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' CAD/CAM AND ITS IMPACT ON THE MANUFACTURING INDUSTRY
- J. Scrimgeour*

Abstract

From 1960 to the present great strides have‘.been made, - and are
* continuing :to be made, in the use and-application of real time process -computer
control systems, particularly for control of continuous processes in. the resource
based industries. A similar dramatic change is now beglnnlng to take’ plaCe in
the ' discrete parts . secondary manufacturlng 1ndustry where the - cost
- effectiveness of micro processors and mini computers has suddenly. made poSSLble ;
~a wide variety of new: apphcations in Computer A1ded Des1gn and Computer
Arded Manufacturlng (CAD/CAM) ' ' ‘

CAD/CAM systems have many s1m11ar1t1es, and embrace many of the

. same technologles as real time process computer control systems, but they also

contain important dlfferences in technolog1ca1 empha51s.» These dlfferences s
focus -attention on' new mdustry 'sectors’ where CAD/CAM wﬂl mtroduce-

* widespread change plus a potenttally substant1a1 soc1o economlc 1mpact

~ The paper will’ describ_e -CAD/CAM -'syste‘msi from these. 'point‘s of .
~ view, and will describe the function and activities of the CAD/CAM Technology
- Advancement -Council ‘that has ~bee_n‘-establi'shed to encourage and. assist in-the

- . adoption of thisimportant new technology’in Canada. -

% Consultant, Department of Industry, Trade & Commerce, Ottawa.



Introduction

- Real time computer control of 1ndustr1al processes had its flrst

' beglnnlng 1n 1959 with the computer control of a catalytic polymerization unit at.

i qu1ck1y followed in the early 1960's, -most notably for metal rolling

(1) (2)

a Texaco reflnery in Port Arthur, Texas. - Other pioneering applications

(345)

(6, 7, &, 9) (10, 11)

. cement plants , electric- utility chem1ca1 and - other reflnery

_processes » 'I'he hardware, sottware and - process ‘knowledge and control. -

. developments of this period have been reviewed elsewhere(l.2 13, 14).

Today
"process computer - control is a w1de1y accepted and widely used technology for

‘plants and processes havmg a highly valued. product throughout., .

A similar. but d1fferent revolutlon, oceuring: some 15220 years later,
has now commenced in the general manufacturmg industries, partlcularly those

: .-produclng discrete parts, as distinguished from those using continuous processes

_Although prev1ous1y not economically attractlve, the’ use of computer systems
has now become practical in’ discrete parts manufacturmg due to cont1nued
advances in computer. technology. As a result there has been a constant.

' 1mprovement in. computer.. pr1ce/performance ratios’ and most recently the.

o mlCI‘OPI‘OCESSOI‘ in partlcular

1

Generally referred to as. Computer A1ded DeSLgn and Computer A1ded- '
: Manufacturmg (abbrewated CAD/CAM), this technology -is expected to have a )
- w1despread and significant 1mpact on . many ‘sectors of the: manufacturlng".
‘1ndustry -
The paper. will review this activity with reference to its impact in
~ Canada, and ‘the CAD/CAM Technology - Advancement Council which has- been

-.estabhshed to- encourage the deve10pment and use of this technology



~ Advances in Cornpnter.'l'echnology

. Since the :computer- is obviously' the common element, and is at’ the
heart of virtually all CAD‘/CAM systems, it lsworthwhile to briefly examine the
technological advances that have made such systems possible. I so doing .
, 'however, it should.be clearly established at the outset that in CAD/CAM systems .
the. computer. is basically-being employed as an.available tool Much of the
technology ‘used in CAD/CAM appllcatlons, and which must be further developed
for. the1r extension, is of a systems, mechanical and ‘manufacturing engineering -
nature. A great deal of this needs to be and is being. developed "in- house" by the |
user. ‘It would be a: mlstake therefore. to con51der "CAD/CA'\A" as:a product -
developed and Supplled solely, or even. prlmarlly, by the electronics 1ndustry

_ "~_Basically it is the ﬁcontinuedlmprov_eme‘nt in tne:-"performance_/cost
ratio of available computers-that makes applicat‘ionsllke CAD/CAMA possible. |
' _Thls in turn is possible pr1marlly because of the contlnued miniaturization of |
logic and memory devices, embodied today in the term "mlcro electronlcs" and: ‘

typified by the - ubiquitous and pervaswe rn1croprocessor..

-Canadal's flrst -computer- arrwed by boat in l952 from Ferantl in

Manchester" England and was .installed at the’ Unlver51ty of Toronto where it

. became Known as. the Ferut Computer. It had a fixed point add time of 1.2 ms.,'_

and ‘a multlply tlme of 2.2" ms. D1V151on -was accompllshed by a rec1procal

subroutine. Wthh took 95 ms. Working storage was-on- the'faee of cathode: ray-. ‘
tubes, called Williams . tubes after Prof.F.C. Williams,  their:- inventor, and -
" required pe[‘lOdlC refreshlng due to ‘the decay and eventual loss of information
despite the automatlc recycllng of:the bit patterns ‘The first: computer in; the
Canadian manufacturmg industry, to the wrlters knowledge, was 1nstalled by
‘Orenda Engines’ Limited in-'1956, followed 'soon. by ‘others: for more’ general and.

