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Abstract

0 LY

. As a resulc of advances in computer Ctech-
nology, the cost of computation is decreasing
approximately ten—fold per decade. In the
manufacturing industries, this 1is foscering
=he development of widespread changes In
desizn and manufacturing ctechaniques, referred
zo as Computer Aided Design and Computer Aided
“fanufacturing, or CAD/CAM, at an unprecedented
rate. This presents both a challenge and an
soportunity for manufacturing companies and
industrialized countries who wish to maintain
or advance their relative ©positions as
suppliers of manufactured goods of virtually

all xinds.

CAD/CAM is defined as embracing the use
of computers in the full sequence of manu-
facturing tasks, starting with the customer's
order and proceeding to product design, manu—
facturing process planning, wmanufacturing,
quality assurance, {nventory, shipment and
final deliverv, A brief review of CAD/CAM
development, emphasiziag the  role of
governments, 1is given for Germany, Japan,

U.S.A., United Kingdom, France and Icaly.

A world view of CAD/CAM {n the 1979~1980
time frame {5 given by means of an extensive
list of selected literature teferences
coveriny computer and graphics equipment; CAD
analvetical ctechniques; production, material
and inventory control; data base design;
numerical conctrol; automated testing;
industrial robots; computer languages; system
design; projécc management and social impli-
cations plus applications ian automotive,
machinerv, electronics, chemical and plastics,
architecture, Suilding desi3n, automated

warehousing ind others. (38lrerferances).

Incroduction

Without making any attempt to be melo~

dramatic it would appear that developments in

computer aided design and compucer aided manu-
facturing are taking place at a rate around
the world that will strain the ability of com-—
panies and nations to maintain their positions
in the world economy. This is both a chal-

lenge and an opportunity.

"It is appropriate therefore in this light
to examine some trends in Canada's performance
in manufacturing industry productivity and
some trends in world trade participation. It
is approporiate also to examine soﬁe ptevious
changes 1in ctechnology and productivity, for
example in agriculture and orocess computer
control, and to see what effects or parallels,
observable in those instances, may apply or
provide guidance to what 13 happening today
through -the use of computers 1in design and
manufacturing ~—~ which some would describe as
the CAD/CAM revolution. It {s approprilate
that we should have some definition, or at
least an envelope of concepts, of what is
meant by the term CAD/CAM. Last but not least
it is useful to identify some of the issues
involved, and respounses that will be required,
of Canadian {ndustry, educational institutions
and government in adapting to this new

technological eavironment.

There is no doubt cthat CAD/CAM represents
both a threat and a challenge to industry. It
the nature of the response to this challenge
that will determine whethet {t represeants an
opportunity which will be used widely and to

best advantage.
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A View of Canada's Present Position

in czerms o>f long rerm growth and Job
creation, the manufacturing industrie; are one
of the =ost imporzant sectors .of the zotal
GCanadian economy, vet manufacturing induscry
emoloyment, as a opercencage of the «total
labour force has been on a declining trend.
Productivicy will be especially important cto
the fanadian manufacturing industries ‘in the
1980's if traditional wmarkets are to be
retained and new ones gained in the face of
lowerad tarif{ protection and increasing

extarnal compecition.

In this context, the rapidly emerging use
of Computer Aided Design and Computer Aided
“tanufacturing (CAD/CAM)  technology is of

special Importance.

With che advent of CAD/CAM, it will be-~
come iacreasingly evident in the 1980's that
the design of the Ffactorv is just as important

as the design of the product. Developments

will lead increasingly to the marviage of both

Computer Aided Design (CAD) and Computer Aided
Manufacturing (CaM) into highly integrated

design and production svstems.

Productivity will be especially important
to Canadian manufacturers in the 1980's. Dur—
ing this decade, tariff protection will be
lowered, compecition from external sources
will undoubtedly increase, and inflation will
continue ac a strong pace. At the same time a
new world wide wave of industrial automation,
based on a rapidly increasing use of compdters

in design and manufacturing, is occuring.

