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data has been gaining importance over the last several years.
is perhaps accurate to state that research in this area has been
as active as research in the numerical method field.
text one has to distinguish between several functions associated
with what one may call "auxiliary finite element software".
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discretization (mesh generation), model display and verification,
model editing, node and element renumbering as well as load and
boundary condition definition. Operations such as load and mass
discretizaticn are best considered as part of the analysis. Post
processing may be concerned with result interpretation. Computer
graphics and interactive processing play a central role in the
activities.’Q\

Many commercial organizations are developing and marketing
packages aimed at finite element manipulation. Some of these aim
at enhancing a specific analysis program. Others are aimed at a
specific hardware product, but address popular finite element pro
grams. The third group of programs are both hardware and analysis
program independent. There are obvious advantages and disadvant-
ages to each alternative.

Apart from the development of user-oriented pre- and post-
processor software, research efforts have been directed at some
fundamental points associated with mesh generation and software
enigneering. Among the subjects addressed are algorithms for
geometry definition, discretization of irregular shapes, and a
new and promising subject, grid optimization. The contribution
will address the subjects of geometry definition, mesh gener-
ation algorithms available as part of postprocessing software,
postprocessing and digitizing techniques, mesh optimization, and
the design of relevant software. No claim to completeness is
being made.
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SURVEY QF PRE- AND POSTPRCCESSING STRUCTURAL ANALYSIS SCFTWARE

g.A.Kamel, Professor, Aerospace and Mechanical Engineering
Dept., University of Arizona, Tucson.

Presented at ths Sympoosium an Mathematical Modeling in
Structurz2l Engineering at YASA Langlay Rasearch Cantar
on October 24-26, 1979.

INTRODUCTION

The subject of pre- and postprocessiag of finite element daca Aaas
been gaining importance over the last saveral vyears. It is perhaps
accurats %o state that research in this arza has Dbdeeg a3 activa as
research in the numerical metiaod field. In this context one has to
distinguish between savaral functions associated wita what ons aay
call "auxiliary Zinita element sof-ware". Pre-processors gserform such
functions as geometry dafinition, gacometry discretizaticn (mesi
generation), model display and verification, mecdel eaditing, nrode and
element cenumbering as well as load and boundary condition dafinition.
Operations suca as load and mass discratization ars hest considared as
part of the analysis. Postprocessing may D2e c¢oncerned with " resule
interpratation. Computer grapnics and interactive processing play a
central rols in the acktivitias.

Many commercial organizations ars devaloping and markecing 2ackages
aimed at finite alament manipulation. Some of :hese aim at'enhancing a
specific analysis program. Cthars are aimed at a specific hardware
product, but addrass popular finite 2lament programs. The third group
of Programs ars Joth nardwarz and 2nalysis pcogram  indapendent. Thsrs
are obvious advantages and disadvancages 5o 22ch altarnative..

Apart Zrom the development of user-orientad pre- and DOSLDroCessor
software, research 2£forts have bneen directed a: some fundamental
points associatad with mesa generation and scoftware enginsering. Among
the subjects addressed are algoritams Sfor gecmescry dafinision,
discratization of irregular shaces, and 2 new and promising sudject,
grid optimizacion. Tais <contcibution will address =ae subjscts of
geometry <definition, mesn ganeration algoriinms availapla as par: of
gostprocessing sofswara, gostprocassing and digisizing zechnigues,




mesh optimization, and the d2sign of relevant softwar2, No claim =0
completeness is being made. ‘

In going beyond analysis to the associatad aytomatic model
generation and resul: presentation, the process changas £rom that of
"computar analysis" to "computer-aided analysis". An 1increase in the
computer costs over what 1s necessary £or the analysis itself is to be
expected, but tile rasulting savings in laktor, and the fastar responsae,
usually more than compensate for tiae additional axpense.

The procass of model gensaration is Yy no means divorced from that
of computer aidad design and computar aided manufacturing. It has long
been rescognized that an intsgratioan of design and analysis functions
would reprasent an ideal working eavironment. Although this is
indisputable ia principla, its practical implementation is not
straightforward by any means, and attempts to construct a formal 1link
between a design data base and analysis programs for complex objects
have been typically costly and laborious. It s in the nature of
complex systems :that an incraase in siza brings with it a decr=zase in
reliability and £lexibility. We may still see some suyccess ia  such
integration attampts, Sut an acceptabls solution will only be opossibla

aftar significant advances arsa made in computer softwara dssign
technology, and more 2ffective use is made of current hacdware.