- .non-defence related 1ndustr1al de51gn(15)

_ Figure "1 illustrates the _constantly - expanding base and scope of
computer applications. ‘There is an old tale in-the computer industry of how one
. of todaylsmajor. co'mputer ‘corporations first estimated the: world market for -



computers . in business- and industry. . This was.at a time when several of the

world's flrst.computers» had just been built for research and scientlf«ic purposes,‘ _
_but their commercial use had not yet begun. Their estimate for the foreseeable.
future was that the world market could absorb and erhploy about 5-8 computers.

Startlng from such small beginnings the use of computers 1n business, industry;

government and academic institutions has been e~<pand1ng ever since. ‘In 1978,

computer user expendltures in the U.S.A. were estimated at- approx1mately

. '542 bllllon.(l ) For the manufacturin 1ndustry users th1s represented 0. 7¢ per -
8

'.dollar of sales

Basically. each -year improvements in cost -and performance of

.computers, coupled with an expanding awareness by more ‘and more people of

- their capablllty, has. made pOSSlble a continual supply’ of new. appllcatlon areas.

There are many ways of plottmg or recordlng this cost and performance trend, .

_much of :which in turn is based primarily on advances :in micro-electronics

- technology, very large scale. integration (VLSI) and the mlCl‘OCOmpUtel‘ in

particular. For example, the number of components per circuit (gates/chlp) ‘has

“doubled every year since 1959, resulting in an increase in components per - circuit

(17)

of 1024 every 10 years'"’/. With the use of electron beam etching and other .

“techniques- this trend in- miniaturization -is ‘expected to 'contino‘e until other

physical limits are reached, such as the dielectric breakdown strength of silicon,

heat removal ability and the percentage of chip area that can be allocated to

Cll‘CUl't w1r1ng(18)

At the user level 1mprovements in the pr1ce/performance ratio of
computers, or the cost/calculatlon, are difficult to track over the variety - of

problem types and computer -architectures. available to the user,-but have kept

- improving every. year by a factor of about.32% for memory. costs, 23% for logic | ‘

and ll% for commumcatlons(w)

.-’years_mean that a calculatlon costing $1000 in the early days of computmg would

~cost. only $10 in 1972. - On this ‘basis the" same’ calculation will cost only $1in

- 1982'and 10 cents in 1992, Economic changes such as this keep opening up-new

waves of applications as-long as the organization ' and development - of

Improvements of lO to- 1, or more, every ten .



applications know=-how and-the "people cesf-" of programming> can ‘keep Vup.' For
example, the expenditure of the USA Manufacturing 1ndustr1e$-o}5 computer
graphies-eq'ui‘pment software -and services alone is projected: to grow at a 22%
annual rate, increasing from 5251 million in 1977 to $316 million in 1978 and $1.5
billion in 1986 according to a leading market research flrm(zo). There are qu1te
clear signs, however, of the "programmmg hmlt" bemg reached on many new i
pot_en_tlal _computer applications, ‘hence apphcatlons such as’ _ ’ghose in -

communications and word processing, -where the mlcroprocessor "istrahsparent to-

- . the user, (rather than being programmed by the user) are ach1ev1ng the h1ghest -

: growth rates in applications and sales.




‘Does Canada need CAD/CAM? _

This is a valid and important question. The answer in the long-term
lies in the structure of the economy, not.only as it exists: today but as it will
eventually exist in the future. One can identify- four basic economic sectors,
with long-term outlooks as follows: -

1. . Non-renewable resource - iWhich'eVentually will 'begdeple'te’d.

2. -Renewable resources —Wthh are- reachlng natural 11m1ts and

therefore becomlng constant in output

3. Secondary ,manufacturing - the lo,_ng.-term.:future .growth
opportunity. '

4. Service séctor - limited by a natural maximum ratio to the sum
of 1+2+3. ‘ | ' |

-Canadas labour force grew hnearly from approx1mate1y 7 million in*
1964 to 11 m1lhon in 1978, an increase of 285 000 new- jObS needed per year,

@D

Wthh is more than 1,000 new ]obs per workmg day

- The importance of the manufacturing sector asakey source of job j’.
creation is therefore obvious. This is- given- high‘iprominence'i‘n the"newly issued
report no. 29 of ‘the Science Council of Canada. "Forglng the Links - a
Technology Policy for Canada"(zz) The source of the Counc11's concern arlses

- from the observation that- thestrength of the manufacturing: 1n_dustry sector in

- Canada:is declining, relative to the rest of ‘the world, .and that this decline, as

- cited by theiolloWing'-stat'istics, is greatest in high technology“products:'

“. = - From 1970 to 1975 Canadas share of: world exports shpped from~ ‘
. 6.1 to 44 percent, a decline of 28 percent. .



warehouse economy"

- From 1970 to 1975 Canada's v'share of world . ‘trade in-
manufactured exports dropped from 5.6 . to 3.8 percent a
decline of 32 percent. ‘

On a more positive note, more: recent figures, since devaluation of

the Canadian dollar, show a reversal of these previous trends.

