
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


r- '"·- - ----- .. 

;. 

----------------------~ ----
r.-·.- ---,-. . _. ____ . _ _!__ ______ ~ 



Pig .1 

- 2~ -

CC'MPUTER AIDED DESIGN - CAD 

Computerized design analysis in machine construction 

by 

Maciej Bossak.. 

There are four 1!13.in fields of CAD: geometric mo•ielling, analysis, 

testing a.~d drafting. 
Computerized design analysis,_which is performed mostly with the 

aid o! comp~ter based a::.alysis techniques such as the finite elements 

-method, si~ilatio~· or optimization "tuns parallel with prototype build 
and testing and its results form the gro~nds for design eval~.iation. ,. 
The results of such CAD activity-are -aciong· the-· most e!fectt'Te-a.'1.d"- - - -- · 

beneficial ones. If the selection where to concentrate CA~ efforts 

have to be made, the computeri~ed design a.~alysis should be the first 

choice. 

Di!ferencies between co~ventio~al desig~ and CAD. 
For decades t~e design process of ~ac~ines has bee~ oas~c ~r:~~~ily 

on a prototype build and test cycle utilized to verify t~e a~e~_·iacy 

o! the product. If so~e problems were encountered during ?rototy?e 

evaluation or after t~e product was in the field, desig~ "~ixes" 
based on pas a experie!'!ce were tmpleme~ ted in order e·:e:: ~.ta:!.l~; -to eli!- -

minate or :ni~imize these problems. There are many rea.so!1.s ·,,·'::y :10W "::":i., 

"evolu tio!:ary" design me thcdology is not sufficient C1:.·~ ~·• .... y ::ia~y 

manufacture rs are u tilizi:i.g new techni,r1es in mec!o:ar:i ::-il 1es i -:-: . 

'!hese reasons 3.re primarily rel~ted to the grea-::1.;.· i•·:r-~,,.~~e·"' ;.:--?~:"1:­

res bei!'l.g exertec :t:;or. the engineering !unction: 
- users are contir.1ally dem1mding :nore ~rcd'.lcti·r~ ::'"' ~-· 1~~5. -w."' ·. :-..:. ~ 

specifications for these new machines o!te~ exceec t~~ ey~~~i~~:~ :~=~ 
o! today1 s en1ineering organizations a.."ld may req,•1ire !'e·rc '!. .4:.:: '.. - :-·: 

- - . -
rather than evol•.i tio!lary concepts, 

- governir.ent re~1lat.io~:s and standards i~ose to r"!'n·~~!" · 1 c~-"~ "": • --. '.­
tiou as ~ell as tlil inc:'!!a.3e sa.!ety anti corr.for-:: 'J! o:~erc.~~·:3, 

- ene.t"g"J sa.•1i~g req_•.llres to develop an op tircal des i~:l frc:.i a · .. ·e ~ "'· ~ -

e!!iclency st~~d~oir.t, 
- the changing co:npetitive na~Jre 
a gre~ter presure on getting a new 
as q,u.lckly as possible in order to 
n~~ ~~c~in~s 'bv ~o~petitors. 

o! market is be~i!'.nin~ to ey:~.-t 

product into th.e customer• a h.anda . 
counter the introdu~tion ot superior 

. ... 

. . . 
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ures by allowi~g design en~ineers !o: 
- process massive amounts of experimental data and extract :~= =-~~ ·~1 

useful information to obtain practical design ·o ution, 
- evaluate the structural performa.~ce and rel ib lity o! new machines 
in the concept st1ge prior to initial prototy: ~ ild or delivery of .. 
initial production machines. 