As g result of the latest round of trade
negotiations, Canadian industry will face in-
creasing competicion €from imported products.
At the same time, however, our industry will
have better access to foreign markets. How—
aver, to compete successfully ia this new
rading environment, Canadian industryv will
have to achieve levels of periormance, in
terms of produccivity ‘and techaical excel-
ence, equivalent or superior to induscry in

ocher councries, whereas Figures |, 2 and 3

indicate Canada's current declining trend in
axport performance, manufacturing indusctry
emplovment and productivity improvement in

manufacturing relative to other nacions.(l)

Previous Exampoles of Technological Change:

Automation in Aegriculture and the Process

Induscries

It {s wuseful to remind ourselves that
change is always with us, and that some very
ma jor adaptions have been made successfully,

but not without effort, in the past.

One of the largest changes, which
Canadians have responded to in the past 30
yvears, has been the change in farm labour and
population as a percentage of total popula-
tion. This has happened largely due to rech~
nology and the use of machinery. At one time
nearly 100% of the population was directly in—
volved in agriculture and food production. In
1941 it was over J0%Z. Today it is less rthan
5%. However we don't have 9537 unemployment,
because people now do other things, == and
most prefer it that way. In a mere 40 years
this hag ‘ nroduced a huge social  and
demographic change from a rural to an urbaa
population society; from an agricultural to a

non~agricultural ecouomy.

A more vecent example of technological
change, bearing a closer relationship to
computer technology, is available; namely the
application of computers in control systems,
which began about 1960, and which has since
become widespread in the process {indusctries
such as pulp and paper, mineral produccion and

petroleum refining.

This is a particularly useful exaumple,
because it bears many technical similavities
to the current emerging use of computers in
the discrete parts wmanufacturing industries
which is generally’ referved to as CAD/CAM.
Both the similarities and some differences are
shown in tabular form in Fig. 4.(2) It will
be to the advantage of man’y Canadian companies
undertaking caD/Ca developments and

applications that much pioneering work has
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already beea Jone, at considerable time and
expeanse, in the process industry and capital
iazensive industrv applicacions where it could
e first afforded. EIxecutive operatiing svs-—
tens  Iocr haadling vreal time, seasor based
data, interrupcts and distributed computing are
a Sv-product or legacy that is available today
trom this earlier work, along with some of the
lessons learned regarding svstem and oproject
organizacion, Hopefully thev will not be

ignored or forgotten in too manv instances.

Microelectronics and Economic Justification

It is userul to consider why this change
in desizn and production’ technology is happen—
ing. As one might expect, there are a aumber
of facrtors. Basically it 1is because it 1is
econoﬁically justifiable, and technically
possible. Without going into decail, a vastc
aumber of developments in microelectronics and
computer technology have reduced the size of
compucters, increased their reliability, and
above all reduced their cost to the point
where a ayriad of new applications are possi-
dle =— provided that one has the applications
<nowladge in hand to do f{t. A calculation
costing $1,000 to perform in 1952 cost $10 in
1972 and will cost 10 cents in 1992,

While microelectronics and compucer
industry developments make the computation
part of CAD/CAM systems péssible, ic is the
applicacions knowledge, people, economic
justification and avallability of funds for
development and f{nvestmeat that «will determine
the diffusion rate for adoption of this tech-
nology. Technological change does not ctake
place overnighc. While the concept of an in-
vention may take place in an instanc, the
adoption of a new technology on a wide spread
sasis is a diffusion process that takes time
-—~ time largely determined by the magnitude of
che economic Jjuscificacion. The economic
jus:ificacion and know=how for CAD/CAM does
not come as a nackaged product from the micro-~
electronics or comouter industrv. It resides
in the nanufacturing induscries who are aoc
onlvy the wusers, bSut also cthe aonlication