Some of the. dechnmg strength reported by the Science Council might

be attrlbutable to a growing self suff1c1ency of the developlng natlons, and a

. more uniform balance of world productlon of goods. However, during. the same
- time perlod Japan, Germany, France and-Sweden all-increased their percentage. '
<. share of world trade in- manufactured goods. Furthermore, from’ 1970 to 1977
the proportlon of the Canadlan market served by 1mports grew from a 26 percent
level to a new level of.3] percent. As stated in- the Science Council report
- "these changes indicate that- Canada -is moving away - from ‘an--_mdustrlahzed

" economy,. back'to one'-‘ based on the export of raw materials". “As stated in

another report, "We are in danger of changing froma. branch plant economy toa

(23),

However, these are symptoms, not causes. As every control- englneer S

‘knows you - lnfluence the behaviour of a process by changmg and ad]ustmg 1ts'

f'lnputs, not slmply by measurmg and thinking about 1ts outputs. o

The Science Council report gives special attention to the new wave.

‘of change in industrial production methods taking place because.lof-'advances in
- microelectronics and microprocessor- tec'hnolog'y. These new"electronic products -
t’aref‘not only ‘causing ‘sweeping changes within the electronics industry: but in turn

‘have significant impacts ‘on-:other forms of industrial production;‘ hence -the
- names. "the - third: wave of industrial . revolution”, the "microelectronics :
~ revolution", or "CAD/CAM". ‘ B

These represent both opportun1t1es and threats. As'th'e Science

~ Council report sees it: |



"Canadian 1ndustry is threatened on two fronts:. by the danger

that much of its traditional manufacturing aCt1v1ty will become

non-competitive - through ‘pre‘ss.ur.e's from ‘the industrializing Third -

World, and by its inability to exploit new avenues of industrialization
made possible by advanced technology. In this sense, Canadian

Industry is uniquely threatened." but

"Canada is ill-prepared to -face many . of. the significant

challenges necessary in a transfer to an industrial system based on

hlgh technology lnnovatlon and adaptatlon"

Viewed in ‘a more positlv'e way one notes the June 1,41979

announcement of budgetary and other measures aimed towards a new national

_prlorlty for achieving expenditures for R&D of 1.5% of GNP by 1983(24) This’

 target is a significant increase and. reversal of a ten year trend, because R&D
. effort in Canada slipped steadily from ‘a “high- of 1.28% in 1967 to 0.92% in

: 1977(25) To ‘be effective most -of this increase must take -place’ in ‘industry. - -

Fortunately, that is. already the direction of the trend From 1963 to 1977 the
percentages - distribution’ -of R & D Expendltures by . performer - -shows a

government decrease from 41.7% of the total to 31.4% while the proportlon done

by business enterprises (partly. funded by government) increased from 38.7% to

u4.7%. R & D performed by universities accounts for “the remalnder, and.

mcreased from 19. 606 of the total to 24 4% dur1ng the same time perlod

If eﬁort on R & D is to 1ncrease, and especially that part done in

. vbusmess ‘enterprises, it -is- important to examine the ‘underlying ‘reasons for

- undertaklng R &Din 1ndustry Most of this is applled research and development.’

Vlrtually all of -this is concelved w1th the development of new products or

' processes 1n mlnd

It is. 1mportant therefore to recognlze that busmess allocations of

funds for new- product development are based ons’




a) an awareness of technological . opportun1ty for 1mprovement
and ‘
b) . an awareness of a market opportumty that W1ll permit payback

-of the funds expended and
- ) ~ available funds and personnel for development-
Allocations of funds for new process development are based on:

a) _ an awareness of a technologlcal opportumty for improvement,
and ‘ '
b)  an awareness of the economlc ]UStlflCatlon through cost sav1ng '

or 1ncreased output for the plant 1n question, and
¢) - available funds and personnel for -development.

Several pomts should be noted with respect to these decmon factors.
- In allocatlng funds for either product or process related R&D it is not simply the
‘technological opportunlty that is an essential’ factor-, but rather the awareness of
that . opportunlty. - Most control engineers are aware’ of the often significant
difference which can ex1st between the real value of a SLgnal “and the measured
" or perceived value ‘of that signal. Decisions by management and technical.
.personnel are based on.their known' or perceived knowledge of a situation. This
-may be less complete or. less up to date . than the-real situation. . This is. why |
accurate and- tlmely technology transfer, . W1th minimum error and delay in 1ts
transmission and. a551mllatlon -is. an- 1mportant /ingredient in the R & D process,
espe_mally as. it applies’ to the ‘industrial- development of new products and

-processes.