In doing so, manufacturers have re~zr:d ~ · gn 

overall engineering costs per design as well as 
overall design cy~le time through elimination o! 

f1cant reduction in 
ompress1on of the 
several iteraticns in 

the costly bt.iild ~rtd try process. !Jtilization o! lthese tec:·niq•.ies has 
also led to ~ew machines which ex..~ibit superior ~er!ormance characte-

ristics and reliability. . i 
l'he quality of the product can be estimated bi: th~ set of c~ar~cter- I 

istisc such as: reliability, stability, weight, strength, cost etc. I 

The necessary condition !or estirnatin&r--in.quar..titive manner, theser. -~~ 
characteristics during the design p~ase is elaboration of adeq_1J~te I 
design criteria. ~e design c!"i teria are estabilished ·1pon t~e cc;. ta ! 

taken frc~ experie~ce, a~alys~s, tests as well as competitio~, a~d 
describe w:H.: a:1d 0lOW s·-io'.1ld ::e cal~.ila ted (~ow - means met···.od =~ .. ~ 

::LCC:.l!"~Cy). 
As a conse·~·1er·:=ll! at t·1e :.:e'l.:-t c~ ~or.t>uter a!.di:!d design is :~e :n~:-·ie- i 

I 
!:'.a:ical T.odel o-:' :-;.e :·~oc!"t~:, ~"."!!"1.~e:i ir: :::-:.e cc:-:siter, accor.-:i'.".'. ~c :'".~ 

I:- ~o".t;.•1 ';er aided ~es !..~.1., 
ir.~ co~~elatio;: 

~i.:--1':'~ ' s;·o·:::, .. or '!::ca,:ilf', thP. oh1'!cts, orobl~'.':t ~:!"eas ::> ... ~ ~,..,_ ..... i- i 

~ic di:>~i.ili~es err:'l~ed in today s a'.ltomotive a!'"'.al7sis. 
:·~.ere ::Lre ::ii!"ee types o! '#Ork connected with ~AD activity, '1~ .... ~11: 

,..~ 

~esearch, imple~er.tation and ~pplications. nieir relationshi~ and 
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aims are as follows: 

Research 'Iheory -~ Model Methods 
~ 

Impementations 

Applications 

Problem ~ Model -~ Software Tools 
v 

Data -~ Software -~Results Analyses 

For estabilishing successful CAD activity the following elements are 
necessary: 
2; Properly elaborated design criteria (methods), 
2. Adequately orienter software, 
3. Reliable hardware,· I - . -
4. Jiighly __ e_d~cat_~d_ an_f _t~i_ned_ pei:sonell) _ 
s. Apprioprate organifation. 

- ·· -Methods. - - - -1 -- ----·. --·-·-
Computer aided design in mechanical engineering depends pri:narily 

on two disciplines: 
Computational mechanics, and 
Computer graphics. 

?i~.6 The first one is responsible for elaborating methods and associated 
:ig.7 ·. application software necessary for scll"wing encountered problems. 

'!he second one is responsible !or developing methods and associated 
basic so!tware for efficient utilization, in engineering practice, 
methods and application so!tware. 

A variety of er.gineering--problems ca11 be managed in ~star:dard ma-the11t; 
~.atical manner on the basi3 o! physics once the uniform differential or 
integral relationnhip ~as been found. This is the case wit~ met~od 
oriented analysis systems such as, for example, finite elemen: systems 
or boundary element syJtems, 

A 1.1ni!orm mathematical methodology is applied to sue~ wi~ely differ­
ent probl,ema as mech~ics __ o! _sol~id:s _ (elastici.ty, plasticit. ) , heat 
conduction, mechanics of fi1.1ids, lubricating !ilm proble!lls etc. 

Modern computer aided design activity is based or. the infor:natior. 
processing approach which can be interpreted as integration of methods. 

":)~~. l_Q. . -A.ll C.lD-rel~te_d :met~ods are :aasemb.led . .in. the method ca::l<. Standari-
zed basic ao!tware serves !or controlling the method bank co~poner.ts . 
and ~andling colllllllll1icationa with the data base, in~ludlng its ~anage­
ment• It serves als? !or inte~rating all tiinctions includ.i:'lg .~r9.p'.iics 

and dlaloque •. 'lhe method bank programs are capable of bei!'l.g exl!c11ted 
o~ peripheral devices·(screena, plotters, di~itizer.s) ~!any type. 