.

Geometry dafinition

The process of model definition, in preparation £for a finite
element apnalysis, comprises saveral distinct stages. First a
nathematical definition of the geometry is accomplished, and then the
discretization process may 2e carcisd out. In creating the geometrical
model, mathematical methods <£for the representation of curves and
surfaces in thrse dimensions, typical of those amploved ia computser
aided design may 9De employed. Some of the methods used in <he
description of surfaces for analysis purposas ira sasad on amathematics
used in finice elament computations. A typical example is 20 De Zound
in isoparametric elament formulacion. Such mechods ar2 usually naot as
sophisticated as those used in sur face design, producing
discontinuitiss in slopes and curvatures a: patch boundariss. They are
nonthaless popular due o the familiarzity of the analysts wizh thair
formulation, zhe associated 2as2 of implamentation, as well as their
ability to describe discontinuous gacmetry. Although thesa methods ara
generally adegquate, it nas bean found in certain applications, such as
the analysis of arbitrary snells, chat the rasults may De ax:iremely
sensitive %So curvatures, thus =2ncouraging =ha use of the nora
sophisticated formulations £or thess 3urzoses.
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Curves in three dimensional space may .se defined in garametri
form{Ll]. For curves of greatsr <omplaxity, a3 gisce-wise concinuous
parametric rapresancation is neca2ssary. Of the many possibilities Zor
parametric raprasantation, zhe Bezisr{2] curves may D2e mentioned. The
Bazier method of surface reprasentation, originally daveloped for the
French automobile industry, derives the parametric shape of a
particular curve from a so-called control polygon, connecting a+l
vertices. The resulzing parametrzric curve of ordar a gasses tharougn the
two 2nd 2oiants, and is tang=sntial to the =3zolvgon's Zirst andé last
sides. The shape of the control zolygon influences zhe shage of <th2
curve. The control exertad by the polygon is glokal i1n the sense that

change of the position of one of the points will produce a change of
the snape of the curve overall. If ralacively £2w points are used in
the polygon, the control of the shape of the curve is good. A 8ezier
curve is a suriace oobtained Dby forming the product of two 3azisr
curvas.

The use of 3eziesr method presants some problems in  the cgontraol of
the shape of the curves anéd surfaces, in addizion to oroblﬁms of

geometric continuity. Anockher approach which avoids thase aocecomings
is that based on spline functions. Such Zunctions iavolve the fizting
of a pizcawisa gcontinuous «curve througn 2 aumb2r of points, 2and

provides foc contianuidy of jeometric derivatives at sagmeat Dbdoundaci=zs
Larough consecrains condikicas. It na3s local conerol, 59 that the
effact of moving a2 point on the shava of t2e curva apolias only o  taz2
iamediate neighbourhood of :the point. It is possibla mo form closad or
Qpen curves, as ia tl2 case 9f the 3eziac metiod, as well as introduce
cornars. Cudic splines ar2 tha ones most oftan used.

Ther2 exists 2 numbec O0f works wihich addr:zss :zihe gQuestion of <curve
and surfacz description, and r2f.(1l] could be gonsu t2d for adéition
decail. Ffor exampls, Rawat[3], describes tha usz of obivariate splinzs
in the lJafinition of ship huall gaomacry.  Teailheimer and  Mcka2(d]
survey th2 us2 of soline functicns in <the descr:ption 0f snip Hhull
surfaces. Among the tooics coverad ars the construccion £ complax
curves Zrom control polygons, the computation of surfacs intersactions
and the soluzion of the niddean line problam associated with such
sur faces,

Gordon(3] develcps a blanded spline appreoach o dafine csomplax
surfacaes using saramecric Soundacy surves. An axampla of th2 use of
cudic splines 2s a D9asis for a mathemacisal sucface definitzion,
£ollowad 2y a £finite <2lament analysis, is givan B2y Lig(8]. Ha
describes an approach by which the smoochness 29I the surface genaraczad
foc arbitrary curvad shell analysis may 22 ootiaized using th2 unkaown
twist vacetors at the saksh cocnars is 29at ol‘;1q sacamacacs.
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Mash generatiocn 2lgocithms.