" The presence of the word "and'F;‘-linklng‘the factors "a, b, ¢ should be
' "noted. It'is-_not:sufticlent'to_have ideas without -markets, or funds-without the .
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technlcal 1<nowhow to apply them wisely. They all must be present It is "a" and
b and et that are required. Unfortunately much time and effort can be lost in

seeking to prove whether the problem or missing "link" is "a", or "b" or "c".

The importance of '_doing‘things at”the»-right time should also be noted.
Ganadian industryrepresents too small a percentage of the“wOrld total to be able .
to pioneer very many thlngs for the world at large, although there can always be
 some. Real leading edge ploneermg takes special effort, progress is slow, costs
may be high, there is a hlgh risk of costly m1stakes and exploring blind alleys due
to the lack of precedent. \

On the other hand, \no: company' or country can afford to lag far
behind - - especially in industrial R & D, for this is a continuous process.
Today's sales, revenues. and earnings are»_essential to pay for today's R & D,
which in turn will make possible tomorrow's sales, revenues and earnings. If the
chain is broken, or deve10pment falls behlnd a decline sets in wh1ch makes
revxtahzatlon all the harder, or even impossible. - ’

Recognizing that_“aWareness -of technological-change, and awareness
of the economic justification of new produc_tion technologies are key factors m
the industrial process, the Department. of Industry Trade and Commerce |
established in 1978 a CAD/CAM " Technology Advancement Council with
objectives and memberships as defined in Table | and Table 2. This is an
indus,try/academic/government hody-With membership -primarily fr-om~industry.

B Th’e objectives are focussed primarily towards users in industry. ..-

- The resources of the counc1l are hmlted since the 1ndustry and

academlc members are contrlbutlng their time and energy to. its objectlves on a o

‘ v.oluntary basis and it is.a- part time activity for all.: " The council wishes to
cooperate and contribute’ to all:activities that it can; in hne with the objectives
and duties stated in Table .- Letters to this effect have been sent to a large
* number-of technical societies, universities and> research organizations-in Canada.
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"~ The - Counc1l w1ll from time to time be dlssemmatmg CAD/CAM

mformatlon of a general nature. This will include papers on CAD/CAM usage in

‘Canada ‘and in other countries, including case hlstones of specific appllcatlons, B

listings of supplier capabilities in Canada and currént mformatlon on WOI‘ldWlde
CAD/CAM activities.

. The maln channels for making this information -available ~will

-normally be through .established journals and trade publications rather than by -

' dlrect mailing, and through co- sponsorshlp of conferences and seminars.

Two publicafions on CAD/CAM, prepared prior to the council's

formation, are already.available at no charge from Publication Distribution,

~Department of . Industry, Trade and Commerce; Ottawa KlA”OI—I5.~.° The first,
entitled "CAD/CAM and - Canada", is a reprmt of articles on’ CAD/CAM

applicatxons in Canada. The second "Computer Aided De51gn and Manufacturmg

in Canada" is a directory of firms and orgamzatlons in- Canada supplying

CAD/CAM products and services. A new -series .of articles on- CAD/CAM. :

applications, with emphasis on economic justification, has been commenced and

will’ contmue to appear as appropriate materlal becomes available, mostly in the

following journals and eventually also in collected reprmt form. Contnbutlons

~ from authors for this series are welcome.

| Journals curr.ently pal-tici;')"ating irl:the CAD/ CAM series of papers.
- CahedlehiMec_Hinery ah_cll\/letal we_rlﬁing ) :
- .Canad.i.arj Data Systelns

- ..Canadian -.Controls +_Ihstrurﬁents

- . Materials Management and Distribution
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'~* _ Design Engineering
- Engineering Digest.

Although there are 'dlfferences; certain analogles or llnkages of
' 'hlstorlcal srgnlflcance have. been noted -and can be. drawn between .process -
computer control systems and CAD/CAM systems. '

| 'Figure 2 presents data on the -introduction of process computer
control systems in Canada- and elsewhere. - The -data is interesting in that it
shows a rate of growth in Canada similar to the USA, but with delay in starting
" and a phase lag of -approximately 4-5 years, especlally at the outset. As time |
- progresses, and-the numbers increase, one might expect‘to_ see the traditional
| 10:1 ratio attributable to the relative sizes of the economies.. The data indicates
a 10:1 reduction plus a 3 year phase lag in the intermediate years'; cventually'-
reachlng a 10:1 ratio and- with little ‘additional lag some 10- years after the
technology introduction. first began. The lmportance of. minimizing' lags .in -
technical deyelopment_ has already -been cited "above. - In attempting to
aCcelerate“the‘lntroduction of a new technology, there is substaritial leverage in
attempting ‘to do so by the provision of information Wthh w1ll reduce the tlme

lags espec1ally in the early formative years.