-
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Soft·#are. 
It ;;mst be 

days and will 
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realized that so!tware is the greatest CAD dil~mma o! thesl 
I 

be . >r the next, at least, five years. The progress in te-; 
and VLSI) has drastically reduces the pri~~-- ~f _computer 1 

hardware and rise , at the same time, its per!ectness. · 
nie to the ne~d !or engineer-programmer with a strong background in I 

the !ield of app~· ;.cations (in our case mechanics), numerical -met!1.ods : 
! and so!tware engineering the cost ot labour has gone up. The in~r~~s!~. I. 

ef!ectivness Of system SO!tware has made possible the CQS·t-·per instru- I 

ction remair.ed nearly constant (at about 10 ') !or the past two decades~· 
At ~he same time the users are attempting applications which are .i!l.creas 
ingly ambitious, the number or in_structions goes 1.ip drastically (e.g. 
~TA.STRAN has doubled the source instructions in about eig!kt years !rom 
2a~.ooo to 400.000 statements) and hence increase of developing time 
and cost. of computer software (as a rule 10 is t~e average"number o! 

program lir.es written by progr~r_eac~ WQr~~~g-~ay).~ ~e!iences in 
CAD activity show that it is more effective if programming is performed 
by staff members involved in the problem. 

' 
Pi~.14 Figure 14 illustrates gr~phically the trends i~ relative-costs betwee 

hardware and software during the last 30 years. 
Software for CAD can be divided into three groups: 

1. System software. Programs that are tools for the user to ge~e.;ate 
i>rograms, debug and test them, :nodi!y them and finally execute them · 1 

I 

(o~erating sy~tern, mac~ine language, assembler language, compilers, edi: 
tor, loader, lir.kage editor, testing, debuggin~ and diagnostic programs~ 
They are generally written and delivered by the computer manufac~.irer - ' 
for one c9ecific computer. 
2. 9asic software. Programs that are tools tor the user to perform gene~ 
ral tasks ldata base management system, grarhical system, library-of , 
rnat~ema.tical subroutines). They are ger1erally written and delivered by 
specialized software grO"..ips connected or not with comp•iter manufacturer. 
3. Applicatior. software. ~Programs !or specific, well defined tasks for ' 
a ;iartic-Jlar applications in a particular :field. They are divided···into--• 
~~o gro~ps: method oriented and product oriented depending on whethP.r 
•he met'1.ods are offered with or without reference to speci!ic objects 
ot analysis. Typical examples o! first ~r.oup .are .~he tini te element 
or boundary element systems. Typical examples o! second group are progri 
sets !or crankshaft or gearbox designing. -

Very important role plays software dosumentation. Wi?.hout good docum' 
ntation it is practically impossible to utilize programs e!!ectj~elly. 
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~efore buying the sof~~are it is necessar'l ~o r~~ognize it carefully 
from the efficiency and compatibility points of view. 

Hardware. 
-At the present time the availability of small computer syytems causes 

Fig.15 that computational power is· no longer restricted to large organizations. 
Fig.:16 Small computer systems which vary from per~_9_n~i __ 9_9"!Dputer to :nini compute1 
-- , - -- - can act separately or. as a terminal to- other computers. __ _ 

Fig.17 

· The small computer system is relatively slow !or floating point (ari­
thmetrcal )~operations and-· relatively fast for logical operations • 
. _Therefore,_ .a cost_ effective approach is to transfer the interactive 
processing_ to the smal1 computers and to· use mainf'rame computers for 
batch processing only. Interactive processing is very important for GAD 

_since it.c34_inc~ease the product~vi~ of engin~er. Thellargest cost 
of a computer analysis is the engineer cost associated tith model gene­
ration and results !.nterpretation. Interactive processirg can make a si-
gnificant reduction in_. '!;h~-~ cos~~· _ _.. . . . .:.·_, . 

The use of interactive termi~al~ on small computer sfstens, coupled 
to mainframe computer for batch solutions, is called distributed proce-

ssing. It is atracti~e for the follo~ing reasons: I 
- capital and maintenance coats are lower, I 
- the user can have direct tcceas to the computer, 1 

. I 
- interactive processing can b~ removed from mainframes, 
- most analyses (80% or more) can be performed on small comp•1ter Sr,.Jtems. 