o

Many papars axist, whizh d2al with masa j2neratioa  algocithms, se=
for axampla (7,8,%,13]. an 2arly survey of mesh genaration algoritams
is found in (31]. Ia this saction we deal orimarily with mechods Zor
the automatic subdivision of complex geometrical configurations, and
the associated computation of taz ogosition of intermediate grid
coings. The simplest and most widely solved problam 1s th2 Iwo
dimensional one, in which 2 complax shage, o¢ an iatecconnacted set of
arbitracry shapes, 1s subdivided into t&triangular oc gGuadrilateral

subdomains. Next ia degrae of difficulzy is thz groblam of Jefiaition
and discrestization of the3e Jdimensional surfz2c2s, 4hich a2y o=
intaerczonnzcted. The additional oproblems arise from the nesd ]

detarmine a method for tiae definition of the location  of the surface
in space, as well as the fact that several surfaces may liatarsect
along the same <curve. AL such intarsactions sur face sarameter
continuity may de caquired, althouga not necessarily. Finally w2 have
the casa of tar2e dimensional solid continua, wharz 2 voluma, 2ound v

‘-
such sucfacas, mav L2  3sudbdividad iats 2 aumbar of tetgranzdcon o¢
Deick-typae 2laama2ans.

It has b22n meationzd Defoca thae podal cra2ation ilavolvas 2Soth
mathamatical dafianition in contiauous form, and subsacuent
discracizacion into finice 2l2mants (sunspacas). Th2 rocadur2 Dy
which tais a2y de accomplished is aot unigqus, and may take 32varal
forms, as i3 avidsnt from figura(l]. It is possibiz, £or examplia2 Lo
generat: coatinuous focms £oc bothr cucves and surfacas, 2nd  then
discratiza sSoth independently. 3incz2 ths: curvas &orm  th2  sucface
soundarias, cCAr=2 must g2 zak2n - -thaat o ils ratizarnion 13 compatibla,
Altaraacaly, one mnay procz2ed from 3  coatinuous curve lir=ctly to A
discrace curva format, 2nd use this infocmation to forcm tha disceaie
3uciaca £a3zm Witaoutb 1=c°=s.rily sroviding 2 contx1 0us suc £acn
Juefianitica. It i3 also gossinle to defin2 curve in digceeta foca
Jir2cely, say oy diginizing poinec by ooiat, and than wcoceged wo
jenerata Jdisccrate focms for doth surfacas and solids.

Anotiec aponroach 2wolves from 3iscagaciiag the natural 3Zaometrical
Gilacaccay, and gcocz=diag dira2ctly o =h: laflaition cof zne surfacas
ia contiauous form. Jnce the surfacas xva LD22n laliaed, na2ics
iat2csaceion iLs comgpucad, thus da2finiag their boundary cucvas, as  w=2ll
1s zhe form of tne s0lids counded oy tham. ALl  the avbova  Ap9rdaches
aave tiig2ir advanzages and dLSﬁduanFages. A Sruzly ga2necil 2urposa
aodel j2n2calion program should allow all possidle pazas, 30 tha:z the
user may choosa wnichever approach may Sest suit his particular

pcoblem.
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Turnaing o a=zsh g2n2ration z2ljocithas, 2 nethod for subdividing =2
two dimensional arza, dcund by an arbizrary golygon, into triangular

finite 2lements is given by 3ykatc(ll]. The method subdivides the area
first into a2 number of convex subregions. This s followed by an
automatic “"pre-conditioning” of ths boundarias, oy introducing

additionzal boundary points to =2leminata sudden <changes in grid
spacing. Automatic Ptoundary rzfinement s applied ac re—-entrant
corners. Finally all convex regions ars tria gu1=t-a, oroducing well
shaped =lsments. A two dimensional mesh ganeratorc wizh many
interesting fsaturas is described Sy GabrL son{l3!. It is ©Ddased on
the definition of multi-connectad Zour sid regisas (L, grids}), in
winich intermediate points arz computed oy linear intercolation. It
accepts input alphanumerically via the terminal, in the form of data
cards, digitizer output or diractly from 2 larger gsometric dJdata base
intended for computer aided manufacturing. The genarated meshes can GSe
used for either heat transfer ocr stress analysis.

i
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Gordon and #all(l2] address the problam of domain mapgings in the
context of finite element analysis and present 2 heuristic method.
Nielson and Wixom({1l3] discuss diffarant techniques for suriace
definition from boundary curves. Zxtensions to <t=he methed of Gordon
are presented. A nesh gsneratcor based on 8-spline curve
tepresentation(l4] usaes a command languagz: for tha ganaration of
points, lines, circles, and various other curvas and surizce types. It
nas the ability to calculates suriace intersections.

