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Cette itude analys. la ditfusion des .achines-outils 8 ( 

èOJl.ande numérigue da,ns soixant fi~.es d'ingénierie et dtf,_., -;;. '. 

\ lIê:,allurq ie du QUébec et de, l'ontario. Les données 

nécesiaires ~ une évaluation critiq'ue d'e "l"analyse du 
• t • 

o 

'0 

processus du tr~vail et de la théorie de la diffusion \ 

économi9ue ont été obtenues lors d'entrevues avec 1es 
, .. 

directeurs de la production: La décision de 
. , 

l'adllinistràtion en ce gui concerne l'adoption de la . 

t~ci.Dol~q ie~ commande nu. é ri qu e est g.id é e ~.r d ~s çr i ~IÎ r e s.· . 

techniques, cOe qui n'est pas le 'cas de la théorie du 
Il> 

processus du travail. Cependant, la théorie de la diffusion , , 

économique sous-estime l'ampleur du .angu~ de connaissances 
, , 

de l'industrie en Jlatiére de nouvelle technologie, les conts , , ' 

et le 'te.ps requis pour faire l'apprentissage d'une 

technoloqie nouvelle, l~ co.p1~xifé de l'6volution 
1 __ ~~c ~-

techno1oqique, ainsi que la diversité des applications et 
f 

des .étho~es d'utilisation d'une technologie particuli~re. 

<>. 

,.... " 

This study analyses the diffllsio~f nu.erica~ly controlled 

machine tools in ffixty Quebec and Ontario enqineerin~ and 

.etalvorking fir.s~, Interviews vith production management 
., j:>.. ;':: 
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provide the data for 'a cri:tical e'lal.u.ation Of 'lâ'bour procèss 

analfsi8 and ecoDo.id diffusio~·theorJ. 
~ • \~ r 

, , 

declslons to ad~pt Duaerical cODtro~' tecllnology a.t'e foun~ to 
l " , 

be quided bJ-tachnica~ criteria, contrary to labour p~ocess 

theory. Hovever. eco,no.ic~~iuSiO~ theOry ... iS, fftnd t,o 

underes~i.ate the extent of iaperfections of knJwledqe ,of 
t 

nell technology l,n indu.stry, the leD,9th and costs of leclrniu9' . . 
.") f ~ ~ 

to u.se' nell technolog.y, the c~aple~i ty of techllai~<Ji~a 1 

e~o~u~l~n~ and the diversity of applicati~ns and •• ethods of 

usa of a par~icular technoloqy. 
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Chapt'er 1: Introd~ction(-

...... 

.. 
• 

The techno~ogical developments associated with,thè" , , 
- \ 

emergence of the,microprocessor.have generated ab,~xten~lye 

~iscussion about the cons~mputerised 
techn0logy .. ' Proj ections of catast~ophic ef:Bec-t:s on 

.e~oYment l:vels ~Jenkins ~nd s~ermanr 1979; Nora and ,M~nc,. 
• .I!' .." 

1980), of~the rise of novel forms of social pathologies 
.. 

~(Weizenbaum, 1976), and-of authori,arian tendencies in 

political and economic organization (Bodington, 1973, 
~ t ,. , 

, 
" Webster and Robins, 1.981), of widesp.ead job dis·satisfaction ' 

.. - • l' • 

, 

.. ( 

,and deskilling (~ureik 1983); have compêted with utopian - . 
pictures of abundance and leisure (Bell, 1974; Gor'z, 1982). " 

w~~e~much >uf this {iter~ture often merel; repeats the 
.... . 

pessimistic speculations of the fifties' debate over 

automation, sorne em'piri.c'al analysis is now ;begOinninga fo .. 
, f1 .. 

accumula.te (1). Two lines of 'Tesearch ,in particular have 
If • 

:t;ocused upon ,the.' development and application of computerlsed " 
,\ .' . 

technology in manufacturing.~ The first line of research 15 

the 
1 

'and 

~ ~ 

established tradition of economic research on innovation 
\ ' . 
diffusion l~rgely originating with schumpet~r's ideas on 

" ::..- ' ) 

business~cycles and, the role of the entreprene~r 

( Schumpeter, . 1939 ).-' The second 1ine of r~7~h '1 s the .. 

0,' 
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Marxist sociological focus on the industrial labour PFoc~s 

inspir'ed by the work of Braver;man (1974). In thi·s sbupy l 
J) 

J ' 

havEf attempted ro ~valuate. the 'diffu~ion and the laboUl:' 
, 

proeess theories of technical~change by e~ami~ing the spread 

of numer.ieal control (Ne)' teehnology (2) -in '60 engineering 

and metalworking firms located in Q~ebec and Ontario. . ' 

.NC techn,\lo9'Y has attrac"t.ed. Cionsid~rable attention 
.. ' / - -.- , # ',.. 

from both orthodox economic 'analysts of diffusion and labour 
, . 

r • 
.. '-. c 

proeess W'r<J,. ters-. 
\ 

1 

l shall firs~ critically evaluate th~se .. ' ., 

\ 1 two approaches to tec~~ologie~l dif~us~n in i~dust~y in 
1 

.Chapter 2, and argue that neith~r has qeveloped an adequate 

mode'l of mar-lageri'al orientations towards and decisions about.""" , \ 

contemporary computerizêd manufqcturing technology. l shall 

argue that both the diffusion and the labour process . , 

coneeption~ of ma:nag'erial decisi~n making see -technological 
t 

decisions in too simple, too general and invariant termsi , 
that they do not investigàte in enotl'gh detail the specifie 

technical adv~ntages computer technology has for different 
J, 

forms o~· manufacturing (~ithin engineering and 

metalworking) i that these variations can accoun1J. for much' of 
ç 

the different levels and forms of use of the technologYi 

that neith~r appr~ach \akes inta, aceount changes in 
a 

teehnology as it diffuses, and the ways sueh ehang~s affect 

2 
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. . , . 

- tl,le technolog:v.' s applicabili ty in differ~nt production' 
, ~; . 

b, 

. 
areas. o 

In order to study the'hypothesized variation ln the 
\ .., ,~ 

specifie techni,cal" a~vantages _ t~a:t computer technotogy has 

for different branches of engineering and 'mettlworking, a' 

large sampIeoof 60 firms was selected from different fields 

.qt engineering and metalworktng in Quebec and Ontario. 

These companies also tliffered in size, and in the extent of 

use and leng.th oaf exp~rience in workili.g wi th riumerical 
, 

~ . 
machine " control tools. • 

ob.ta:ik information w'i th 
) 

To enoùgh detail about 

managernen~~s decisions concerning equiprnent investments l 
f.. fi) -

• r.:: A

, .. _....:~ , 

adopted an in~depth inteTview approach which ailowed'me to 
f; ~ h '\ ." 

probe the !e,asons fo~ the adoption of eac~ ~ t.ool and the 

Î'; P experiences wi th Ne technology. The resul ts of these 

.' 

'0 
) 

interviews are pr~sented through extensive quotation of the 

informants ~n' order to provide the detailed documentation of 
i 

~ '~anagement perspectives and approaches ta the adoption and . ." 
use of new technology. 

) 

Rich, in-depth detail was sought 
\, 

after in order ,to discover the'cornplexitie$ of technological , 
\ -

decision making which l considered to ,be ov~rlooked by b~th 
L ('""" 

the diffusion and labour process writers. 
" 

, ' . 
The interviejw 

technique and rnethod of data pre~entation was designed t~. 
~ f4. '" 

3 

'~ 
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overeome t~ lack of sueh detail found in diffusion 

studies using telephone interviews and forced eho~ce survey 

.-'~- techniques, and labour process studies which used trade 

1iterature and fragmen:ary manageria1 stktements. The .... 

interview data is also presented and analysed through the 

use of tables providing frequency distributions aCQording to 

firm size, branch of engineering, and tim~ of adoption of 
, 

NC equipment. This simple mode of presentation is 

necessitated by the purposive hature ot the sample and the 

qualitative data obtained from {he interviews, but is useful 

in summarizing the find~ngs so that'general' patterns ean be 

documented and interpreted .. 
\ 

In addition to the analysis of field work data, 

historical evidence of technolGgical diffusion and change is 

examined through an analysis of writers such as Landes 

(1969) , Noble (198~, Rolt (1967) and Rosenberg (1982~,. In 
• Q 

1 

particular the historieal analysis in Chapter 4 ~ooks at the 

major changes in Ne teehnology whieh have occurred sinee its 

pioneering development wi~hin the aircrart industry. This 

evolution is plaeed in the'broader eontext of the pattern of 
• 

technological change characterising machine tool desi~n 
'1" 

sinee the dévelopment of ~ass production metalworking in the 

early' nineteenth century Uniteà States: firearms indu~try. 