·Todayls interactive terminals has usually foI'!!l of the so called work-
Fig.19 stations. This term is used for a set of graphics ~ardware co~pone~ts, 

enhanced by some local co~puting power, and arrar.ged wit~ special atte­
ntion to ergonomic aspects. Cornman.parts of workstations are: a large 
work table with digitizing tablet, two scre~ns with different c~aracte­
ristics, off-screen hard-copy, plotte~ etc •. l'he ·two screens are freq,ue­
ntly either an alphanumeric screen for command echoing and syste~ messa­
ges plus a graphic screen for the graphic·inter~ction, or a black-and­
~hite vector refresh display for fast interaction plus a eolor raster 
display f.,r the -presentation of several more slowly chan,::;ir.g views of 

. - the object being "wo:Bceci-on :- . .. . . - - . 

Superminicomputers with 32-bit wordlength and virtual memory a.re 
capable o! performing entire ~AD analyses using even ver1 large programs 
(systems). 

On the other hand there is also a great need for !aster and taster 
mainframe compute~s (~upercomputers) part'lcularly for the comprehensive 
analyse• which involve detailed si1111lation of the b~haviour of structu­
res under & wide variety o! ·~pe.C'atin& condi tiona. An exter.sion ot the 

::·:·· ... ..,, . 
~ 
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analysis pha~e involves the activit~ of computer aided en5in~ering (cAE\ 
which encompasses ~ot only analysis~ o~t comprehens;ive geometric model­
li~g, design, drafting an~ testing. All of these activities are dependent ., . 

Perso~nel. ; 

o sufficient computer polr. 

Efficient appltit:ations f CAD methods need highly qualified engineers 
·•ith a strong background i the field of applications, numerical methods I · 
and software engineering. I i 

Exnerinces show that at( least two· years of continuotis ·education --~a - -~ 
trair.ing are necessary for\ preparing independent workers in -CAD. -- - · · -" 

~at is why the educati~n in, and hence correct usage of~- CAD techni-, 
I . 

~ues is a topic that has j4st recently received wider 9ublicity (educa-
tion a1~d training are very'.often recognized as a kind of CAD activity). 

Economical aspects of CAD. 
I - - - . : -- - . 

Several authors have investigated methods ·for the economical evalua-
f. ·- - --- ..:. 

tion of CAD. It is vitally important.that the analysis. and:~.VC:-~u.a~io~--. 
should not only consider the design-process itself, but also the cocse­
quencies of using CAD for the minimization of costs in such areas as: j 

:naterial savings, imp~oved job planning, greater efficie~cy of experime- i 

~tal irvestigations, enhanced pote~tial for product validatio~, shorter 
• 

?ig.20 ~ead time, i~proved product quality etc. 

Fig.22 

Te~cercies in CAD. 
.. 

~e ! 1.1.ture of CAD is CA~. CAE is a product desigr: and de•1el9p!lle!"lt - f 
I 

philosop~y irtegrating_key engineering design, analysis, test, drafti~g/. 
docume:itation and related l!'.arufac°t'.i!'in-~ 

~ec~acic~l procuct development process. 
- in;eg=ated application sof~are, 

functio~s-into eac~ p~ase cf the, 
The esser:tial elements cf CAE ar1-

irte~rated compu.ter h~rdware for each er.gineP.ri~?:" !'u.r.c~ior.s, 

irte;rated data base for.overall project and product ccntrol. 

I 
I 

! 

~e '.'.:AE approach is e_xtre:nly flexiole si:tce it relies- on -information 
from each ccm~onent as w~ll as how com~one~ts conr.ect a sytem. A c~ange 

in one or more _c~~~~~e~ts can be evaluated easily by modi!ying the ~athe·I 
~.atical d~scription o! those componeits, ~r.d re-ri~nine the syste~ model., 

References. , 
1. :::-car:- acac· J., Schlee~ ter.dal E.~., ":omp•.t ter aided de:::ig:::", Sprir.ger­

Verlag, 1 ?83. 
2. R~daj D., "Ir.tegration ot analysis met~ods in the context o! indust­

rial req,ui remants", Proceedings of the 10th International FEM Congresf: 
115-17 ~!ov. 1981, Bader.-Baden. 

• 
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