Figure 3 illustrates another phenomenon exhibited in the introduction
of new production technology ~There are three phases or stages to- thls process

which can be represented as follows:

Ph_ase 1 - The R&D phase_ - Mo'st_- technlcal; advances,{lncludlng process
- - computer .control app-llcatlons,' started-thls"way'~ for: the first

o »_erw installations. Of.ten called "green-fielding", somebody had

. to try” the new unproven concept simply to see if it could be .

made " to . work. Somebody had to be first.:.. Usually if-new. .

o techniques aren't tried this way, they don't start at all.
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>

Phase 2 - The detailed economic justification phase -.In this'phase all the
' expected results of each proposed project must be predicted as
accurately  as possible, their lmpact' on current operations -
- estimated in financial terms and compared to the development

cost budget ‘

Phase 3~ - The proven system stage - After man'y successful i‘nstallatlons |
| | have been - reported and - accepted the -once ploneering
application now becomes accepted as a way of life. Once a -

large number of people are using the technology, including one's

"competitlon," and obviously in a successful. way, len.gth,y

justification studies have lost their place. . It becomes more

important to get on with the job, to get.new systems installed

~and operating, than to collect and analyse data in a conjectural

way.

Figure &4 illustrates that process computer control systems in the pulp‘

(42)

and paper industry have followed- this. trend The dramatic change in

" installation rate, amounting to a"snap-action", on transition fromthe economic - -

Justlflcatlon phase to the accepted system stage should be noted. - In‘pha'sel 2 by -
comparison the number of new installations is’ still llmlted by numbers of
‘available people and by cautlon - - le. 11m1ted by the number of knowledgeable :
:people available to do economlc Justlflcatlon studies "and" by management
1nsecur1t1es or caution. On reaching phase 3 this constraint is: largely removed - -
Abecause such ‘detailed economic justification studles are no longer needed. A
- completely different rate of orders, installations and use of . the technology then
‘results. Suppliers who base their market and sal_es.prOJectlons, in the traditional
way, on a'linear -extrapolation of. paét experience can be. caught quite unaware by
~the user sudden acceptance and forward surge in: market activity. *Users,
espec1ally small companles, also find it dlfflCUlt ‘to foresee or forecast the
transition accurately, .because _they-_cannot ‘be e_xpected. to -be aware of
breakthr'oughs coming in the ‘supplier's technology or to be aware of industry’
trends-as a whole. .Hence a~,dr_,amatlc "CAD/CAM revolutlon" ‘can be about to

-take.place', even though many potential users in the--manutactUrlngindustry are-
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un'éWare” of it. Only fhosf: very close to the leading edge installations may be iyn
- a good position to anticipate and: predict the trénd. One takes note, therefore,
of the statement by the président of General Motors,' Mr. "E M. Estes. "I fhink it
is fairly safe to say that within 10 years computers will control about 90% of all

- the new machines in'G.M.'s manufacturing and assembly plants“(26)

‘One of the subtletles associated with such a pervaswe technology,
I. -w1th such a diversity of applications, and with contnbutlng developments taking
place and in motion in so many separate places,.is that it is easy to think that
" not much is happening, when in fact a tidal wave of change is approacﬁing. The
"fully automatic factory" may be only a concept, or may only be realized in a
few specialvcas‘e:s.- How.ever' on a narrower -front. the marriage of computer

operated production equipment with computer' p'rogrémmed ihdustrial robots and

other materials handling equipment. into sub-systems known as manufacturing

~cells or "flexible manufacturmg systems" could become a w1despread reality. in

' the very near future. (27, 28)

CAD/CAM is expected to have a \Vldespread impact on the Canadian
(29) These
estimafes have been arrived at by considering jbintly the economic contribution
of -each sector to the total GNP, and the probable 1mpact of. CAD/CAM
- technology on that sector. '

"~ manufacturing industry- spread across many sectors as follows.
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Manufécturing Industries

Transpoftatioh Equipment
" Metal fabricating industries
Electrical producfs industries
Food and beverage mdustmes
anary metals mdustnes
Paper and allied industries
Printing, pubhshmg & allied mdustnes
Leather, textile, kmttmg, clothing
other manufacturing industries -

- Construction Industry -

Transportanon, Storage and Commumcatlon

Wholesale trade
" Retail Trade

Public Administsration and Defence

All other, not speeiﬁ'cally identified above

- Total

VW W N W R W o N 00
W NN O NN W

% of total impact

49,1

8.l
11,0
-10.9
5.5
6.0
9.1,

100 %

- It will be noted that the above figures give: estimates for the relatlve

"1mpact of CAD/CAM technology on ‘major ‘sectors of the economy, but do not

‘estimate the magmtude of the 1mpact in absolute terms.-
"dlfflcult to estimate. ‘It has been the sub)ect of a ma]or study m the USA