developers. The mechanica a2ngineering

[

communicy has a large role to play in chis.
Reports from Germanv, tor example, indicate
that ZAD/CAM projects are organized with the
nechanical engineering or manufacturing
engineering pecrsonnel as leaders, and the
electronics or computer oriented personnel in
a secondary role.(3' “) That could be a
good formula for success, assuming cthat the
mechanical or manufacturing engineering
personnel are equal to the task, and particu-
larly that theyv have the necessary ocrientation
to cthink in cterms of svstems development.
Trained or experienced personnel are already
in shor:z supply. There is a need for
education and training in computer programming
and applications analysis in virtually all
industry sectors and disciplines. The
situation todav has been described succintly
with the remark “People who know how to
program, don't know how to solve problems.
People who know how to solve problems, don't

know how to program”.

What is CAD/CAM?

Besides being a useful abbreviation, it
is useful as stated in the introduction, to
have some sort of definitiom, or envelope of
concepts, for what is meant by the term
CAD/CAM. The term, with some slight varia-
tions, has come to very widely used in the

past five or six vears.

One may examine first the sequence of
manufacturing industry tasks as shown in Fig.
5, sctarting with the customer and proceeding
to product design, manufacturing process
planning, manufaccuring, quality assurance,
inventory, shipment and final delivery. If
one then identifies the ways in which computer
systems are being used to assist in each of
these design and manufacturing tasks, a series
of applicacion afeas results, as shown fin
Table I, which can be regarded as a composite
definition Ffor the ‘term "CAD/CAM". As

indicacted in Table I, the svstems integration

concept is important. There is a strong drive

in this direction, particularly by larger
companies who are the leaders in developing

and aoplving the cechnology.




Another approach which can be userul, is
to identify some of the technologies which are
iavolved as 2lemeats in CAD/CAM, as shown in
Table II. Zducation, understanding  and
development in these technélogies, as applied
to desizn and manufacturing, will determine
the growth rate for CAD/CAM svstems in numbers

and in their technical capability.

Sducation and training is therefore of
paranount importance. There are many facets
1o this. “rne point to be racognized is that
if CAD/CAM was being developed and applied
slowlv an 1 world wide bYasis over 31 period of
I %o +) wears or more before use became
srevalent, then 1t would b»e sufficient to
“huns the educational aeeds on the schools,
29lleges and universitiess who will train and

sducate rhe next generation of Canadians for

conventional education channels is importantc,

Sut ot sufficient under the circumstances.

=

I «the change to <the  widespread wuse ot
computer iided design and computer aided
manufaccturing tacges place as quickly as would
appear likelv, then education and training of
the exiscing work force 1is of equal or eaven
areater {mportance. The mechanism preferred
bv industry for this is by means of in-plant
training courses. The first requiremeant in
this process, to multiply and fan—out capabil-
ity, will be to assemble cthe besc available
source material and train the instructors who

will then train cheir co-workers.

it mav be lmportant, easpecially in the
long run, not to take too narrow a view of the
training and education requirements related to
CAD’CAM, especiallvy {f the sacondary effects
of its adoption are to be as broadly benefi-
cial as possible. ©Education in the arts and
culzural mursuics, in wddition to educacrion In
technology,. mav become increasingly important
{f increased leisure is to be enjoved, and as

an alzernazive 0 the work ethic.

CAD/CAM Develonments in Dther Councrias

A wriel overview of ZAD/CAM development

in other countries, and the degres of iavolv=-

working life span. The role of these

menc by governments, may provide a useful

perspective.
Germanv:

Government funding of apﬁroximacely 5179
million was provided for CAD, CAM and auto-
matic process control from 1971-1979 as parvt
of =he 31,366 million Second and Third Data

)

Processing Plans.