An early example of mesh ganerators £or solid analysis is dascribed
in [19]. There, the finite elament isoparametric formulation 1is used
as a basis for surface rapresantation and discratization as well zs
volume discretcizazion. Cook (29,21] develods and uses the concept of
"natural coordinates" to generatas surface and volume grids. Anotiher
effort based on tn2 same concept is presanted by Aral(22]. A procsss
for checking solid models by means of computing and displaying tae
intersactions ¢ the 2l2ments of-the nodel with 2 series of planes is
described in {23). :

Some authors present attampts at developing a2 languages to DSe usad
as a means for input description. For example, the SAIL languag=z{24},
developed by 30eing is a FORTRAN-liks structural input languaga, whi:
generatess ingut data for many £finite =2lesment pragrams, parcicularly

NASTRAN and 3AMES. Silvesctar{23] descridbes she MAG_NET 1anguage wnich
is a rool for the descrxpcxon of £finite elament models it allows
geometrical and togological changas, unions of saparacze models 1s well
as addition ané ramoval of medesl constituents. Input may Se  through
keydocard or g¢graphics cursor. It is designed particularly oz
repeticive strucsures.

In most programs 2 dandwidth or wavafront optimizar is necessary o
reduce subsaquent solution times, and somecimes o avoid axceading
program limitations. A meznod for ra2numbering =2alaments 1n ordar  =9;
acniave improved stocage in preparation for a {frontal solution, and
other metiods naof raguiring a stiffness assembly, is givan oy
3ykats{25]. 1z rapressncs 2 modxf;:ation of tha Cuthill-McXae
algorizam({27], and raguiras a asonabla choice of tne firstc slament.




Gray 2t 31.(28] dascribe zwo methods £
nodes £or watar network analysis. Tha met

or automatic :enumbe:iug
nod can be 2xtendad to find
2lement occqrams. It is aimed ac :19 minimization of a=acrix fi
during the solution procsss.
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Other special efforts deserva attantion. An exampl2 is an algorithm

Dy Preiss(29], which checks tcsological consistancy of plate and soliid

models. It is part of an in-house NCNSAP preprocessor. In Dproblems

wneres model gacmezry changes dua o <hemical rasactions or dhysical
Phase changas, suca as modslis with abe‘a 'ng Zoundarias
; ax

iss, z
of automatic model ganeration Ls furche complic _ed. Weaks and
Cost(3d] propose an algoritam for cracx;nq suca Ddoundarias, in
c¢onjunction with an automatic mesa ganerazor anéd a £finite element
program for the calculation of transient suefﬁal or stress analysis of
such sructures.

Model g2neration programs may bSe written ourpaosa

M M
w
)
[
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packages or as special purpose pragrams. A general purpose  amesh
ga2nerator is more varsatile, being able o handla a wide variety of
problams, and ra2spond well ko dew and unforseen situations. On  the
other hand, it will, by necessity, be mores complaex and will reguirs a
certain amount of traLnLng sa2icr2 it can b2 used 2££2ctivaly. A rtruely
g2neral purpose program should impose a0 rastrictions on problem size,
Qr tyme. II —regquired to run intsractively, it will typically be
rastrictad co a2 small amount of corz2. This combination of cagQuirsments
may ct2sult in 2xtensive disk usaga and computer overhead to pgerform
the necessary I/0 operaticns. The other altarnativa is that of a
special purpose mesh generator, subject o certain rastrictions
ragardéi ng oroblam type and perhaps size. Thi option 1s particularly
attractiva in situations wWhers a gc=2rtain type of structure is
:epeacedly analyzad with diffarent gszomektric parametars. In such 2
case it 1s oltan possible to produce an optimized grid Dopased on the
overall charactaristics of =22 szruczure in minéd, and thereby ralisve
the user of datailad dsecisions and input detail. It is often =gossidle,
and inde2ed most desiresable, to usa an approach combining the two
s0ssibilitias to hest =dvan~_ge in zhis case 2 truely general surcose
mesn g2nerator is couvlad witn savera special “"pre-praprocessors”,
wnosa functions would be to provide appropriaze instruczions for the
genearacion of scecilic scructural modals of known configuration using
ne janeral purgose janerator and 2 Aalinimum of inpus.

