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COMPUTER AIDED DESIGN - CAD

Computerized design analysis in machine comstruction

by
‘Maciej Bossak.

There are four mz2in fields of CAD: geometric modelling, analysis,
testing and drafting. '

Computerized design analysis, which is performed mostly with the
aid of computer based arnalysis technijues such as the finite elements

-method, simulation or optimization runs parallel with prototype build

and testing and its results form the grounds for design evaluation.

The results of sueh CAB activity-are-among the"most effective-and- - ----
beneficial ones. If the Selection where to concentrate CAZ efforts

have to be made, the computerized design analysis should ce the first
choice.

Differencies between convedtionii”design and CAD.

For decades the design process of machines has beexn based ~rimarily
on a prototype build and test cycle utilized to verify tze adesuacy
of the product. If some problems were encountered during prototype
evaluation or after the product was in the field, design "fixes"
based on pas$é experience were implemeated in order evenTuialiy -to ele-
minate or mirimize these problems. There are many re2sons why aow *his
"evolutiorary” design methcdology is not sufficient an? why nany
manufacturers are utilizing new techniques in mechanical desi=z-~,

res being exerted ugor the engineering function:

- users are contirually demending more vrecductive mwrotines, e niioce
specifications for tnese new machines often exceed the evy
of today's enzineering organizations and may recuire revclillczr-ov
rather than evolutionary concepts, '

- governrent regilations and starndards impose to reduce ~cizs 274 -~7 ra
‘tion as well as td increase safety and comfort of ojerzicrs,

- energy 3aving requires to develop an cptimal desiza frcm 2 wei 2=
efficiercy standpoint,

- the changing competitive nature of market is begirning to erzit

a greater presure on getting a new product into the customer/s hands
as guickly as possible in order to counter the introcuction of superior
nev machines by ~cmpetitors, e
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ures by allowing desizn engineers o:

- process massive amounts of experimental data aad extract :1: sLoced
useful information to obtain practical design -olution, .
- evaluate the structural performance and rel abllity of new machines
in the concept s%&ge prior to initial prototy: » Juild or delivery of
initial production machines. .

In doing so, manufacturers have reggfzed ¢ ‘gnificant reduction in
overall engineering costs per design as well as ¢ompression of the
overall design cycle time through elémination of several iteraticns in

the cestly build and try pfocess. Ttilization of ithese techiiques has
also led to rew machines which exhibit superior Jerformance characte-

ristics and reliability.
The quality of the product can be estimated by the set of chiaracter-
istisc such as: reliability, stability, weight, strength, cost etc.
The necessary condition for estimating, -in.quantitive marner, these...-.{
characteristics during the design phase is elaboration of adequate
design criteriz., The desizr criteria are estabilished upon the dzta
taken from experierce, analyses, tests as well as competition, 2rd i
describe what and now siould te calculated (how - means met-ocd =2 A
accuracy).
As a consaglerce at tie =eart ¢ computer aided design is “he mathe- |
matical model oF e ‘wocics, crerted ir the comuaiter, acecoriias tc The
desiin criteria,

Tae model si -I-zas »radicT -eriormance 1t ive coTnuter 1. IonTmIIl

(% 4

q *he traiinie s - f.1 ot te3t nsc 3, The meoel i3 ~rar-

)

cised t3 Zeter @ & o =mcic v o7 v.e .rodizt as . J:0le aad 1zads
i

e
com,.onent3 Tl s~ e=atiors., er%, i-diridial oomucnerts fesifts Are

reined and =7a’ '2tedi Wisal 30 L -ese loads.

stegs, *t7e model (s re”ined i: ar lterative :ricedure o inzlids {nore-
asirly srecige 4esi o i: Jermaticro. Tirally, the optimim Zosir” Ll
relaased to =a: i tacToricT,

Ir conzuter 2ided cesisa, eacw aralysis is coaracted with Ihe fa2llcom-
irg correlatior:

CUELT =2 " "1EM «e DISSTELITE - ,
simive ' giows, “sr exannle, the objects, orodlem areas At srie e
ic discinlizes er-azed in today s automotive aralysis. '
T~ere are three types of wogg‘connected with 2AD activity, n=xvely:
research, implemertation and applications. Their relationsniy and
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aims are as follows:

Research Theory - Model Methods
v )
Impementations |Problem » Model -» Software Tools
- v )
Applications Data -» Software -» Results| Analyses

_Por estabilishing ;pccessful'CAD activity the following elements are

. necessary:

2. Properly elaborated design criteria (methods),
2. Adequately oriented software,

4. Highly educated an trgingd'pe;songll) _
5. Apprioprate organization.

- -Methods. -- - - T T tmms mmmm s meenm T

Computer aided design in mechanical engineering depends primarily
on two disciplines:

Computational mechanics, and - - -

Computer graphics. .