CAD/CAM development is conducted through

an extansive svstam of centres and institutes’

emploving thousands of scientists and engin-
2ecrs with strong emphasis on the mechanical

engineering aspects. v

:Japan:

CAD/CAM and vobocics have hizh priority.
Individual companies such as Mitsubishi and
the automotive industry manufacturers have

extensive working syscems. The Methodology

for Unmannad Manufacture (MUM) project, with

$ 100 million government funding to develop an
un-manned factory, has been modified to
develop a Flexible Manufacturing System (FMS)
as an intermediate step, incorporating machine

(5)

tools and industrial robots. Funding

(6)

now reported is $60 million over 7 years.
United Stares:

CAD/CAM activity is increasing rapidly as

~companies strive to meet the productivicy

challenge of Germany and Japan. The Sociecy
of “Manufacturing EZngineers is one organization
playing a leading role, £for example through
their Autofact conferences ) and special

interest groups.

Government projects, largely contracted
out, include the $100 =million United States
Air Force, Iantegrated Computer Adided Manu~
facturing (ICAM) project for aerospace compan-
ies; ~he Mational Aderonautics and Space
Adminiscration CAD oriented Integrated
?lanning for Aerospace Design (IPAD) program;

he Uniced  States Navy Computer  Aided

"
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Shipbuilding Design and Construction (CASDAC)
7, 8)

program and ochers.

.
“gllowing a 5ill  enacted by <Congress ia
Jcroper 1330, che Detroit Cooperative Generic
Technology fanter Inc. has been selectad by
~he .5, Deparrment of Commerce o <¢reate and
aperate a research facllity {n ctche area of
compuzer integrated maanufacturiag, supported

bv a “zrant of 31 aillion plus’ a 35 dillion

srant for faciilities and equipment.
Unized Xingdom:

funding for CAD/CAM comes from three
principal sources, the Science Resgearch
Council, Department of Education and Scieace
and the Nevartment of Industcy. The Yational
Zngineering Laboratory near Glasgow undertakes
development and provides advice in NC machine

tool technology and cape-praparacion.

The Compucter Aided Design Centre, a De~
nactment of [nduscrv Raseacch Escablishment in

Cambridge, as of 1980 has reached a staff of

wt

{30 and annual expenditure of 55 million.
A January 1980 report by a Cabinet Office

Advisory Council for Compucer Aided Design and

- Greater coordination and focus for CAD/CAM

research and development.

- An expenditure of £l1.3 - 2.0 million over
rhe next three years in measures to increase
ivareness and disseminate CAD/CAM fnforma=
zion, (in addition to the Microelectroanics

Awareness Program -~ MAP).

- A merger of the NEL at East Xilbride and the
Comoucer Alded Desiga Centre (CADC) at
Cambridge into a single institucte, and a
nshvsical move to "one or more sites nearer
:he main manufacturing ceatres of the United
Lingdom™ in order to facilitate access by
industrial companies.

ance.

[l

The French goverament ar2 making a najor

afiort under the Ministrv of Industry to
create awareness ia general in industry of
compucer svstems aad to encourage small and
medium sized firms to wuse CAD. A recent
bulletian of the Institut National de Recherche
en Informatique et en Automatique contains an
extensive paper on CAD/CAM and reports oa the

CAM research and development activicies of 19

other laboracories aad institutes in
Q

France.(’)

Italv:

As of 1974, Italy raaked fourth in the world
in oproduction of numerically controlled
machines (behind Japaﬁ, USA and West Germany),
and second in NC machine tool installatioas
(second and almost equal to West Germany).
Italy does not appear to be a leader in CAD/

CAM developments but the number of induscrial

robot installations reported is considerable.