This 1s ‘much - more

(30)
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has been the subject of much discussion and debate in other countrles, most
notably the U.K. (31-36) . -One writer, highly familiar with the U.K. evaluatlons,.
sees the Canadian manufacturing industry as being. particularly vulnerable to the

negative effects of the micro-electronics revolution unless strong and immediate

measures are taken to adopt this technology(37)

A senijor- computer 1ndustry executive in the U.S.A. cites the
computer as a vital factor in product1v1ty improvement and est1mates that over
the last decade computer usage has provided at least 15% of the 2% annual
growth in productivity in the. U.S.A. He further estimates that this can be
improved even further due to. new computer  price/performance ratios being
achieved, and that an incremental percentage pomt 1mprovement in product1v1ty-
achieved in this way could accelerate economic growth in the USA sufficiently:

to drive unemployment down to 3.4% by 1990(38).




-17 -

* A Comparison of CAD/CAM and Process Computer Control

_ - It is useful to conslder some of the slmllarltles and dlfferences .
between CAD/CAM and process control. As lndlcated in"Table IV both are real
time, embedded, computer implemented, systems._ The term "embedded" means‘
that the.computer is not employed: in a stand- alone\ conflguration,' but is-

-employed within a system configuration that_in_volyes_» other types of equipment .

as well. Increasingly, and especially  with .microprocessor applications, the

computer's presence may not be obvious to the eye since it may even: be

contained within other _forrns of equlprnent, instrumentation, machine tools, test.

equlprnent and so forth. Both process control and"CAD/CAM 'systems use sensor

. based« inputs, but these account for a greater percentage of the input information
prooessed'ln process control applications than in CAD/CAM. In CAD systems .
much of -the .initial input .information is of human orlgln Howevef, as the -
information handled progresses through the varlous stages of the deslgn process,

. there is an expanding data base of 1nformatlon to be handled, in which more and

- more information has been computer generated in previous: phases. Consequently
a dechnlng percentage can be attributed- to the initial statement of requirements

and human input that initiated the process. Thus data base design is:much more

important in'CAD/CAM, and a much more severe system design problem,‘than in

process control.

In ptocesSs control the computer outputs. are -mainly transmitted to

electromc instrumentation controllers, or to ‘valve actuators-as in the case of
direct digital control (DDC). A reasonably well developed systems methodology_ :

has developed in this area, although itis by no means stat1c or complete.(39)

. Most CAD systems 'today still ‘produce draWings and other forms of -,
" hard copy output as an essential communication media, although the llnklng of |

. the- CAD output to the CAM ‘input, and subsequent elimination -of drawmgs and

~ paper as an- unnecessary -1_ntermed1ate--.step, has-been undertaken -in selected
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instances. A notable e’xarnple in Canada is --an‘integrated CAD/CAM system for

(40).

the design and production of dies used to produce aluminum extrusions

A srgmflcant dlfference exists in that application. of _process control
~computer systems, at least:in the initial 1960's development perlod were almost .
exclusively restrlcted to large scale plants and processes. “Only large plants and
ma]or _processes, Wthh were already capital. ‘intensive rather than "labour
intensive,. had the volume of product throughput: necessary to achieve the- savings
: necessary When the minimum prlce for a process control computer system was
$250,000, savmgs 'in the order of $500 per day were essentlal(“).. Unless the
process to be controlled had a product value throughtput in-the order of'$l5,0QO
per day ($4 million per year) or more, it was' not-likely a candidate for computer’
control. Reductions in the cost of compurer systems by a factor of 10 to 100
‘have totally altered that situation. Computer aided Amanufacturing systems are
now reaching the discrete parts manofac‘ruring indnstry and other sectors which"
are much less capital intensive, . Because of this, ‘the socio-economic impact of
© CAD/CAM - ca_'n be expected_.to* be much greater- than has been the case for
‘process control.'-_ Thi'_s is a two edged-l‘sword, because .it can. 'el_ther Create new
wealth and -employment, or particularly if not used, could be-a major cause of

. non-competitiveness and economic decline.
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Conclusion

Smce 1959 the technology for the apphcatlon of computers to the

- real time control of Lndustnal processes has been under continuous’ development'

Dramatic reductlons in the cost of computers have taken place and today there.

is a-much greater capabmty worldwide for the 1mplementatlon of such systems. .

