requires
and the data i1tself could be updated without diff'iculty.

Inspection s a further area where the computer has a part to play.
Inspection is an integral part,not only of the cons‘truction of an sircraft but
also of its maintemance and repair throughout 1ts life, lost inspection
techniques consist of an examination of a componcent to find out its condition
ot & given time without refcrence to its previous histary. There are, however,
occasions vhen the rate of change of sane property is more revealing then its
current value. For example, the rate of propagetion of an already detected
crack may be more critical tnan 1is actual length. In this perticular case the

histary travels with the camponent, perhaps simply as a sequence of dated
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pencil marks, but in the general case a more comirehensive record may be
required which might conveniently be kept in an auxiliary store of a digital
cemputer. However, many featwes lcoked for by a skilled inspector may be
difficult to categorise inzi. quentitative way, so mare precise techniques may
be required o specify inspection procedures in digital form. For example, a
single X-ray photograph of a camnponent may show little that can be attributed
positively to corrosion damage. Comparison with photographs taken uder the
sane conditions at previous inspcctions may be more revealing, ard the
digitisation of a single parameter such as the average intensity might prove

valuable for comparison purposes.

Finally there is the problem of defects in service. Here the difficulty
is to record the defects 1n a form suitable for a camputer analysis, so that
rapid surveys can be made at intervals throughout the operating lif'e to detect
statistically significant defects as early as possible, and to initiate
corrcctive measures. All too often defects have been well documented in a form
which mekes statistical analysis impracticable; there is an obvious potential

for computcr applications here.

In conclusion Mr. Molyneux camented thet most speakers secmed to have
taken frce access to a canputer for granted; many people, however, had great
difficulty in getting adequate time on a camputer suited to their needs.

Professor Argyris camnented that there would be no diffaculty in getiing
access to a canputer 1 the industry and the Royal Aircroft Establishment

Jointly purchased a very large camputer with meny remote cansolcs attached to
it. EBach user would then nave virtually immediate access; the facility could
be organised in such a way that commercizl and government sccrecy could be
mainta:'med, so that no unscrupulous organisation could tap off the results

obtained by a campotitor.

Mr. Nachclson said that he accepted that a rcally large computer is needed
for many jobs arising in aircraft design. It seemed, hovever, that no single
design office could use such a facility anything like fully. The sharing of

canputers is thercfore a real issucs
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CHAISMAI'S SUMMARY

Mr. Nicholson, in his summary, said that the Symposium began by consider-

ing some very advanced concepts, philusophies and generalities. The examples
that had been discussed had, however, been reletively simple in concept if
rather large in size. His worry was not that the U.XK, is failing to think
advanced thoughts about computer philesophy, but ratier that it is failing to
do the straightforward things quickly enocugh either through lack of money or
through lack of seriousness of purpose. The money invclved is not enormous
compared to the amounts spent in the sircraft industry,: so it may be that
people are not making themselves felt properly if they are not getting the
money they need. Perhaps, on the other hand, the differences in wage rates
and related costs between the U.K. and U.S.4. are great enough for it to
becane economic to apply certein sdvanced techniques later in this country.
lle dad not believe this argument, but it was a possibility which had to be
considered. The conflicting views which have been expressed often nerely
indicate the difference between what is practiceble now and what will one day
be practicable. We are not, however, dealing with a static situation. Thse
things that the aircraft designer is trying to do are changing all the ti_me‘
and so are the facilities that the computer engineer has to offer. This.
censtantly changing situation makes the linking of the aircreft design and
digital computer fields daffaicult, but it would be a grqa‘é pity if it bsto;:ped
them linking altogether. ’

Some of the ideas that have Leen dispussed wall prove to be impracticable
in the end, but we will only find out vhich ones are impracticesble by trying
them out for ourselves. This point requires particular emphasis because we

have not always been as quick trying things out as we should have been.

Everybody sgrees that "back of an envelope" sums will continue %o be
vaiuable. There does not appear to be any real reason, however, why the
competent structural engineer should not retain his feel for the job when he

makes Tull use of the potentialities of the digital computer.

This Symposium will have served a useful purpose if it has stimulated a
dialogue between the aircraft designer and the camputer enginecr which will
continue elsewherc, and whach will help the aircraft designer to usc the
computer more effectively as a tool and as a colleague. Ve must not sit back
and do nothing; we must all get to grips with the new aspects that are cropp-

ing up all the time.
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