The following figures for industrial
robot installations (1979 estimates) may serve

as a wuseful overall indicator of CAD/CAM

technology diffusion and application.(10)
Japan 10,000
Usa 3,000
West Germany ‘ 850
Sweden 600
Italy 500
Poland 360
France 200
Norway T 200
Britain 185
Tinland . 130
USSR 25

The Canadian figure is estimated to be in

the order of 100,

Another wuseful iIndicaztor of CAD/CAM

‘acetivity may be provided by a count of the

techaical papers published on the techaology.
Of those selected in 1979-80 from the inter—
nationally recognized “Computer and Coatrol
Abstracts” for inclusion in the monthly news-
letter, "CAD/CAM and Canada™ the publicatioas

by country of origin are:




USA 40
UK 23
Germany 14 !
Japan 5
france 3
Canada 3
USSR 2
Switzerland l
Other 8

) 100

*n using these data, it should be recog-
nized that some praference Is exercised in the
seleczion process to papers of most likely

value ar interest to Canadlan resaders.

it is clearly evident that developmenc of
2AD/CAM svstems and equipment s widespread
tarsughouc 1ll industrial sectors, and increa-
sing rapidlv. This is especially evident in
the case of industrial rvobots, because they
are relacively new, they are readily identi-
fiable, and because they can be vreadily
srogrammed to perform repecitive manipulacion

tasks previously difficule, prohibitively

expensive or even impossible to perform in the

practical sense, with any form of previously

available mechanical apparacus.

As indicated above, the number of robots
installed or produced by an industrial country
is regarded by some as an indicator of the
state of cthe art in manufacturing technology.
It should be stressed that at besc chis is
only an indicator. It could be as useful, as
another indicator, to count CAD application
programs, lines of code, otr data bases; except
that these are harder to define, identify and
quantize. Anothet indicacor is to count
computers. During the early ingroduction of
computers Lt was a common practice to maintain
and publish Survey data on numbers of computer
fastallaciofis of all types and sizes. For
medivm to large systems this census data is
still partlv maincained. For small computers
it is bhecoming impossible. Such stacistics
can be useful, particularlv when a new tech-
aology is at the frontier and the use of

industrial robots s in cthis position todav.

Y

To maincain perspective, however, we mwmay

remind ourselves that printing presses when

first introducad probably raised fears similar

to some concerns regarding robots today. The
aumber »f =zrinting prasses installed ia the
vear 1500 was 73 in Italv, 51 in Germanv, 39

A

in rance, 24 in Spain, 15 in the Low

Countries and 8 in Switzerland. Although the
number in use coday is wvastly greater, the
associated fears have long since disappeared.
The situation for tvpewriters 1is somewhat

similar.

Ma jor suppliers of industrial robots and
their customers have now achiaved hundreds of
aignly productive, relatively trouble free
industrial robot installations. Many applica~
tions now considered straight Cforward such

as:

Spot welding of automobile bodies
Die casting'

Investment Casting

Machine tool loading and unloading
Injection moulding of plastic parts
Forging

Spray paincing’

Provided that the application engineering
is done cavefully, the Increased production,
more consistent operation; improved operator
safety, Eeduced scrap and savings in labour,
will frequencly pay for a $30 - 80,000 robot

in I - 3 years, depending on the application.

It {s i{mportant to give neither too much
nor too little attention to the industrial
robot “revolution” and {its impact. Most
robots today perform only a routine sequence
of mechanical motions, often characterized by
the “pick-and-place” nature of the function
performed. Lacking any form of sensor input,
if something goes wrong they will continue to
perform dumbly wuntil shut-off. This will
change as sensor {nputs are added, mosF
notably force feed back signals from the hand
or gzripper, and vision capability wusing TV
cameras and pattarn recognition ctechniques.

Market forecascs for numbers of robots to be

produced and installed are highly dependent on




3
che assumption of these developments, which

will ot necessarily take place without

. 4 9
effore. NDiZficulcies in achieving successIiul

sattern recognizion and other {orms 'of rodoc
“incelligence” mayv. be 3resater than realized by
some forecasts or popular reviews. Meverthe-
less we are in a world wide race for improve-
ment of industrial productivity. Japan in
particular, which already has 10,000 robot
installations, has established a robot leasing
srogram through the Japan Industrial Robot
Association (JIRA), Miniétry of International
Trade and. Industry (MITI) and 10 insurance

companies.