Inltlally, and for some time followmg, these appllcatlons were llmlted
to capltal intensive processes which alone had the high production. and value of
product throughput necessary to achleve the substantial cost savings which would.
- 'then make'lnstallat’lons of expensive COmputer hardware economically attractive
and worthwhlle. Consequently, savings lmtlally were primarily due to more
: efﬁc1ent use .of the plant, materials and energy, or lmprovements in quality
control. - Since these | plants -and' processes were generally already hlghly :

‘mechanized- the labour dlsplacement effects were relatively mlnlmal

Reductlons in the cost of computer systems: have now taken place
Awhereby appllcatxons of computers to the direct operation of production
- processes in secondary manufacturmg is now possible and has commenced on a
wide scale. Improvements in productivity even greater than before -are likely.

However, the labour dlsplacement effects of this new wave of act1v1ty are llkely

to be much more sxgnmcant, because" the- manufacturlng and other processes

affected are much less capital intensive than before.

" The ‘successful introduction . .of this. technology ‘into _a national
‘economy requires an optimal strategy because-it-could be overdone-_or underdone.
" -If " underdone, the manufacturing ‘industry could -become" “internationally

non~competitive; “Exports would fall, and imports would'rlse '

“The effects :may. be - .clearer  to 'vlsuallze_ if a single firm or

organization is considered. If the competitive ‘sit_uation'becam'e‘acute':'and the
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“firm 'could not sell 'its' .prvoducts, .eyeryone in . the. firm. could face a ‘loss of
employmen't_. - Alternatively when the new technology is applied, and productivity
- improvements realized vthe labour dlsplacement effects .are,vllimlted'toa--much
smaller number of employees If at the same time the new productlon efficiency
‘is used to enter new markets, and make possible the production of new- products
and serv1ces, the net.lmpact can be positive rather than negative. - It is also a
dynamic optimal. control '.prololem because . timeliness is important. Phase lags

- . due to technology transfe’r;and more importantly-technology diffusion, could be |

highly detrimental.

The desired positive outcome can only be achieved if there is a very
full and widespread understandlng with' cooperation and support by . 1ndustry,

government, labour and the publlc at large

-One has only to look bacl\ to the time when entire populatlons were
engaged in meetlng basic needs for food clothing and shelter, and then- to
-consider the advances in product1v1ty that have taken place, to reallze that our
whole soaety today depends forits very existence on the development and use of
the technology which has made it p0551ble. How else- could we afford t1me for
" the pursuit of arts, craft, literature, hobbies, sports, entertamment, leisure and

travel? -How else could society. afford and establish all the capital investments

- and serv1ces that are. ours to use and enjoy; roads, hlghways, homes, bu1ld1ngs,

schools'? Because iuch of what we see today beoan before we were born, or has

been built by our fellow citizens, it is easy to think of expectlng these things as a
right rather than as an earned privilege. It may seem ea51er to think of
.demandlng ones "rights", than to recognlze and focus on.the’ ba51c means- of

production. -If we are to have wealth to distribute in the’ future we must focus on ..

- the mechanlsms for the creatlon of wealth, as much as-on-the mechamsms for its
dlstrlbutlon. . That means there must be a ¢continued. development of technology, _
innovation and an attendant reward for t‘lSk
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' CAD CAM TECHNOLOGY ADVANCEMENT COUNCIL

“Terms of Reference

MAJOR ROLES

_ '_To prov1de a focal pomt for the acqursltron and dlssemmatlon of
' _1nformat10n concernmg these technologies. ~

To identify general areas where Canadian industry can successfully
utilize these technologies and to make- these opportumtles known to
: both potenual users and supphers.

To recommend -possible actlons to. encourage the rapld adoption- of

. these technologles.

ACTIVITIES

To’ prowde a centrahzed source of tlmely knowledge about. ex1st1ng.
. -technology, including the assessment of technological .development
- abroad; and to publicize. these findings through semmars, meetmgs,.

pubhca‘uons and other forms of media.

To. promote liaison and constructive workmg relatlonshlps ‘between -

the various interested parties capable of contributing to the greater
use of these technologies by Canadian 1ndustry through seminars,

-workshops, and formal. or informal meetlngs, in co-operation with

existing professional and 1ndustr1al associations and soc'etles where

- p0551ble.

To maintain liaison wrth forelgn orgamzatrons and associations which

are ‘engaged in fostering technological -improvement and increased

-.productivity’ in manufacturmg, through the appllcatlon of .these .

technologies.

To undertake studles or 1nvest1gat10ns to 1dent1fy general areas in
- Canadian industry where economic application of these technologies.
‘are! possible "and - to commumcate this 1nformatlon “to- 1nterested
' parnes. :

: To make recommendations to the\Depértmenfof Industry, Trade and

Commerce regarding - initiatives -to. encourage the use of these

technologies, and to- stimulate the design, development, production
~and marketmg in Canada of the related products and services. o
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MEMBERS OF THE CAD/ CAM TECHNOLOGY ADVANCEMENT COUNCIL

J Nassr (Chalrman)

- CAPCL

Montreal, Quebec

J. Davies
Maclean-Hunter Limited
' Toronto, Ontario

‘R. Fleldmg
Alcan Products Limited
Kingston, Ontario

W. Beairsto .
Canada Systems Group
Toronto, Ontano

H.T. Watt

- Computer Assembly Systems Ltd.