D 

" 
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. ( This historical account emphasizes the parallels between 
./ 

• 

contemporary technologi~al change associated with ,. 
< 

computer~zation and technical changes in nineteenth and 

earlier twentieth century manufacturing. This avoids the 

tendency to assume that dramatic changes in manufacturing 
1 

technology, are only asso,diated wi th the mQst recent chan'ges • -'" . 
comprisimg the '~ic~oeléctrc3nics r'e\r.olution .... Mor~over, 'the 

J 

historical information provides additional ,weight to my 

argument that both diffusion an~ labour writers oversimplify 
"-

the processes of techn~ogical diffusion. 

~e substantive chapters present the results of~ 

investigation, proceeding from the processes of i'nformation 

gathering -- the first stage in diffusion -- to the impact 
l ' l , 

of Ne technology. on labour relations. Thus Chapter 5 

ipdicates that the ~ost of different information sources 
, . ~ 

accounts for the variation in sources used by different ..... ~ . ' 

sized firms in monitoring production technolp9~~and in 
~ . 

, ' 

~btaining detailed information in order to,pnrohase machine 

tools. The evidence in this chapter,suggests that smaller 

firms'experiençe greater constraints in obtaining 

technological information and that/ consequently their 

investment decisio~ are more likely to, be affected Py 
chance and short run considerations than is the case w~th 

5 

" 

\ .. 

1 
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., 

'1 

.., 
larger firms whose acquisitions are more optimally planned. 

1 
\ 

The evidence in this and the following chapter suggests . , 

that, ih sma~ler firms, th~greater constraints on .... .. ,. ". 

, 0 • 

, int;ormation gathering, the smaller managerial--and time 

r~sources available for long term.planning, and isolatton 

~Fom ~er Ne users, produces more incidents of less than 
/ '0 

optimal equipment purchase. Howe~er, larger firms have born . ~ 

the costs of experimenting .with and d~veloping the first 
~ 

generation of nc machinery. Further, over time, learning by 

using occurs res~lting in both commynication with machinery 0 

builde,rs resul ting in design improvements, and improvements 

in aIl flrms' abilities to use the machinery with increasing 
• efficieney .. This information indicates thqt the adoption of 

new technology is, at least initially, characterised-f~ high 'J 

levels of ~ncertainty in which "s~tisficing" 'rather ,th~n 

optimizing decisions are made at best. While over the long 

run l gains in inf"b:rmatiO{l and·expe'rience.with using the 
(,. 

machinery reduce 'much of ~he early uncertainty, changes' in 
( . . 

machine designs, programming" and controls occur at a rapid 

pace, 'introducing new probl~ms such as the optimal timing of 

~achine selection. The sources and extènt of uncertainty in 
. . • 

diffusion underemphasized by orthodox-diff_usion 

analysis which r sts UP9n neo-classical optimizing 

6 

) 

.' 1 
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\assumptions or models of firm behaviour. 

The core concer~of the substaptive chapters is to 

document the particular reasons offered for the adoption. and 
\, . 
use of Ne machine toois in different engineering firms, and 

to explore cha~ges in thesefreas~ns over time. While NC ha$ 

~spread from its originai location in the ai~craft industry, 

the reasons for its diffusion v~ry considerably across the 
. .~ 

different engineering subsectors. In my'judgement. the 

in~depth documentatio~ of these reasons displays patterns of 

complexity not adequately accounted for by either labour 

process writers of 'by.-orthodox diffusion analysi-'S .. Much of 

the latter is fl-awed by the "black box: problem, i. e. of 

failing to analys~production technolo~y in deta~. 
Consequently, it is often unclear ~s to precisely why the 

- , 
adoption of particular equipment is viewed pesitively and 

~ 

how it ig' supposed to be profitable. The reasons for the 

profitability of NC use varies in diff~rent branches of 

engineering and .metalwo~~irig, wi th diffe'rent sized firms, 

,and varies over time. 

A second p.rol:>lem with diffusion analysis is its failure 
..... . 

tO'develop "deviant case analysis," f.e. to. analyse failures 

in technological adoption and use. l have attempted to pay . 
detailed attention to instances ofOsignificant problems and 

• 7 -. 
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.. 

cases of inabili ty to utilize NC equïplnent weIl. Beca'use of 

the cautiou~, conservative pattern of NC adoption which . 
, 

predominated in my sample, outstanding failures seemed to be 
/ ' 

inrrequent. Where they did occur, they tended to be found 
) 

in the earlier days~of NC use, suggesting that a learning 
" ' 

process occurred. 

My informants discussed the reasons for NC adoption and , 
use in overwhelmingly technical terms -- pertaining to s~ch 

material conditions of production as precise tolerances, 

tough to machine materials, shape complexity, etc. ,Contrary 

to what one might~xpect fr?m labour process theorizing, 
, 1 

issues such aIs the costs -or recalci trance of Sk~lljd laboür 

were hardly ever mentioned. In Chapters 7 and 8, then, l 
'--, , 1 

explore in som~ depth thé connections between managerial 
.. 1('-

perspectives on and use of NC technology and labour 

concerns. Labour is treated as a fa~tor-cost issue in both 

the diffusion and labour process approaches but with. 
, , . 

considerable difference of emphasis. Diffusion ana,lysis , 

treats ~bour as one'of-several cost factors_and not 

_~e~essa ily the'mo~t sign~ficant proble~ inDmany areas of 
produc~ on. Labour process analysts view labour as thé 

primary focus of management ~c~tn{ \ This is bec~use labou~ 
, ~ 

is a uniquely "active" factor of production; potentrally 
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opposing all management attempts to rationalise, control and 

mon~tor work; and ultimately a potential class opp~nent to 

management in a broader pocial' ,sense. However, the balance 
, , 

of eVi?enqe which erner~es in this chapter i8 more supportive 

of the diffusion model than that of the labour proce~s 

writers. 

, My data demonstrates, first, the 'persistence of a 

variety of manning patterns .:associ'~ted wi ~h Ne l..l.Pe, wi thout 
l , 

any evidence of a clear deskilling tendency occurring over 
\ 0 

time. Second, Ne technology has not altered the traditional 
tI .... 

pattern of skill"labour demands i-p" engineering and 
.,.,}. .. 

meta~king. That is, the cat~g?ries of labour most 

deman;e~nd in short supply have rema~ned the same over 

past decade. Such labour skills as welding, machine 

.. ma'intenance, 'v t.ool- making and s,killed c·onventional machining 
-

remain the focus of recruiting concern in the industry. Ne 
r . ,-: ' -.. .~ 

technology does no~ appea~ ~o be gènerating any skill ~ 

,demands specifie to it. Third, incidents of trad~ 
. l 
union-manageme~t dispute in relation to nc installation and 

use are rare and, when they do occur, do not conform to 
, . 

labour ptocess conceptions. Tha~'~' the disputes do not 
\ ,~ 

centre prim~rily !round .deski~n and job control. Most 

d~sputes\ c~ntre on the rights of older workers ta remain on 
.--./ 

9, 
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j 
éonventional 'machinery, and mbst dis'utes haye been limited 

and settled without any major disruptions in labour . ~ 

management relat~ons. 