A World View of CAD/CAM Technology

The abstracts on CAD/CAM technology
selected “rom the world literature and repro-
duced monthly in the newsletcter of the CAD/CAM
Technology Advancement Council provide a
vantage point from which {t is possible to
view the fundamenctal cechnology change which
i{s ctaking place on a world scale, which {s
revolutionizing design engineering and manu-
facruring and «which will ©penetrate every

industrial sector.

The twenty  abstracts reproduced by

permission each month from the INSPEC publica-

tion “Computer and Countrol Abstracts” provide .

a good representation of the world literature.
The following vreview and accompanying bibliog—
raphv represent those selecced in the June
1979 -~ December 1980 time frame, and have been
organized in a subject sequence which could be
used to prepare a reference text or series of
chapter monographs for education and training

on CAD/CAM systems and cechnology.

(11-31)
(11=12)

Introducctory and review references
include two collected sets of reprints
available from the Department of Industry,
Trade aand Commerce, Ottawa. Published
informacion on the aconomic justification of
CAD/CAM  is not widespread(3273%) parcly due
T the Jifficuley orf documentacion and
commeccial secrecv in decail but is known Cto
exist elsewhere, Jfor example in tha papers of

zhe SME  Autofacc conferences Numerical
»

~i

Control Societyv and CaM-I.

Computer 3rapnics, along with the use of
industrial robots represents one of che
fastest growing segmants of CAD/CAM {n commer-
cial cerms and capability, along with cthe use
of microprocessors in terminals and production
equipmenc(35—59). Two rapldly emerging CAD
analvrical techniques are the use of geometric
modeling for the generation of NC machine tool

cutter pachs(so),
(51-64)

and finite element
analvsis for strass, vibracion and
heat transfer analysis. Pattern router

algorithms(®3)

may represent another useful
CAD analytical technique with particular
application to printed circuit board

counection layout.

Produccion matecial and inventory
concrol(67—75) has been a common
manufaceturing industry computer application
.for the past twenty vyears, but which may be
considerably extended due to the information
demands of integrated CAD/CAM systems, and the
greater availability of shop fleoor and

(7s)

feedback data Similarly dacta base
systems have received a long history of
development, but are likely to receive new
impetus due to their key and central nature In

integrated CAD/CAM systems.(76"86)

Metal cutting machine tools, including
direct naumerical control (DNC) and computer
numerical control (CNC), are the most widely
used form of numerically controlled production
equipmenc(87"108). This is being extended
however into many other forms of production
equipment including arc welding, spot welding,
resistance welding, sheet metal punching and
shearing, grinding, polishing, injection

mould ing and packaging(log"lzg).

Automated testing and inspection for
improved production and quality control form
an important part of CAD/CAM systems if maxi-~
mum benefits are to be obtained. Applications
include mask testing for integrated circuics,
line width tescing on printed circuit boards,
weld qualitv inspection, checking of dimen~

sions, surface roughness, weighing and che
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on~line monicoring o other oroduccion

equipment(l30‘157).

Induscrial robocs(148=177) along with
.':urnkej/ CAD graphic swvstems represent +one ofF
the tWo  MOSE rapidly emerging  CAD/CAM
technologies. Their widespread use for parts
sandling, machine tool loading, spot welding,

arc welding; die and investment casting, spray
painting and even sheep sheering, as an
experimental applicacion, will change. the
nature of  many faccory and production

systems.

The integrated CAD/CAM factory of che
future must necessarily be designed as a

discributed or hiervarchical svstemn. Yence

davelopments in message handling, bus and data

hizhwav desizn, distributed and hierarchical

(173-213)

syscemns ire an important vet complex

agpect of svstenm olanning.

Computer programming languages are also

(206-209) 4 some

an imporcant consideration
special languages have emerged or are under
development such as Grapple for CAD, ADA for

'real-cime embedded svstems, VAL for industrial
robocts {n addition to the many languages for
UC machine tool programming such as APT and
ATLAS for automatic testing.