An exceallenc example of a special purtose =mesh gJeneration 2regranm
is that daveloged ov Leick and Potvin{l5]. A ssecial purtose analvs:is
2rogram «4s wrisztaan o aandla tubular joints suehr as T,¥Y,8 and TX
joints, pravalanz in offsaora zubular szructuras. The 2associatad aqesh
ge2necracor precducas a f£ine grid near strass concentration 2areas and a2

' 3cl charactaristics are defined in

hourse one away Srom :nem. Tha

arms of a faw Farana’
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Available Mesh Generaticn 30

warsa

In general mesh generators may de devalopad for specific hardware,
or may be intsaded %o be hardwars independent. Hardwars dJdependent
packages ars usually associatad witih turakey systems, including for
axample ca2fresh type graphics. In the same manner, gra- and
Dostprocassors may be tailorad 0 a speciiic analvysis program, or may
De intended Zor use By a naumber of diffsr2nc Drograms. Thers  ara
advantagas and disadvantagas to systam depandant  packagas and  systen
indegendent ones. Whether :the package 15 dependan: on hardwars o¢C
analysis program or both, it is wusually well maintained by ne
originators. Should the hardwarz or analysis e

A
[

agram change, th
ted. Furthermor
-

o
auxiliary software is aucomatically changed and <tas ’
the pre- and postprocessar programs would catac well Lo e
ideosynchronaciss of the analysis pregram, and would utilize special
hardwaca fsaturas most effeciively. Cn the other hand, the user's
degendencz on a singla source hampers ais freaedom of ac:iion. Should e
particular ctype of nacdwarz Se dropped by tihe manufacturer, oC proves

W th D v N s g

to be ineffsctive, the reguirad changs over &t¢ another sSystem  is
usually costly ia both lost zroducticn time and mangowar. Furthermors,
if the auxiliary sofiware is analysis program devendant, and the user
nas saveral in~house srograms, the personnel training problems ma

Secome sx2ssive. [n che case of general purzose auxiliary softwars

the training may be mors demanding, but need only se done oance for al

programs. A maximum flexibility of action is gquarantsed. Cn the Qi

nand, it is mora time consuming %o maiatain a hardware and analysi

program iadependant program. Any change ia aardwara2 Oc analysi

grogram characteciszics nas to de car2fully studied 235 to  its 2€ffac

on th2 pra- and Qosiproc2ssoc  sofiwara. The group pa2riofming  ta

@aintainance has -0 nave contlaucus  zccess  to all naclwar: 2n

sof=war2 in guastioa. This is only possible <fo: axtramely larg

srganizazisas. It may 2130 bDe accomplisnad  thcouga 2 well organizza

gsers gcoup. A survay of availabples pra- and postprocessdoc sofwwara i

given by VNagolitano =2z 21.(32]

Turning ©o specific sofewar2 r2poctad in  kae literature, it is
gerhaps agproodciace =3 start DY lentioalag  thos2  packagaes  suggoriing
copular 2nalvsis sofzwara. W2 3tact 2y  sucraviang  auxilizey softwars:
sgecifically aimed a2t zarticular 2nalysis preogram. Following  taat, we
saall considar analvsis program iadependant soitwara.

Qf all commercial programs, per2ads the one macst used in practice
i3 NASTRAN. An 2arly survey of NASTRAN pra- 2and 20sS:idroCessdrs  is
givan in z2£[17].The pager Lists 3 number of medal generation and
sandwidza node r2sequencing 2rograms availabla through various
organizacisas.