Chapter 9 reviews the data in relation to the labour 
" 

, process "'~m;I innovation-diffusion 
. 

theories of technica1 

change.. Fir~ l will argu'e'" that manageria1 concern with 

contro11ing thà labour process is rooted i~ the nature of 

,l 
markets for engineering products and 'in the technicdl 

.. 
characteristics of those prod~cts, and not in a concern to 

dominate labour or'to~eaken its b~rgainirlg power. The .. 
dlass interaction dynamiGs purported, to exist in the United 

_ ,J 

states by Noble and Shaiken, and in Eng1and by Wilkinson, 

appear to have no coùnterpart in the firms which l studied . 
• 

l 

Even with the adverse ec,onomic environment of the 1980s, 

when management concerns to cut costs have heightened, use~ 

of, Ne technology is not presented as a technique to be used 
. 

speciIieally to reduce labour complements or eut down skill 

requir~ments in the majority of firrns. 
. . 

Secondl~, l will argue tha~ the optimizing mode~ of , 

~ diffusion is ver~ prob1emâtic as a depiction of the 

diffusion pfoeess, at least in the short terrn. Early 

ad9pti9n of Ne is eonsttained by lack of réliable • perforrnJnce ~~forrnation on which to base cost estimates for 

1Q 
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,the utilit~ of the new machinerYi errors are ~ade in the 

• application of the machinerYi machine tool builders' claims 

• '~re often unrealistici early machine.designs have to go .,)1 , 
.( 

-ehroucjh a test period of production applications to " 
, 

eliminate design flaws. ' In addition, i~formation gathering 

costs as 'well as ease of access to ,suppliers, programming 

suppottsi and rnaintenârice sources constrain small firms' 

equ'ipment .selection for a longer period of time. Further, 

since NC technology has changed rapidly since. the 1960s, 

sorne of the c~)st~aints ~n optimal selection persist over a 

long period of time. The persistence-of these constraint~ 

explain the largely càutious and conservative approach to 

~he adoption and use of NC technology whlch charact~rizes my 

_~s~mPle'of firms. Such_constraints and the resulting 

conservativism ~n-diffusion suggests thatoorthodox diffusion' 
, 

analys'is, let ~:ilone the catastrophic predictions of the 

; 

impact of computerization, overestimate t~e ease 
, \ 

,rapldity with which new manutacturing technology 

and l 
sprea~ 

, t 

.i 

. 1 

11, 



c· t), 
\ 

f 

Footnotes 

1. A use fuI surnmary of the earlier debates and .research" 
into the effects of automation is found in Sadler (1968). 
Th~ same author 'has also compared the~urrent 
controversies with the earlier automation debates in 

2. 

" 

Sadler (1980). "_. -.... 

Numerical control (Ne) ls a technique for automating 
machining processes by feeding a ~rogramme of instruct­
ions through a control device which activates the motor 
drive speeds, cutting tool feeds, etc. ~unched paper 
tape was first used~to feed instructions to the contrôls, ' 
later' mylar and other more durable materiàls wer,e 
substituted; lafer still magnetic tape apd.then çomputer' 
disks or direct computer links by building microprocessors 

'into the controls or connecting with a mainframe were 
used to programme the machine tools. 
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Chapter 2: Numerical Control Technology, 

Diffusion and the Labour Process 
/ '4 .. 

Introduction 

NC te~hnology has attracted the int~rest of two 

different sets of social scientists; economic analysts 

concerned with diffusion of. industrial innovations, and 

neo-Karxist industrial sociologists interested in thè rol~ 

of technology in workplace relations between·managers and 

shopfloor w9rkers. In ,this chapter l shall survey and 
&' 

criticall~ evaluate bhese writings in order to provide a 

the~reticql context and focus for the research l report' on 

',_ in this thesis. l start out wi~h the ~conomic writings, 

looking at the general iS,sues in' eoonom~c analyses of 

industrial innovation and diffusion, and then disc~9s 

economic investigations of NC in .par~içular~' Following this 

o~ 

l shal~ review sorne recent,economic writers.critica1 of the 

dominant traditions of economic analysis of innovation and 

<llffû'sion. 
., -' 

FLnally, l shallDlook at Braverman and the'works 

by industrial socialogists attempting to apply his theory to 
)0 ,-

modern industrial automation and computerisa~ion of 

manufacturing. In conclusion l sha11 indicate how my study 
.. 

attempts to address certain issues arising from these two 
; 
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avenues of research.~-

Economie Analyses of Innovation and Diffusion 

.~ 

Schumpater's Approach 

-__ The causes' and conditions of technological innovation 

and diffusion have been an important issue for ecônomistfi 

and economic historians studying economié growth (Kennedy 

and Th{rlw~l, 1972). Analyses of these causes and ~ 
_J • 

conditions have been deeply influenced by Schumpeter (Kamien 
, -

and Schwartz,1982; Kennedy and Thirlwell, 1972, p: 58; 

Rosenberg 1976 pp. 66~70, 75-78). Schumpeter defined three 

phases in the process of technological change: invention, 
1 

~ innovation, and diffusion. Invention is an idea or model 

for a new improve~ device, product, process or system, which , . , 
may often be patented but does not necessarily leaq~ 

technical innovation. The latt'er oocurs with the initial 

,commercial application of the invention.' In principle, the 

process of innovation raises the level of technology to the. 
, , 

standard of best practice techniques. Diffusion is the~ ,.. 
process by which ,the invention spreads within and across 

" firms, sectors and entire economies. 

~humpe~er saw inno~ations as the core of c~pitalist 

economic life, and business cycles as the recurr~nt • • 
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fluctuations in the'rate at which innqvations are intxoduced . . 
- J ~ • 

, into t»e economy. Innovation coùld in~olve the development 

of a new technique, new product, new forms of business 

brgani~ati6n, or the'discove~y of a new market. Generally, 
t6 

'innovatiorls were associated with new entrepreneurs and f~rms 

which break thxough the established patterns ~f economic \~ 

activi ty ând establish .. a~...)1:tistoric and irreversible change . ~ 

in the way of doirig things" (1939, pp. 87-88). The success 
- 1 

of the first innovator encouras~~tation by many other 

entrepreneurs so that theJe 1s a wav~ of increasingly 

in'tense innovative étctivlty until "the '~innovation \eaChes 

sorne limit of diffusion. Thereafter th~ econorny adjusts, 

often~hrou~receSSion, -as the new production function • 

(i. e~' the ma-ocimu~ obtainable amount of product for any given 

; amounts o~ factor inputs, under a given state of 

technological knowledge) becomes institutionalized and 

• 1. f Id 
:r;:-0~t~n,4ze ( 1) . 

Schumpeter's analysis was 
, , 

innovations generating new production 

focused upon m~jor _ 

unctions and 

contributing to sha~p cyclical movements in entire 

economies. This led to an 9veremphasis on the "g-ales of{/, . . ~ 

éreative destruction" (1950, p. 85) where new technologies 

created entirely new indust~ies and products, and radically 
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" {, t' c ange econom~~organ~sa ~on. As Rosenberg points r out -

(1982,' pp. 6-7), however, such events are only a small par~ 
.\ 

-of technicâl innovation and diffusion, and several 
-

hi~torical studies have found lOng~~eriods of coe~istenc~ Of~ 

uold u ,and~HnewH generations of technologv, ~s weIl as m~ch 
, \ T ~. 

evidence for the incremental nature of 
[ .. 

productivity-~ncreasing tychnical ch~nge (2). 

'While interest in long term business cycles has 

reviyed, ~fter a periQd 'of neglect (BraCkb~rn, Coombs 

Green,' 1985;. Freeman 1983), SChuinpetef' s depiction of 

phases of innovation has been a' conti~~ing \ foc·us o'f 
\ ' 

investigation by econornists interested, in diffusion 
[ i 

and' 

the " 

(Kingston 1977, pp, 68-74; Mansfield 1968; Metcalfe 1981). 
1 

l_ . i 
~hey arg~' that diffusion involves three distinct growth 

\ ' 

phases which c~n be graphically repres~rted by a sigmoid 

curve (3). The first phase, the i9wer ~ail of the 'S', is 
1 

one of slow growth when innovating firms\ try out a new . \ 
technology. During this phase there is no established 

\ 

market and the industry supplying the new technology is 
/ \ 

( 

1· 

characterised by a limited number of specialized, pioneering 

companies " 

As the technology demonstrates its feasibility in.~ts 
" 

initial sphere of applicatio~ and additional applications 
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are! found, confidence gr?ws witpin the user group and so 
~ , 

increas~s the number of potential users. This process is 

responpible for the upturn after the long tail of the ·S~. 