Pro ject management(210~222

(223-252)

and systems
design bear special consideration.
Education, training, the location and most
efficient wuse of scarce people will be
{mportant to project managers. Proper design
of flexible manufacturing systems will be

important to the profitability of the firm,

vhere used. The socfal implications of

CAD/CAM are baing recognized and
-7

discu55ed(253 262) as parc of the adaptation

orocess to this new technology.

Application papers are becoming more and
more prevalent as the technology advances from
concept 20 installation in a wide variety of
(263-272)

]

machinery and =2quipment manufacturing(273—zsb),

‘che aerospace induscry(7' 3, 14, 30, 285, 286),

industries including automotive

The elactrical and alectronics industryisinoted
e
personnel ctend to be c¢lose to and familiar
with CAD/CAM svstems opotential at an early
date, and also because some i{ndustrv products,
such as the LSI chlp in parcicular, would be
impossible cto design by any other mechod.
Conversely tood and veverage induscry
applications are not widespread as vyer,

Gy,

although exampies do exist Chemical

and plasticé industry applications are more
i (312-318) - .
widespread , particularly for in
jection moulding and the production of

plastics parts.

CAD/CAM in the architecture, building and
construction industry ctends to f{ocus on the
CAD or design end(319~330). Conversely as one
would  axpect, automated warehousing and

(331-346) 4.1 primarily

distribution svstems
with mechanical movement. It should be noted
that aucohated warehousing techniques are
being applied in integrated CAD/CAM systems to
the movement of parts and work In progress
between work statlons, and not just to the
storage and handling of Trinished goods.
Reductions in work in progress ({nventory,
{nterest carrylng charges and shorter deliver?
time to cthe customer being the objective and
economic justification. Miscellaneous appli-

cations(347—363)

as In che ctextile, printing,
glass and shipbuilding industries give
avidence that . every type of industrial
activity fs a potentlal user of the

technology.

Major national programs and studies

axisc, such as those in Germany(3» 4, 364, 365),
(7, 8, 366~368)’ the usal’?, 8, 369—371)'

(6, 372-378)

Japan

the United Xingdom and else~

whare(377-381)

Conclusion

~ Productivicty will be especlally important rto
Canadian manufacturers in the 1980°'s.
During cthis decade, tariff protection will
be lowered, access to foreign mArkecs will
increase, but competitlion will also increase

for both domestic and foreign markets.

for manv applicacions(237'310), because its -
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At the same time, a nev world wide wave of

industrial automation is occuring in manu-
facturing, based on a rapidly increasing use

of computars and industrial robots. '

As an indication of the rate and breadth of
this technological change, approximately one
thousand published articles on CAD/CAM are
now appearing each year in the open

literature.

Within this wave of change, two of the most
rapidly advancing fronts are the use .of
graphic sfscems for computer aided design
and tndustrial robots for parts and tool
handling, in addition to the.more establish-
ed use of numerically controlled machine

zools and production machinery.

It is the response ¢to CAD/CAM, and not
CAD/CAM  ftself, which will determine for
companies and <countries whether CAD/CAM
represents a net challenge or opportunity rto

them.
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FIG. 1 -  TRENDS IN EXPORT PERFORMANCE
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 FIG. 2 - MANUFACTURING INDUSTRIES EMPLOYMENT AND OUTPUT
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FI6. 3 - PRODUCTIVITY INCREASE IN MANUFACTURING 1968-1977
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SOME SIMILARITIES & DIFFERENCES BETWEEN CAD/CAM AND PROCESS CONTROL

Attribute
Computer implemented
Real time sytem
Embedded System

Sensor based inputs

Input of human origin

Expanding data base

Process control

Output interfaces

Predominant user industries

Sociec-economic impact

Main period of pioneering

Process Control

Yes :
Yes
Yes

Main source for most inform-
ation in system (Pressure,
temperature flow etc, etc.).

Minor portion of information
in system. (set points, etc.)