The first one is responsible for elaborating methods and associated

. application software necessary for solwing encountered problems.

The second one is responsible for developing methods and associated
basic software for efficient utilization, in engineering practice,
methods and application software.

A variety of ernzineering-problems car be managed in gdstardard mathem:
ratical manner on the basis of physics once the uniform differential or
integral relationship has been found. This is the case with method
oriented analysis systems such as, for example, finite element! systems
or boundary element sygtems,

A uniform mathematical metnhodology is applied to such widely differ-
ent problems as.mechagica_of_soléids_(elasticity, plasticit,). heat
conduction, mechanics of fluids, lubricating film problems etc.

Modern computer aided design activity is based orn the informatior
processing aporoach which can be interpreted as integration of methods.
- -A1l CiD.-related .methoda are.assembled .in the method tank. Standari-
zZzed basic software serves for controlling the method bank componer.ts.
and handling communications with the data base, in~sluding its manage-
merts It serves alsg for integrating all functions includiag 3srapaics

‘and dialoque. The method bank programs are capable of being executed

on peripheral devices‘(pcreens, plotters, digitlzexs) of any type.
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Software.
It sust be realized that software is the greatest CAD dildkema of thes!

days and will be . >r the next, at least, five years. The progress in te-
chnology (LSI and VLSI) has drastically reduces the price of computer
hardware and rise , at the same time, its perfectness. :

the field of app-. ‘cations (in our case mechanics) numerical methods

1

]
Due to the need for engineer-programmer with a strong background in f»'

é

and software engineering the cost of labour has gone up. The increased.!
effectivness of system software has made possible the cost per instru-
ction remaired nearly constant (;t about 10 }) for the past two decades?
At 'he same time the users are attempting avplications which are increas
ingly ambitious, the number of instructions goes up drastically (e.g. ‘
YASTRAN has doubled the source instructions in about eight years from
200,000 to 490.0920 statements) and hence increase of deweloping time
and cost of computer software (as a rule 10 is the average rumber of
program lires written by programmer each working daxl Experiences in
CAD activity show that it is more effective if programming is performed
by staff members involved in the problen.

Figure 14 illustrates graphically the trends i1 relative-costs betwes
hardware and software during the last 30 years.

Software for CAD can be divided into taree groups:
1. System software. Programs that are tools for the user to génq;ate
programs, debug and test them, modify them and finally execute them

i
|
6
|
1
i

(o erating system, machine language, assembler language, compilers, edi-

tor, loader, lirkage editor, testing, debugging and diagnostic prograns,
They are generally written and delivered by the computer 1anufacturer .
for one coecific computer. C
2., Basic software. Programs that are tools for the user to perform gene-
ral tasks (data base management system, grarhical system, library. of -
mathematical suoroutines) They are gerierally written and delivered by °
specialized software groups connected or not with computer manufacturer.
3. Applicatior software. Programs for specific, well defined tasks for f

5

a particular applications in a particular field. They are divided-into-- - -~ -

two groups: method oriented and product oriented depending on whether
s$he methods are offered with or without reference to specific objects
of analysis. Typical examples of first group .are the finite element
or boundary element systems. Typical examples of second grouo are progrz
sets for crankshaft or gearbox designing. '

Very important role plays software dokumentation. Without good docum:
ntation it is practically impossible to utilize programs effectivelly.

’
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Pefore buying the software it is necessary to recognize it carefully
from the efficiency and compatibility points of view.

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

Pig.15 that computational power.is'no longer restricted to large organizations.

Fig.16 Small computer systems which vary from personal. computer.to aini compute:

-+~ --- can act separately or.as a terminal to other computers.