The market n~!, grows to encomJass "early users as well as 

the original innovators. This is ~lso a shake out period 

for suppliers as sôme are able t0 grow with th~ i~cr~ased /{ 
~ 

. demands while others fail to'~ake the transition from 
\ l 

pioneer~ small scale production operations. 
( 

\ 

-phase Two is, a period of exponential growth accompanied 

by growing publicitrabout the new technology, whose 

suppliers now increasi~gly advertize their wares on a 
J 

national and international scale. The new technology is 

increasingly adopted by ~stablishea companies that have been 
"- l ' ' 

• able to survive by ~èntiluing to use an e~rlier generation 

technology because d\f their market dominance or sheer 

financial strength. Because of the latter, they are able to 
, 

- adopt the now proven new technology on a much vaster scale 

and reestablish their indust,rial dominance. --' 

F~nally, as the technology matures, it is "now used by 

\. t,ile majority of potential users and ha_s ~ecome accepted as a 

conventional part of production. The rate of growth of new 

~ppliçations, new mbdifications 9f the technology for these 

new applications, and of new users, slows down. Much of the 
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demand is now d~mand for replacement units rather than n~w 

units so that the supplying industry.'s rate Qf growth is now 

~ikely to be slower"than it was in the first phase. 

Innovation-Dlffusion' Ana'lysis after Schumpeter 

Ec~nomic analysis after Schumpeter has attempted to 

estimate technical progress as a separate item in the 

aggregate production function and to measure its 

contribution to economic growth (~chmookler 19?2, Kendr~k 
, \' 

1956) . This concern resultèd from the discovery that a 

large component of American economic growth could not be 

accounted for by increases in capital investment, labour 
t:,: ;\ ..... : .. '" 

force growt~, or increases in raw rnaterial inputs, 

suggesting that technological prog~ess must be responsible 
o 

for the residual growth. Sorne of these studies suggested 

thât as rnuch as 80% to 90% of the growth of per capita 

output in the American economy during the twentieth century ... 
could not be accounted for by inc~eases in capital per head 

but had to be due to som~ form o~ ~~chnical progress 

(Abramowitz 1956, Solow 1957). These findfngs and the 

associated attempts to precisely identify and measure 

~echnical progress encouraged the emergence of detailed 
, 1 

! stud~s of the conditions favouring' commercial innovation 
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and the spread of new technologies (4). 

Analyses of thesa conditions have largely involved . 

attempts to test the ·Schumpeter!an hypothesis· that size 

qn~ ,monopoly power e.ncoura~OlOgiCal advances. The 

results haVè been rather mixed. In reviews of the 
, 

literature Scherer (J9Joi and Kamien and Schwartz (1975; 

1976) have concluded that, in terms of the relationship 

between firm size and research and development expendi tures"· 
~ 

or patent output, only the ~hemical industry conforms to 

Schumpeter's.hypothesis. These writers also argue that the 

relationship ~etween concentration or competitiveness , on 

~he one hand, a~search and development , on the other, 
c:; 

is not linear. According to them, there appears to be an 

optimum research and deve~~ent level associated with 

market concentrations intermediate between monopoly and 
o 

perfect competition. 

However, Soete (1979) has argued against these 

writers. _ s~ues, they have no explanation f~r the 

finding that medium sized firms are more innovative and 
Q 

technica1ly progressive. Methodologically much of the data 

is also 1imited to the"1950s or earlie~r to a 
( 

~ignificant growth of industria1 concentrati9n dur~ng the 

19'60s. ~; innmi'ation and research and developme':!!:...... 
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activity is measured in these studies in ways which 

underrepresent large firm activity. On the basis of later . 

data and modified indicators, Soete finds that, despite sorne 

individual industry variations, there i5 positive support 

for t~e Schumpeter hypothesis. If his analysis is correct, 

as l believe it is, then one would would anticipate that in 

the field of engineering and metalworking, where s~all an~ ~ 

medium'firms predominate, technolog~cal innovation is not as 

salient as in igdustries characterised by large enterprise,. i 
t ' .. 

~d that larger firms in the industry should display a 

tendency towar9s greater innovation than smaller firms.' 
, 

_ Economie analysts have defined the fundamental issue in' 
,~ 

diffusion as why 1 if a new technology i5 superior, i t i5 not 

, 1 

taken up imm'ediately by Jill potential users. The pioneer in r 

this field was Mansfield (1968) who considered informatiQn 

and uncertainty as keys to explaining why it is rational for 

firms to not immediately switch to new t~chnology~ 

Mansfield develops an~idemic model" to apply to both 

intra- and inter-firm diffusion (i.e. the number of machines 

purchased by a single firm, and \ne number purJ'hased by an 

industry or sector'over time, réspectivelY.) In this 
. , 

approach there is'a fixed ~otential, number of users, the 

proportion of which are actual users increases over time as 
if 

20 
\ 

,J, 



o 
,0 

• 

an "epidemic· of le,rning reduces the uncerfainty attached 
, ~\ 

to the use of the new technology. The greater the extenj:."tof-. ,~ ',. --"'"'\ 
~ ,"-

·infection" -- i.e. t~e greater the extent of the firm's or 
ft 

sectoX;s proauction is generated by new technology -- the 

greater the rate of spread of that technology to hitherto 
/'-

·uninfected" regions, _ Acco~ding to this model, intra- and 

inter-firm diffusion will follow a logistic c(:ve. ~ 

Te~hnologies yielding higher expected profits with lower 

absoluteOcapital requirements will d~ffuse fas st. 

Industries that gain most profit from an innovation will 
• 

adopt it·faster th~n others. The rate of innpvation in a 

-particu~ar industry is affected by the durability of an 

i,ndustry' s capital stock, i ts rate of growth of sales, and 
~ 
its stage in the business cycle~ As a consequence of~ this~ 

/ 

set of factors diffusion rates wili vary across industries 

and technologi.es. ( 

J Mansfield's work has bee~ a pervas1V: influence on 

~ diffusion studies, but severai crit~9isms have emeéged~ 

Rosegger (1977, 88-89) points out that Mansfield'~ ~l iB 
• • > 

structured so that • spread by contagion· occurs within sorne 

defined entity, the ·population of ~otential adopters.· »ut 
o ~ 

~n industry is not a 

popu~a~ion of firms. 

static o~ ev~n a predictably changing 

On the c~ry, technological 
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innovations are recogn~sed pace Schumpeter) as one of the 

major means Di entry for new firmsi the failure to adopt an 

innovation may also lead to the forced exit of firms from 

the industry. In aqdition, not all firms in an industry 

make the same pr.oducts or use identical processes, but the} 

will consider 

conditions. 

~hifts in either or both ~nder. ~ertain 

Thus, wh' is a,potential adopter -o~ new 

technology is an empirical question and not a matter of 

prior assumptlon. Stoneman (1983, 74-77) argues that 

Mansfield is unclear on why and how the decision on use of 

'technology qepends on risk and profita~ility. Mansfield 

sees risk as related to uncertainty about the profitability 

of new technolo~~ and assumes that this risk diminishes with 

usage: But in Mansfield's model, while the uncerta~nty is 

reduced over time the firm's estimate of expected 

profi'tability does not alter oyer time. The firm merèly . . . 
learns that its initial estimà~e.of profitability was the 

correct one. This assumption of entrepreneurial omniscience 

is never justified by Mansfield. 

Gold (1981 1 247-248) argues ~hat Mansfield and most of 
, 

the studies influenced by his work have a static conception 
G' 

of a given innovati,on which diffuses 'across a population 

according tq changes in the' receptiveness of the prospective 
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adopters. The result of this weakness, f~rstly, is-that he , . ~ 

overlooks the probabil~ty of significant changes of ~e 

technology itself during the period of its diffusion and the 1 _ 

t 

way,these changes continuall~ .odify receptiveness by 
'~ 

affecting the costs and inputs associated-with adoption. 
~ ~ 

Secondly, neithér Mansfield nor later diffusion studies have 

ever provided direct profitability ,evaïùations by responding 
~ . 

firms (Ibid., 257-258). Third, that the survey research 

tech'niques ttsed in these 'studies usually involved counting 

the number of users of a technology without adequate 

supplementary indi~ators of the extent and nature of use and 

wh1ther ~uch use:represents limited applications of the 

technology or pervasive commitment (Ibia., 249). 

l shall return to Gold's critique o! diffusion studies 

later in this chapter, but first l want to lOOK at sorne 

studies of th~diffusion of NC technology. itself. 