As menczisned =sarliar, 1t 15 imporszant 22 Prasecva a2 n245n
jen2c32i0a j2omenzy aad logic for latar usz ia th2 iaput of 1loads  and
soundary zoadizions., A picn2ecing 2fZocn o that 2flact was  conductad
9y C20%{l3], who usad spline r2porasanzacion of curvaes and suriazcas Ior
j20mescy 32finizion. Thae rasulzing 2¢22¢29C2830¢ was  latandad o7 kha

hd
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NASTRAN zrogram. A g2nerzl purpose  pos:iprocessor  Zor  NASTRAN, which
ogerates in both the bactch 2né time- sha:;ng 2nviroaments is 3described
in r2£.(33]. A modelling systam designed Zor NASTRAN i3 descrided in
{34]. Iz is hased on a hierarchial tepresen:a:ion of g2moetry, here
callad "construccion-in-coatext”, and nas paramesric raprasanzation of
curves,surfaces and volumes. ICFES[33] is an inzaractcive NASTRAN Dpre-
and postprocessing syssem, operational on I3M-35649 and PopP-11
computars. It is modular and uses storags tube cgrashics as well as
mechanical plottars. It includes hoth two =nd thArze dimensicnal shell
mesi genec2:tors and mcodel a2dizors. Amon gs- 2sn g=2neracticn opTisas  ars
Laplacian, linear incarpolation tetwasen ~05L:e sides ({ners called
direct ray), Coo oas blandiag and isog mecric magpping. It nhas

contouring capabilitiss

Several auxiliary softwaras packagas have been dasigned wiznh the
povular SAP program in miand. QOne of the praprocsssors is due to
Xaldjian(38]. It is interactive, efficiant HDut has somewnat limited
capabiliziss. FEPSAP(37] is an optimizad versiocn of the SA? program
for CoC computers. It has specializad two dimensional and solid

prapgrocessocs. Thase preprocessors may 21so D2 ussed =0 g=2narate  loads
and boundary conditions. Germanischer Llovd(33] <reated a2 system of
Pregrams Juilt around the SAP-IV Dorogram. Among zhe availabls orograms
1s an automatic mesa ganerator called GLGEN.

Two qcihar programs, partigularly sogular in Fflurope ara SESAM=-59({39]
and ASXA(49]). Haugerud{4l] <dsscribes a solids praprocesscor written for
SESAM-69. It 1s pasadé on the crzation 9f a topological arrangsmea: of
three dimensional grids, which ¢an then ©2e distortzad to £it zhe
gilysical geomecr of the objsct being 2nalyzad. Automatic noda
aumper ing, <a2finition of ohysical opropartias and specifiications of
loads ar= gossibla. A further cevalopment of :he STSAM-69 program is a
modular systam(42], wnich Lncludes a £fini:ta 2lament ora- and
postprocassor unility package, DASA({43]. DASA has  aperoximatsly 33473
statements and 294 subroucinss. It raguirad 4 to 3 man v=2ars =
develop. It allows the user Lo implement sgecizl 2and g2neral 3Jurvoss
data gansrazors, using izs subroutines as duilding blocks. It is Dpased
an the Toncapt £ the ‘"mesn", whicn is defined by a system of
orthogonal surfaces, which may assume prismatic, <cylindarical or
spherical shapes. The gzneratad mnedal may e modifiad lazer =2
'nt.oduc= lccal dezail, The system also allows <Ssr automartics sa
tefinemenz, as well as load and coundary condizicn geaneration.

Uerkvizz(44] and Griager (43,45] dascribe a geomeizrically
Nierarchial mesh ganerazion grogram, callad INGA, aimed at the finiw=a
elemenc program ASXA. It uses finite  2lsment inzarpolation functions
as a dasis Ior i:s mesdh ganeratcr, and s i{ataractiva in aatur2, using
3rimarily a r2firasn graphics szané-alsne systam.

WOV119 9n T2 2rogram  indegendsent auxiliary soltwars, 2n =2arly
axampls is given by za2 work of 3ousgues and Yaces({73]. The previawiag
and modal aditing software was intended as an  2aralysis 3sragran
independant sackaga, and operatad on storaga tube  terminals, zhus
solating the way =0 maay subsaguan: davalocmenss. A aumber o
commercially avallabla packagas 2xisz, as well 2s othners in zhe publis




domain. The UNISTRUCI47] sackags uses tia2 s0 zallad "drag ametned"™ in
order o davelop thrse dimensional ncde and =21lament arrangsmencs <zom
two dimensional ons2s, and two dimensional on2s from one dimensional
strings. The FASTDRAW program(43] has seen devaloped )'s
McDonnall-Douglas and servas 2s a graprocassor for STRODL, NASTRAN and
ANSYS. Taktronix has davaloved 2 sofitware packags for i%s linsz of
graphics nardware davicas, called F2M. It is designed f£or a stand
alone intelligent davice such as the Takironix FEM-181 systam. t has
axtansive intaractive 2ditting capabilitiss, and 2 new mesh generatic
zodula nas been z2ancuaced.