The small computer system is relatively slow for floating point (ari-

e thmetical) operations and-relatively fast for logical operations.

. .. -. . _'Therefore, a cbst_eftective approach is to transfer the interactive
processing to the small computers and to use mainframe computers for
batch processing only. Interactive processing is very ihportant for CAD

.8ince it can_increase the productivity of enginger. The;largest cost
of a computer analysis is the engineer cost associated yith model gene-

Fig.17 ration and results ‘nterpretation. Interactive processipng car make a si-

gnificant reduction in. the_costs. _ .-

The use of interactive terminals on Small ccmputer systens, coupled
to mainframe computer for batch solutlons, is called distributed proce-~
Fig.18 ssing. It is atractive for the following reasons:
- capital and maintenance cosats are lower,

- the user can have direct ¢ccess to the computer,
- interactive processing can bz removed from mainframes:
- most analyses (80% or more) can bte performed on small computer systems.
-Today's interactive termirals has usually form of the so called work-
Plg 19 statlons. This term is used for a set of graphics 1ardware componerts,
erhanced by some local computinv powe* and arrarged with special atte-
ntion to ergonomic aspects. Commen parts of workstations are: a large
work table witn digitizing tablet, two screens with different characte-
ristics, off-screen hard-copy, plotter etc. The 'two screens are freque-
ntly either an alphanumeric screen for command echoing and system messa-
ges plus a graephic screen for the graphic-interaction, or a black-and-
white vector refresh display for fast interaction plus a color raster
dbsplay for the presentation of several more sSlowly chan; ing views of
"“the object being dofked on, " T T

Superminicomputers with 32-bit wordlength and virtual wemory are
capable of performing entire CAD analyses using even very large programs
(systems).

On the other hand there 138 also a great need for faster and faster
nainframe computers (gupercomputerq) particularly for the comprehensive
analyses which involve detailed simulation of the behaviour of structu-
res under a wide variety of ope:aﬁyygaconditions. An extersion of the

o T
" Foa®
e
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aDaIYSLS phase involves the act1v1ty of computer aided enrlneerlng ("An\
which encompasses not only analysis, out comprehensgive geometric model-
lirg, design, drafting an& testlng. All of these activities are dependent
o sufficient computer power. m e e — e

Persornel.
Efficient applreations pf CAD methods need highly qualified engineers
-xith a strong background ih the field of applications, numerical methods? -
and software engineering. _
Experinces show that at|least two years of continuous education ard”

o i

trairing are necessary for)preparing indeverndent workers in-€AD.- -- - -
That is why the educatx&n in, and hence correct usage of, CAD tecani-:

aques is a topic that has J¢St recentlf received wider publicity (educa-

tion ard training are'veryfoften recognized as a kind of CAD activity).

Economical aspects of CAD.

Several authors have investigated methods for the economlcal evalua-
tion of CAD It is vitally 1mportant that the analysis and evaluatlon~;

e —— T L
' '

should not only consider the design process itself, but also the corse-

quencies of using CAD for the minimizatior of costs in such areas as: i

material savings, improved job planning, greater efficiercy of experime-

rtal irvestigations, enhanced poterntial for product validation, shorter :
7iz.20 lead time, improved product quality etc. o

-

Terdercies in CAD. .
Te future of CAD is CAZ. CAE is a product desigr and development - -
chilosorhy irtegrating key engineering design, analysis, test, drafting/:

)
’—4v
N
-

(W
L]

documentation and related marufacturiasy functions-into each pnrase cf the.
mechariczX product develorment process. The essertial elements cf CAZ are
- incegrated application sofiware, !
- irtezrated computer hardware for each enZineerint functiors, L l
- irteirated data base for overall project and product ccatrol.
The ZAE apﬁfoach is extremly flexitle since it relies on -informatioa -
from each ccmponent as well as how comuonents conrect a sytem. A change
in cne or more components can be evaluated easily by modifyinzg the mathe-
rigz.22 matical dnscrlntion “of those components, ard re-rxrnln? the system model.

References,
1. Zrecarracac J., Schlechtendal E.G., "Computer aided design", Soringer- .
Verlag, 1223. o
2. Radaj D., "Irtegration of analysis metrods in the context of indust-
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