The Diffusion of Ne Technology 

The earliesL study of NC technology was that of Little 

(1962) who looked at technical innovati0n in three mature , . 
~ 

in~ustries - textiles, machine tools, and construction: AlI 

of these industries had had few innovations with any major 

economic impact in over _ three deca'des. Innovations which 
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had occurred origi~ated f{om inde pendent inventiotIs, 'from - ' ... 
firms outside the industry, from foreign industria~ units, 

or from new small firms. 
-Several othe~ writers have documented the conservative 

~ ~ 

nature of the machine tool ~ndustry with respect to 
\. 

technological change. The pressures to change machl.ne tool 
~ 

désigns and te,?hniques have tended to éome from its major 

plient ~ndustr.ie~ such as firearms in the nineteenth cent ury 

the automobile industry iri the first half 

of the tw tieth century (Wagonner 1966, ch. 2), and the 

aireraf;!: . ~ustrT after' thejc,on~ Warld War (Noble 1984). 

INumerical cë~trol technolog as a case in point. The 
. l, 

development of the first technieal1y feasible NC mill , 

occurred as a result of ~he work of several M.I.T. 

mathematibians anft ~ngineers working under the spons6rsh~p 

of the United Sta~s Aïr Force. The lag between the first 

demonstration af technic~ feasibility and the unveiling of 
• 

the fir~t comme~cially available ne mill~ at the êhicago 
• 

Machine Show was only four years. This lag was relatively 

short for an indus trial product but follows a pattern 
, . 

associated with government sponsored . ,. ~ 
industrial4innovation 

and diffusion jMansfield,1968, 102). 

However, NC machines developed as a techno!ogy devoted 
'- w! 
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to Ihach:ining aeronautica,l components. Items suoh as 

helicopter rotor bl~des, jet turbine blades and housings, 

and nose cones, were characterised by'extreme complexity of 

shape and exac~ing tolerances and' surface finishes. Until 

the 1970s, then, Ne machine t~ols were largely used by 

,engineering firms building airframes, jet engines, and their 

component subassemblies . .Jf.\s a result studies of Ne 

• diffusion were limited in number and foéus . .. • 
Mansfield (1977,. 126-43) looked at the factors 

affecting the diffusion of Ne machine tools in 10 

_ manufacturing industries, using a samp.le of 140 firms. He 

found that the~iffusion of Ne followed the characteristlc 

logistic curve pattern initia11y predicted 6y Schumpeter for 

innovation patterns in general and round true of a va ri et y 

'of t~chnical \nnovations in later studies (Metcalfe 1981). 

The key variables positively 'associated with the adoption of 
, 

Ne were t;.he propot~ion of firms in the industry already 
-

using the ïnnovation; th~ anticipated profitability of Ne; 

and the size of the initial investment required. While the 
~ 

larger firms tended to be the' faster adopters of Ne and 1 . 
'within ~any one industry, t~e larger' firms were preponderant' 

among the users, __ it was in the .... less concentrated industries 
~ 

that diffusion of the 'new machining"technology more rapidly 
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occurred, within firms," the higher the level of education 

of management, and the smaller the number of managerE 

required to approve the purchase, the earlier the use' and 

the greater the extent of Ne use. Earlier users of Ne 1;leaoo , 

about the innovation earlier than later users. In other 

w0r<fs, the time lapse between knowin'g about NC and deciding 

to adopt did not nécessarily differ between earlier and 

later users. 

In relation ta production characteristics, NC was 
1 . 

regarded as unprofltable by management for very small batch 

production rUhs where conventional craft machining ~ethods 

held their own. Yet NC was als~ inapplicable ta very ~arge 

batch and mass production runs where conventional automation 

was more profitable. Numerical control machining was 

perceived as most llseful in medium batch production of items 

requiring high le~els of'precision. 

A partial replication of Mansfield's studies wai 

undertaken in Canada by ~loberman (1974, pp.33-62" 1975), 

who was primarily inferest'ed in the rela:ti~ve speed of 

diffusion of NC in comparison with the United States. 

Globerman found that Canada's_rates of adoptiitn of three new 

techniques in pulp and\paper processing, textile 

manufacturfng, and NC machining, were_slower than in the 
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United States. However, within Canada-a pattern of 

inter-firm differences in adoption similar to that found ~Y 

Mansfield was discovered. That is, the larger firms with' 

greater volumès of production_ and easier access to capital 

were the earliest adopters of new technology. The spread of 

NC use also followed this pat~ern. 

Globerman a:gued that\the slower overall rate \f' 1 

diffusion of NC in Canada reflected the smaller size~ 
Canadian tool and die shopsj the smaller production runs 

arising from the smaller scale of èanadian markets fo~ 

engineering products; and the lower le~el of tool and die 

maker wages in Canada. In contrast to ManSfijld, Globerman 
, 

found no relationship between NC use and the level of 

managerial education. Analysing the information provi~ed by 
\ .' 

a sample of non-NC using tool and die shops, Globe~man found 

ihat this group cited three major reasons ~or non-use. The 

most importa~t reason was the existence of inadequate ~emand 
.,. 

in the form of too short production runs for profitable NC . ' 

machining. Additional reasons for non-use were 
, 

unfamiliarity with the technology and the inability to 

'" 
finance the hi~he~aY 

programming ~dj un -\' . 

The final major study 

required for NC machinery and its 

of NC diffusion using th~ 
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traditional economic innovation-diffusion framework is that 

(;f Gebh1dt and Hatzold (1974;. who undertook a 140 firm, six 

country survey of the growth of Ne use in the ear~y 

seventies. They pointed to a cri tical difference .between ? ' 
~ 

and many other manufactùri~g innovations; in contrast to Ne • • 
-1 

most manu.facturing techniques generate a precisely defined 
- . 

product or product range. 
1 ~ 

uMachine tools, however, whether Ne control-
, lft=d or not, generally produce cerOtain parts 
or components of.extremely heteroge~eous 
and often very complex final products, and 
operate over the entire field of metalwork­
ing" Accordingly the diffusion of Ne is not 
restricted to specifie branches of engineer­
ing. This makes the measurement of the level 
and the speed of diffusion difficult, and 
th~ifficulties become even greater when 

/ 

... , 1 

i ~omes to international ,cqmpari,sons, or 
to the factors influencing this diffusion. 
The wide rang~ of application- of machine 
tools~ and the alinost infini te number and 
heterogeneous character of their products, 
further multiply the possible $ituations:and 

( 

\ the number of factors to be taken into 
account U (1974, 21). 

The number and va ri et y of potential Ne production 
o 

applications may account for the difficulties Gebhardt and 

Hatzold have in coming up with findï~gs about the causes and 

contlitions of nc d~ffusion which could be accounted for b? 

e~onometric ~o~els. It is just S~Ch dive,rsity' Whi~ led 

Gold and, Rosegger to question the Mansfield model of 

diffusion" with its assumption of a clearly defined,/stable, f -
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user population. For these writers, a tJthnology'S range of 

applications is likely to shi~t signif.icantly as early users 

expe'rirnent with it, rnodify the original design, etc., -so , ., 
-

that th~ 'population of' potehtïal users will also alter. 

Gebhardt and Hatzold raised yet another p~em for 
.. 

economiq analysisi that is, how. does one analy?-e a 

technology without a defined field of application. Such a 

situation could be simp~y defined as indicative ~f the 

technology being in the invention or very early innovation 

stage and so largely exogenous for economic analysis. 

However, Rosenberg (1982, pp. 120-124 ), argues that modern 

technical change in production incorpora tes continuous 

invention and innovatiol} during commercial a'pplication so 
f 

, that these s4:ages are not sa clearly delineated in actual , , . 
economic life as the Schurnpeterian tradition'pf analysis his 

, postulated. 