No

Major purpose is feedback or
feed forward control in
classic sense. Major process
units included within these
loops, process gains & dyn-
amics important.

Set point.stations, valves,
etc.

Chemical, petroleum, steel,
pulp and paper.

Medest

1960-1975

CAD/CAM
Yes
Yes
Yes

Minor portion of
information-in
system. Mostly
events,timing,etc.

Major source of
information.(Design
configurations, pro-~
duction status, order
status,

information).

Yes

Orientation is more
towards the mere handi-
ing, timing, release

etc. of large volumes
of information.

Plotters, machine tools,
wiring machines, flame
cutters, robotic units,
automatic test equip-
ment.

Discrete parts manu-
facturing, (transport-
ation equipment,
machinery, etc.)

- Much larger

1975-1990
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TABLE 1 4.5

SUMMARY OF CAD/CAM APPLICATION AREAS

Computer Aided Design

- Production design and analysis dincluding

graphic design, functional analysis, stress
strain analysis, heat and material balances,
simulation and modelling, data reduction and
analysis and cost estimatiang of the proposed
product or system to determine fitness of
purpose and economically optimized
production.

Customer Order Handling - Record keeping, tracking and reporting on the

Production, Material &
Inventory Control

Automated

Automated
Handling

Automated

Automated

Automated

Notes: -

Production

Material

Testing

Packaging

Warehousing

status of individual cus tomer orders,

particularly when part of an Integrated
on—-line system.

- Scheduling and information handling

pertaining to material requirements planning,
inventory control, facilities planning and
order scheduling, particularly when related
to an integrated on—line system.

— Numerical and computer control of machine

tools, lathes, milling, boring machines,
pattern and fabric cutting, welding, brazing,
plating, flow soldering, casting, flame
cutting, spray painting and automated
assembly (all of these exist and are under
further development).

i
Integrated materials handling using computer
operated conveyors, robotic units, etc.

- Automated 1inspection of wmachined parts,
testing, of electronic components, circults
and products, automated material inspection
and grading wusing sensor Dbased computer
systems, pattern recognition.

Computer implemented coordination of material
and information in packaging, ©bottling,
labelling and weighing systems.

~ Computer implemented order picking and
material handling for both work 1in progress
inventory and finished goods inventory.
Automated label reading, routing of packages,
parcels, baggage in shipping, sorting and
distribution centers.

CAD/CAM technology will yield {its greatest economic and
productivity gains when all or most of the above application
areas are married or joined together to form an integrated
system. Hence there is a strong development trend in this

direction.
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TABLE IT 4.9

TECHNOLOGIES INVOLVED IN CAD/CAM

Computer Graphics
Mechanical Design
Electronics .
Simulation & modelling
Engineering computation
Numerical Analyses

Data Base Design
Interface Design
Distributed Systems
Programming Languages
Communication Protocols
Human Engineering

Data Transmission
Productlion Scheduling
Material & Inventory Control
Robotics

Machine tool technology
Numerical Control
Sensors & instrumentation
Feedback Control
Pattern Recognition

Socio-Economic Effects
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vol.32, no.7, p.80-2 {(July 1979).

"Movemenc' control techniques for a
sheep éhearing robot”. J.P. Trevelyan.
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A. Shimizu, M. Sasaki, S. Ispikawa.
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modems”, G.B. Hick., Telecommunicatioans
(usa), vol.l3, no.3, p.81-2
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Autocesctcon '78. International
Automatic Testing Conf., San Diego,
CA., USA, 28-30 Nov. 1978 (New York,

Usa: IEEE 1978), p.169~71.
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n0.9, p.413-20 (Nov. 1979).

“An HP-IB extender for distributed
systems” . D.H. Guest.
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Mountain Symposium on Microcompucers:
Svstams, Sorftware,
Pingree Park, CO., USA, 19-22 Aug. 1979

(New York, USA: IEEE 1980), p.36-47,
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