‘ Brockvﬂle, Ontario -

J. Kershaw .
‘Chicopee Manufacturmg
Kitchener, Ontario

A.M. Lount -
~-CADSYS Limited
Edmonton, Alberta - -

" J.K. Pulfer . -
National Research Counml
Ottawa, Ontario -

- J. Scrlmgeour :

Department of Indus»ry, Trade
and Commerce

Ottawa, Ontario

B. Smlth

"Bell Northern Research
Ottawa, Ontario

.F. O Price (D. Dunbar)
for -Canadian Manufacturers Assocxatlon
'Toronto, Ontano ' S

" Professor D.‘ Bonham

University of New Brunswick

‘Fredericton, New Brunswick

- J.E. Crozier _

McMaster.University
Hamilton, Ontario

i;'I.R. Dickinson .

University of Westernh Ontario

- London, Ontario

Professor D. French

"~ University of Waterloo

Waterloo, Ontario

N. Gardner

Department of Industry, Trade _

and Commerce

- Ottawa, Ontario

J. Vincent , '
Department of Industry, Trade
.-and Commerce

-QOttawa, Ontario
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Table I

SUMMARY OF CAD/ CAM TECHNOLOGY

Compufer.Aided Design - - = .Product design and -analysis 1nc1ud1ng graphu:'-

design, funcnonal analysis, stress strain
analysis,” * heat ~ and material balances,-
. simulation and modelling, data reduction and
analysis and cost estimating: of the proposed
. product or system to determine. fitness of
purpose and' ~economically - optimized
production. S o -

Customer Order Handling - - Record keeping, trackmg and reportlng on the
' . ‘ status .of individual -customer orders,
particularly when part of an 1ntegrated on- Ilne

- system.’

Production, Material & - Scheduling and information handling pertaining
Inventory Control . _ - to material requirements planning, inventory
~ control, ~facilities -planning . and .. order
scheduling, particularly when related to.an

1ntegrated on- 11ne system. :

Automated Production: = - 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 (all- of - these exist and are - under
~ further development) :

Automated Material - _Integrated. matenals handhng usmg computen

~ Handling. o S - operated conveyors, robotic unlts, etc..

Automated Testing - . Automated 1nspect10n of . machined parts,

o o ' testing of electronic.components, circuits and
products, automated material inspection and
.grading using sensor based computer systems,
pattern recognition.

Automated Eackaging - jConﬂputer implemented . coordination of

. material ~and “information in-.packaging,-
~. bottling, labelling and weighing systems. ‘

Automated Warehousing - - ‘Computer implemented order: plelng and
‘ material handling -for: both: work in progress
‘inventory and . finished - goods '-inventory.

-~ Automatic label reading, routing of packages,.

~parcels, baggagé -in shipping, ‘sorting and -

distribution centers. '

”'No‘.ces: S CAD/CAM technology w111 y1eld its greatest economic and’

,productlwty gains when all or most of the :above application
" ‘areas. are-married or Jomed together. to - form an mtegrated’

system. Hence there is a strong development trend. in this

“direction.. o ' . -
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T

"SOME SIMILARITIES»‘& DIFFERENCES BETWEEN CAD7CAM AND PROCESS CONTROL

Attribute

: .Computer' implemented
Real time Sytem

' Embedd'ea Syste.r_n

Sensor based inputs

Input of human origin

| Expanding data base

-Process control

QOutput interfaces

Predominant user. industries

~ -~ Socio-economic impact

Main period of p_ion.éering_

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;stat-ions, valves,

" etc.

Chemical, petroleum, steel, i
‘pulp and paper. :

- Modest

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 handl-
-ing, timing, release

etc. of large volumes

.of information,

Plotters, machine tools,

.wiring machines, flame

cutters, robotic units,

‘automatic test equip- -

. ment. o

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

" Much large.r’

1975-1990
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Fig. 1 --The»Expanding Base of ‘Computer Applications

Early Research Projects.
. L Lo (& ballistic missile calculatlons etc.) -
Early University .

Installations

First Government, Business '
and Industry -installations

Miﬂi'Cbmputér»Applicatidné

Terminal Oriented Applications

Microcomputer Applications

“Future Applications ?
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.' - Fig. 2 - Growth in Process Control Computer Installations
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Fig. 3 - Phases.in the Introduction of a New Technology -

L

{ Phase 1- ~"Phase 2 . . Phase 3
| Early Detailed Widely Accepted.
-'Pioneering Economic - Justification . '
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|
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Fig. 4 - Growth of Computer Applications in the Pulp . -

and Paper Industry

el ed el

(Reproduced by -
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_from Reference 42)
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