} Because Ne machine 
( rP 

, ' 

tools ha~en prornoted on .the basis of 

their advantages in rnachining small and medium batches, 
" 

specific sub-areas of engineering where this forw of 

.. production predominated were sarnpl~d by Hatzold and 

Gebhardt. Thus the rnakers of pumps, irnpellers (rotating . ~ 

blades used in mixing large volumes of constitu~ht 
. 

substances in paints, chernicals, processed fo?,ds, etc.), 
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turbines and printing machines were selected tQ re~ce the 

heterogeneity of the'metal wprking industries to a more 

uniform sector and to look at firms with comparable 

production conditions. 

Several factors affecting the dec~sion to adopt NC 

technology were discovered by Gebhardt and Hatzold, although 

the aifficult~es ofameasuri~'~Y of the significant ones 

prevented the development ôf, ah econometric model. 

Diffusion levels corresponded strongly with labou~ costs. 

In other words, the hi'ghe.t' the wage levels. the higher the -

proportion o,f Ne machines to total machiné tools in the 

sampled sector. However, o'ther labour market conditions 

were nJt so clearly related to diffusion patterns. ' The - ' 

authors argue that this is understandable since the 

"decisioR concerning çhanges in production 
techn}ques are very often influenced not by 
the shortage or abundan~e of labour in 
gdneral, but by the local availability or 
lack of specifie skilled labour .... ~he situat­
ion is further complicated by the fact that 
the introduction of NC also required operat­
ives specialised other than in metal working 
,(for exarnple, programnfers) whose availabil­
ity may be different from that of metalworkers 

:wi thin the same region." (1974, 40-41). ' 

"" Trade union resistance to Ne automation was not 

ev en 

significant, although isolated cases of oppositi6n occu~red 
." 

in the United States and United Kingdom (the two count~ies 
\ 
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with the highest levels of Ne use at the time) , and 

juiisdictional 'disputes'" betwe~n ll,.nions~ had occurred as a 

result of Ne installation in sorne British fi~ms. 

General conditions 'for investment were alsp important 

d~termin'nts of the extent' of dïffusion. In countries with 
• 

high rates of self-financing, or where îhere was easy acceks 

ta outside financing, investment in Nc·1aChin~ tools had 

been more widespread: Again, though, this varied 
- ' 

considerably from firm to firm and while it was a salient 

feature in the surveY,responses, the authors were unable to 

" ---precisely estimate.or formally ~odel th~' effects. While 

government financiaa support to the initial development of 

Ne technology in the United States and United Kingdo~ was 

ex~ensive, diverse level~ of govérnmènt support for 

investment in Ne technology did not correlate consistently 

with national qifferences in diffusion levels. Governmental 
, ~ 

promotion ~f a national aerospace iqdustry, however, and the 
( 

-
size of this indfstry in relat~on to engineering as a whole 

was pos~t~vely related to t~e more rapid and widespread 
..... .;' 

adoptïon of Ne technology. 

In terms of intra-firrn conditions affect~pg Ne use, the 

extent ,of cost reductio'h of rnachininr using 

was highlY• variable deP:n~n the nature o·f 

< , 

.. 
, r 

NC machines 

the component 
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(i.e. its contours, the tolerances required, 

, . 
materials used in its fabriçation) and batch Because 

of the complexity and het~rogeneity of manufacturing even 

within the sampl~d sub-sector of engineering, cost 

comparisons of ~C versus) conventional ma~hining were' 
,/ 

difficult 'to make and many firrns in apparently sirnilar 

production and market situations had widely divergent 

patterns'of NC adoption and use. 

Consequently the authors argue that .. ... i t can be 

said with consider~ble certainty that the attitude of ~he 

managemenL is one of the most important fa?tors affecting 

the extent and the speed of the diffusion process." (1974, 

51). However, their'attempt to specify this variable was , 
\ 

"uns\lccessful and they were unable to demonstrate any cl'ear . . . ~ 

relationship petween managerial attitudes to innovation and 
. 

actual ïnnova tion policy. Thus despi te the scope and ~ 

sophistication of their study, Gebhardt 'an~ Hatzold are 

forced to conc ude that .. Because of the abundance of 

factors influ ncing the diffusion of numerically controlled\ 
.~ 

to be complete. Their 
~ 

diversity is such that althpugh we believe that our in~tial 

() 

hypotheses, as weIl as our report, cov~r the most important " 

factors, not even this can be guarante@d." (1974, 54). 
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New Directions in Innovation-Diffusion Analysis 

Sorne of the possible rèasons, for this limited success of 

the traditional inqbvation - diffusion approach 'h~ been 

explored bY Rosenb~rg (1976,1982) and Go'ld (1977, ch, 7, 
~ 

1981), Rosenberg has characteris~d economic research on 

innovaMon and diffusion as .. a series of footnotes upon 

Schumpeter," (1976, 106), He has criticised the 

o SchumReterian approach for ïts narrow focus on major 

!t-

o 

J 

innovatidms; its disproportionate emphasis on 
~ . 

discontin~ities ih the innovative processi the excessive 

emphasis ~ the role of p~re science rather than on 

engineering; the biased model of entrepreneurship focussed 
() 

on thè early "heroic" stages of innovation to the neglect of 
. 

ci "analysing diffusion. 
\0. 

(1981, ch. 5(. Consequently, Rosenber 

argues that'many of the f~ors determining the nature, r 

and direction of technologibal change ~n the economy ar' 

little understood. The nature and role of technology in 

economic growth remains an inadequately analysed "black box" 

in most economic analyses. In particular, the heroic vision 

of innovation obscured the processes of innovation such as 

'" "learning by doing", with the result that economic analyses 

tended to a.naly.se the demand factors inducing technological 

change to the neglect of S~PlY factors, 'such as the range 
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of alternative productlon techniques available. 

Rosenberg notes that technological change, when 

a examined in detail by economic historians, displays much 

gr~ater complexiky than is accounted for by eco?omic 

analyses. Where economists emphasize the development of new 

processes to reduce the costs of production of 'established 
• 1 

products, the history of inv~ntiQn and innovation shows that 

technological chanqe alters both processes and products 
" 

(1982, pp. 4-5).1 Yet close examination of particular 

tèchnological changes indic~tes, cont~ary to the 

Schumpeterian view, lengthy peri~ds of coexistence between 

qld and new techniques, indicating extensive conservativism 

an~ resistance against the,spread of "best method" 

techniqu"cs (Ibid., pp. 6-8). 

In opposition to the Schumpeterian emphasis on epochal 
~ 

shifts in technology, Rosenberg sees inventive activity as 

"a gradual process of accretion, a cumulation of events 

where, in general, continuities are much more impor~ant than 

discontinuities." (19.76, p. 192). Closer attention to this 

cumulation of events at the technological level exposes the 

î reason~ for the overall slowness", and wide variations in 
\ 

rates of accepèao_ce' the diffusion of innovatiqns. ~ere 

Schumpeter emphasized innovation Rosenberg 
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ernphasizes the conditions surrounding diffusion aB the key 

~o significant shifts in production techniquês~ ~t the sarne 

tirne diffusion is usually characterised by acts of invention 

and gradual irnproyements in the technology sa that what is 
D 

diffused is a continually improved production techn~ue 

(Ibid., pp. 195-197). 
".1 (; 

Accompanying the gradual modification and adaptation 

new technology thro~h~he diffusion process are several 

<,~ 

of 

other processes which affect the. rate sf diffusion. First, 

there is the development of technical skills among user~. 