Several packagas of Pra- and poostprocessing softwarz nava baan
developed in a University enviroament as a Ddyproduct of rasearch
efforts, or ocut of necessity to Zacilizats access Lo available finite
alement softwars. The GIFTS systam({3d] is one exampls. It has ¢two and
three dlmenSLonal model, load and Gtoundary condition generation
capabilities. It is designed to run ia ainimum core space. It's
gostprocessor tandlas all but solid models at prasent. It 1s supgocted
Dy a users group, and 1s distributad out of the University ¢Z Arizona.
Interfaces =2xist with =he SAP~IV and ANSV” orograms, and othars are
under devalopment. Apart from pre- a2nd posstsracessing medulas, GIFTS
is also cagaol= of static a2nd dvnamic analvsis on bSoth 2 numbBer of
mainframes and miniccmputars. A finita 2lament 2r2crocessor,
FPEMGEN([31,58], has been undzr davalooment az =the Universisy of Liend in
Sweden. sinc=2 1974, It is intended =0 suzpport analysis gprograms such  2s
ASKA, NASTRAN, STRUDL, SAP-IV and ADINA. FEMGRAN usas torags tupae
terminals, drum o2lotters and 1line o2rintsrs. Straigaz linss and
circular arcs may ne d2fined in terms of g20metric goints, or as th2
intersections of standard mathemazical surfaces, such as ©planes,
cylinders znd cones. The program runs in 23X words on a2 UNIVAC-1133,
and has besn converszad o CITC, IBM ané P0P-ll computsars.

Many other =e2fforts are underway. Tor example, the SUPERNET
program(32] is being davaloped in the Gernman Faderal Ragublic bv  3raun
Boveri (3BC). The program supporss line, surfacs and solid elements,
and follows a gsometric nhisrarchy. Interfaces are Dbeing writzan for
analysis programs such as ASZA, NASTRAN, MARC, TCPAS and ANSYS.
SUPERNET may be —un in batcn, 9r ia an intsracsiva med2. In the lazter
case 3 Computar sion CAD systam is usad. A pre- and 20ScCPracasso:r
packaga callad :LMALE[J31 is intandad as 2 g=2neral 2JurzTose gsackaga.
Jowevar it seems that its mesh gan=2racion cagabilities ars2 s:till a:t  an
2arly staga. From tie currant dascription it apoears to S22 mora i a2
model gre-viawer rathsr than a preproce2ssor. A intaractiva  thrae

. dimensional shell mesih g2naraczoc is descrised in ref(34]. It uses
tefresh scope graphics, light p2en and kayboard. Inizial ingux,
defining the outlines of surface zaczaes is introduced wvia zarsds. Tha
usar may @iew tie outlines and gerform carzain operations. Aftsrwarids,
the mesn Z2n27a:0r may Se invokad, and rasulzs displayad 2nd adicsad.
A dandwidth optimizer 1s includad, and su=put Ray e in the foem 373
punched cards, permanent Iilas or magnecic tape ouzput. CJrawford(33)




is in the process of devaloging a2 pra- and DOSTDCOC2SSOT package,
wnich uses a geomertrical hiecarchy.

Some 9orograms 2ave an intagratad ora- and Dostprocassing
capability, which may often e importanc ia soecxa‘ pursosa codes, in
woilch the processes of model g2naration ‘and of compu:ation arse
interweavad. An inzerresting example is th2 TOTAL program recorted oV
3eaubien(37]. It is 2 two dimensional analysis 0foq:am dasigned o
simulacz che failure mechanisms in lay=:=d Qrthotzrosic composizes. It
nas a cuils ia pre~- and postorccassor wnich nelds keep_ srack cf  the

grograss of cracks.

Qualitative svaluation of interactive varsus batch computations ar
hard to find in the literacturs. Measursments are bound Lo ©De systam
dependent, and oft2n rapressnc personal opinions 2and axperiencas. It
is nevertheless interssting to mention figures ex xtzractad from a
promotional publication{84]. It is claimed there that an interactive
solution costs only 45% of the cost of a similar computzation performed
in the batch mods. Cut of 138 dollars spent in a batch computation, 73
are spent on model ganeration, 13 ca computer processiag and 29 on
rasult incerpratation. In the intaractiva solution, 435 dollars are
spent on the computation, 29 of which ars spent on model generation,
15 on computar 2rocessing 2nd 1J on result interpratation. It 1S5 1ot
clear whathar these figures are typical of the program in  Juestion or
are ganarally wvalid.
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2s3ing and display tachniguss.