These may be slow ~n developing; they can only be learned on 

the job; and at the earlier stages of diffusion they.are 

expe~imental, tentative and unc09ified. Consequently, 

~ledg~ of the new téchn~logy in operation is not 

necessarily~easily transmitted (Ibid., pp. 197-199) . 
• 

, Second, new technologies .may require new'skills and 

techniques in manufacturing th~. This requirement i8 

itself subject to aIl the vagaries involv.ed in the 

devel9pment of new technology. Third, there may/he 

complementarities in diver~e technologies which facilitate 

or retard the diffusion of new technologies. Rosenberg 
• 

cites the work of Fishlow who discov~xed that an .. 
accumU14Çion of small changes in the design of l~~ti;es and 
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freight cars between 1870 and 1900 tripled freight car 

capacity and doubled motive ,power. Yet greater loads and 

speeds would have been impossible without the t~legraph, 

block signalling, steel rails, air brakes and automatic 
J 

Il 

couplers -- instruments ~hich were discovered independenly 

but ~er~~~ necessary for railroad transport 

.improvemen~s (Ib\d., p. 116, pp. 201-202). Thus, for 

Rosenberg technological change is the outcome of several 

processes which are often subject to delays, false starts 

and bottlene€ks.~ Consequently much technological diffusion 
1 - 1."-

occurs only slowly d unevenly. 

ience is now ubiquitous and the entire~ 

to activities generated by scientific and 

In a science-based production system 
\ 

and·endemic. Production .technology 
4-

i s generally c systemic so that learning by using' 

is increasingly cessarY'" to establish the reliabili ty of' 

new proc~es and/or products ({9~2, pp. ,121-124, 135-140). 

The rnethods used by business organizations to 

'. --.. institutionalize technical innovation, and to establlsh sorne 

control. and stability over technological factors by funding 

R & D, establishing linkages to pure science research 

institutions, etc.~ merely multiply the sources of 
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innovation and intensif y the ~rocess of technological 

ch~nge. AlI these conditions force entrepreneurs and 

management to operate as brokers between what seems to be 

eco~omically profitable and what is technologically possib!e 

despite the uncertaibties involved. Rosenbërg emphasizes 
-"" 

the uncertainties associated with these conditions and 

downplays the dependability of rewards such as guasi-;rents 
> -

f~om patents and licences which can be earned from 7 
s~essful innovation. C 
~~onseqUentlY Rosenberg is particularly critical of ( 

"""" analyses which assume a simple relationship between tne rate 

of technologiqal, change and the ,rates of innovat~on and 

diffusion. Yet exactly tHis assumption underli~s much of 

the research into the phenomenon of technological lag. ~at 
, such-studies ignore in particular is the impact of 

expectations about the fut~ourse of technological 

innovation on entrepreneurial decisions about ad0pting new . . '. technology. By ~oving trom the Schumpeterian approach which 

emphasizes discontinuities in innovation to an approach 
ft 

which emphasizes the ongoing nature of much technological 
• 

change, Rosenberg argues, - the opti~al timing of an 

innovation becomes heavily influenced by expectations 

corrcerning the timing and significance of future 
• 

37 
t· 

, 

. 1 



( 

1 

c 

iii 

1 
improvements." (1982, pp. 10~). Expectations of rapid 

continuous change in, a technology can lead to~a v.ariety of 

responses'on the part, of potential adoRters. They mày opt 
~ 

to be "in on the ground floor", of the new technology and 

ga~ble that the early learning experierices in "debugging" 

and adapting it to their specific pro?uction needs will 

generate' gains outwe~ghing the costs of pioneering and 

experimentation. Other firms may adopt a c0nservative 

strategy, waiti~g for the pioneering expe~iments to pay off 

in the form of a second generation of designs more 

appropriate to their specifie production conditions. Yet 

others maY.be,able to opera\e with shorter amortisation 

.' cycles, building or using eq~ment which is cheaper ~r less 

longer lasting but does not su~~ive into obsolescence. Thus , 
, 1 

the expectation of oontinuing .technolOgical change may be a 

condition in which technological lag represents the rational 

decis;ion of a significant number, of ,firms in a particular 

industry or sector. 

Gold's critique of the innovation-diffusion ~ur~ 
converges with much of Rosenberg's commeQtary. He argues 

, , ' 

that much of the literature is dominated by a static 

c9nception of a given innovation and thus overlooks the 

processes of derived innovation through continuous 
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modification and adaptation to different production 

circumstances which occur during diffusion .. It is probable 

,that ·thi~ complex process of innovation-in-diffusion 

reflects in tutn the com~lex, fluid and changing fiJIn 

characteristics which intersect with technological adoption. 

Gold points out that field research demonstrates that in 
, 

most countries plants differ in many respects affecting 

their relative competitive positions : product designs; , 

product mixi the pattern of make or buy arrangements; 

equipment characteristics and modernity; qualit~andards; 

scale of production; locational factors in terms of access 

to inputs and markets; capacity utilisation; managerial 

objectives and financial resources. Since most 
( 

t'echnological innovations affect different sectors of 
( 

operations and costs, and éxert primary impacts on 

particular segments rather tharr on the entire array of 

production operations, the economic advantage of any 

particular inn0vation is likely tO,differ among plants 

within the sector using the technological innovation. 

scarcely surprising, Gold argues, that field research . 
\ 
) 

generates vastly differ~nt accounts of innovation and 

It is 

diffusion processes than are presented in aggregate models. 

~ In particular, the common explana~ory variables of 
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profit ~eeking or profit e~pectatiorrs are problematic. 

Profit seeking is far~too generalised aS.a causal variable. 

It is an orientation-rather than a m0tive, and as such, is 

likely to pe brought forward as a ~ationalisation for 

~decisions made on less obvious grounds. Secondly, no 

diffu~studies have yet been able to provide direct 

profitability evaluations, by responding firms. 

Consequently, there are major problems in getting firm 

information on profit expectations and estl~ates of 

of rc:: business prospective risks. In the conditions 

decision-making Gold ~rgues, 

.. Because decisions invol ving ·commi tments 
for future activi ties must almost always.lbe ' 
made on the basis of serious informational 
inadequacies and consequent uncertainties, 
they tend to be based in large measure ... on 
the value orientations of influential manage~ 
ment personnel, which are rooted in turn on 
their pa st training and experience .. , Hence, 
managerial attitu~es ar~ not merely one ot 
the actors ta be included casually along 
with ostensib~y more important quantitative 
determinants. On the contrary, such subject­
judgements probably oversh.adow the latter 
in shaping most capital decisions.- (1981, 
259). 

The implication of both Rosenberg's and Gold's 

innovation-diffusion analysis is that 

technolog~cal change in industry/is often of a graduaI and 

piecemeal nature; originating in a diversity of intra-firm 
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, ; 

and metivated by a variety of, managerial 

perceptions, strategies, and impulses. Both writers appear 

to be arguing for much more disaggregated analysis, with 

greater attention to inter-firm variation, to continuous if' 

slight technological modificationi and they seem to be 

sceptical of management's own,accounts of their decisjons. 

It is to the issue of managerial motives and strategies in 

technical change that the Braverman-inspired labour process 
~ 

writers direct particular attention. 

Ne Technology an~ Labour Process Analysis 
\ 

Braverman's Analysis 

Braverman's theory (1974) is based on Marx's 
_7'~ 

1 

• 
identification of the distinctive feature of the. capitalist ' 

. 
economYi that the direct producers sell neither themselves 

nor their labour servic~s but their labour power - the 

capacity to labour - to the capitalist. The central problem 

in the capf-talist labour proce~s is, consequently, that 

management has to ensure thât this capacity is transformed 

into work actualIy dene and to maximise the work done in' 

order to 'ensure profi_,bility. ~he continuous séarch for 

profit n~cessarily leads to continuous refinement ct' the 

division of labour, as complex cxaft tasks are divided _into 
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! s.!.mple " routinised steps and less skilled labour is hired ta 

perform the resulting detail work at lower rates ot paye Or - . 
labour is reduced or eliminated entirely by the automation 

, ~ 
w ' 

of the-repetitive motions which comprise the simplified 

tasks. Further, in order to ensure that workers', labour 
o , 

power is turned into work actuqlly done l management 
1 

continuously tries to maximise its control over workers and. 

to ~inimise its dependence on them. ~Management d~es this by 
.. 1 

enhancing its control of the labour process, by gaining 

knowledge of the production techniques and reducing workerf 

to mere executors of management ~rders. This process 

reorganises work into low skill jobs without conceptual 

~ontent, replacing craft work where-conceptual and execu~ive 

skills were integrated~ 

For Braverman, t~chnical innovation is a key element in .. 
the drive for' mahager~~:r ,control. , 

1 
~ "The capacity of humans to control the +abour, 

process througb'machinery is seized upon by 
management from the beginning of capitalism a the 
prime means'whereby'p~oduction may be contro; ed not 
by the direct producer but by the owners and 1.. 

representatives of capital." . 1 

, " 
(1974, 193). f' .. 