Although postpracassin is often dirsctly rce2lated &t¢  ta2 1esa
ganeration procass, special display tachniques ara oftan employad a2
this stags, so =hat it is appropriata Lo report On 320SIPCrOC2SSOT
systems and such ta2chaigues und2r the same aeading.

Contouriang of szrass and daflaction rasulss is a us2ful and popular
cos;bcoc=s*'1g oJceracion. Ref.(33], <£fscr example, gSives 2 FCRTRAN
program wnich admizs savaral subragions, 2ach divided inco triangular
or gquadcilatarzl finita alemeazs. The grodlam 9f <ontouring witilin
nign_ ardar alesmant btoundarias 13 aathematically iastciguing. aAn
initial 2£forc nas peen conduczad by Axkin and Grav({33), ia which they
lay out =xe fundamental calatioaships and sSeovida some aumerisal
examplas. A follow up :ape:[sa] gtilizes a pradigtsr-zorzacts: metned
20 :trace ;4:3 sontour accurataly. Similarly, Meak and 3ear{35l]
descrine 2 thod =or Sracing d2fla2ctions across digner scdac
alaments. It ia 2ased on 2 process iavolving avaraging acdal ~values,
followed 23y alamenc susdivision and local linsarizatisn. Resulszs ara
given £or :sriangular and guadrilatsral 2lamen:s.
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Mesh Optimization

Among the @most intaresc areas of
pra2processing Ls tiatc of mesa ogtimization.
devising the optimum mesn configuration for partcicular
and an agproximats number of degrae2ss of frsedom {n orzder
optimum soclution for tie 2roblam at hand. It is obvious
definition of what cons bxtu:es an optimum solution is
will oe found, for examples :hact 2 accuracy in a peax
achievad oy an optimized grid may bDe associated with
resules., It 1s also obvious that a grid may be
specific loading casa, bdut far from it for anotiher.
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Turke and McNeica(74] and Melosa and %i
superiorit of an optimizad mesh avar o
rafinement. The introduction of additional £z
allowed in (73], basad on local sclutions

1lian(7%] snow tne
2 obtainad by uniform
2edoms 2nd 2laments was
t cudy th2 eaffact of
element subdivision. Denayer(76] generalizad some algocithms givan in
(8] for the ga2neration of topologically uniform grids. The magping
process Erom a para2nt grid to the area undaer consideration 1is chosen
S0 as to achievea-certain optimal coaditions, which translata ianto a2
variational formulation lending itselZ to a finizs 2lement solution.
Carz2y(77] sresents a wmethod for salective refinsment of a2 finite
a2lement mesh near an ar=2a of intarast. Lagrangian constraints ara usad
to maintain continuity with the rest of the modal. Rasults show good
converganca in the solution of the Poisson 2gquation with a singularity
in two dimensions.

Interacetiva Softwars Design

Associatad with intesraciiva softwara, sgecial oroblams in d2sign
methodology, software reliability, portability and testing arisa. Some
of the survayed work is being diractad o tais specific area.
Requiraments for developing general purpose ora- 2and postprocassing

systams ars formulated by Tischler and 3ernier(79], and discussed by
derness and Tocher. In {83] it is claimed that 73% to 99% of the cost
of a finite =2lsment analysis 1is typically attributed to @anpower
costs, th2 rest being computar charges. The cgoncept of a modular
Program library, in which the pre- and postprogassors intaract with
the z2nalysis programs via a standard data base is well r=2presentad Doy
the GIFTS gzackags(8l]. The design of interactivs ora- and
postproceassor systems is described in (82], which discusses oprocedurss
for program design, testing, overlaying, data nandling and c<command
language desiga. The prodblam of program gcoctavcility 1s more complex
for grapnics softwara than it is for standard o2atch 2nalysis porograms.
Folay(33] <discusses the design of device independan: basic software.
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Conclusion

The paper raviaws the grincipal components o: finite =2lement 2-
and postarocessing (so-callad "auxiliary finics 2lement softwar2"). It
ra

provides an assesment 9f the current stace of cae art and a liter

survey.
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