The problem of the automation of machine shop 0 erations 
v 

~s explored as a significant case in ~oint (1974, ~p. 
184-248). Traditionally'machine 'tools haye,b~en ~ked in 

, " 
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unit or small batch production in which skilled machinists 

,/ retain considerable control over production processes. 

Until the advent of Ne the impact of the drtailed division 
r-

of labour had been,limited; machin~sts specialised in one 

particular'tool such as the mill or lathei or skill 

diiisions were introdûced by ~aking machine ret-up a 
, 

specialty. However, Ne int~rposes an automatic control 

system -- in the form of punched or magnet~c tape or direct 

computer communication -- between the machinist anù the 

metal cutting operations. 

Braverm~n ar~ues that the machinist's technical 

knowledge of met4l 
\ , 
machinis~srwere to 

• 

cutting could be advantageously used if 
\ 0 

prog~am or develop the control programs . 

But .. this al:most never happens ... due, of ~ourse, to the 

opportunities the process offers'f~r the destruction of 
'6' 

cra~t a~d the cheapening of the resulting pieces of labour . 
'·intd which it is bro~en.~ (1974, 199). As happens with the ., 
•• v. 

manufac;tmring process :I~ewhere, Bravermal}.:,. argues, .. The 

p~dcess has become more comple~, but this is lost to the 
.~ 

<i</-
workers, who do not~rise with the process but sink benea'th 

i t,. Each of these workels is required to know and 

ùnderstand not more than did the sim~le worker of before, 

but much less." (1974, 200)". . The skilled machinist is .. 
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replaced by less skilled pa~ts programmers, encoders, and 

machine opera tors; ~ The entire producti0I?- ,pr9ceg~ in,volved 

.combining cheapened, deskil~ed labour, with more versatile 

and powerful machinerY. 

No le' s Anal sis 

Two importan~ stries of'Ne automation have adopted 

Bravermah's approach, although not without adding 

significant nuances of their own. Noble'~ work (1984)' is a 

detai1ed history of the development of Ne technology and an j _ ~ 
interpretation of the foroes affecting this development a~ 

ÇÂ 

its diffusion, primarfly withln the defence engineering 

sector in the United States. He characterises the 

engineering and met.alworking industries of the United States 

in the 1940s as riddled wi th bitter indus trial strife as 

man~~ent sought. ~o curtail the advances in shopfloor power 
, , . 

and in wages obtained under wartime production conditions. 

These gen~ral conditions impelled management to search for 
C> 

_ means to undercut their workers both ~n th~ area of control . 

over the production process and'in terms of ~he wage bill . . 
Noble arg~e~ that the rise of vast postwar defence 

" expenditures, particularly the rise of a large jet-p~~ered 

airforce, created the possib~lity of a t~chnoiogical 
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solution to labo~r-management problems in the engineer~ng 

industry. 
, 

Mili tary productior;);,~~~nvol ved complex parts made to 

,~i, tofêrances and of~en involved machinihg novel alloys, . \ ~ 

re_ lci tr.ant to tradi t~9nal machining techn,iques. ·At the 

same time, daience grants subsidised the search' for new 

manufacturing technologies and underwrote investment in new· 

machinery. Prior to the development of Ne technology" the 

'fabrication of aircraft wings, rotor blqdes; and jet turbine . 
i blades through semi~automated techniques using templates and 

tracers, cams e~c., had become increasingly costly. 
il 

Particul~rly as the.level of demand for ,jet aircraft 

increased, these techniques constituted a major bottleneck 
J • 

in production .. They were dependent upoll 'the manual skills, 

powers of concentratio'n, and general stamina of machinists, 

and consequen-t::1y repeat ~atcl).~s\often generated ,out-of­

tolerance parts and ··scrapped output on an expensi ve scale., 

~y the late 1940s several explorations of new 

machining techniques were taki~g place. Noble documents in 

det~il the innovations by Parsons Manufacturing, a small 

firm specialisihg in helicopter rotor blade pro~uction, to 

develop a precise digital tape method for rotor blade , ~ 

machining, and the subsequent adoption of this project by a 
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researeh group at M.I.T. working on 

~ 
engineering applications 

- .. e 
of computer technology (198~, pp. 96-105). 

/: 
Imtelled by the 

\. 

Korean War demand for large numbers of jet aircr~jt, a 
, 

demand sustained by the arms race, a new technology of 

automatie machine tool control emerged in the aireraft 

industry and slowly sptead through this industry during the 

1950s. 
; 

The Most convincing aspect of Noble's study is his 

demopst,ra t,i~n that wi thout extensive support from the 

Department of Defence, and the U.S.A.F., ,NC might not have 

enjoyed what limited s~ccess it obtained in the 1950s and 

1960s even within the airera ft industrv. Only with changes 
n ~ 

in' ,computer teehnolo<;Jy in the 1970s has Net teehnology spread 

significàntly beyond the original specialised airera ft 

component applications". But this early slow and limi ted , 

, growth of NC~hardly fits Noble's conception of the 

• l' 

( 

. ~ 

teehnology as a(solution to urgent labour problems arising 

from wartime and early postwar conditions. Had these 

problems been so .pressing and the new teehnology so elearly 

advantqgeous f~ deskilling (anD therefore eheapening) 
. -~. '. '" 

labour and cont~lling the labour ''P'~ss, one wo~ld have 

~xpec~ed_a ~uch more rapid diffusion of Ne teehnology. 

Noble shares with Braverman a ten~ency t:::=:Sitica~lY 
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accept the claims of NC'manufacturers about the potential 

benefits (to management) from NC installation. Braverman's 

principal~authority for tJt-jOb desc~iptions of parts 

prograrnrners, encoders, and Ne machine tool operators were 

machine tool advertisements and an introductory text on Ne 

for management written by the chief executive of a major 

manufacturer of NC equipment (Leone 1967). Such sources 

might reasonably be expected to underestimate the demands Ne 

makes for the maintenance of skilled labour inputs. 

Si~ilarly, ~ble's characterization of the labour process 

and skill requirements of NC technology are largely 

unçritically derived from machine tool manufacturer's 

advertisements and brochures, and the editorials and 

reportage of machine tool trade journals. 

Unlike Br~rman, Noble does undertake a study of 

firms operating NC equipment. However, h~ survey focuses 

upon the managerial motives for Ne utilisation purely in 

terrns of their concern t9 control the labour process and 

this is matched hy surveys of workers' attempts to evade 

such controls. Since he does not provide th! reader with 

his interview schedules it is hard to evalua e the validity 

of the responses he presents. BesideS, that workers attempt 

to evade what controls exist does not mean that a technology 
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was introduced to establish those controls (5). 
~ 

Much of' Noble's case that Ne technplogy has developed as 

a result of managerial concerns to control and deskill 

labour rests upon his distinction between two types of Ne 

controls which appeared in the pioneer days. The first --

record playback -- developed by General Electric, used a 

magnetic tape to record the motions of the machine tool as 

it was operated by the machinist in producing the prototype 

of a particular piece. The ~ of these machine motions 
-- ~! 

could then be cused, fed through a sui table controlling 

device to reproduce identical machining motions without the 

machinist. Noble argues that othis automation \technique was 

easily installed, relatively cheap, required very litt le in 
" 

the way of major capital investment, and had potentially 

widespread industrial applications. Yet it was not this 

system which was ultimately used in Ne technology. Noble 

accounts for this by arguing that, 

'. 
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» .. , "the strength Qf the (record playback) 
approach, as a reproducer and thus a multi- plier of 
~kill, proved to be its weakness, in the view of 
those with the power to determine its fate. 'For, 
although it constituted a major advance over 
convention~l machining, it still relied too heavily 
upon the skills of machinists.» (1982, 83). 

e system of 

numerical control whereby blue dimensions are 

transformed into Cartesian coordinates or sorne other 

mathematical-geometrical matrix and coded appropriately 

• through the controlling device. It is ha rd to see why the 

record-playback system has less deskilling and labour 

process control potential than its rival NC system. .. Even i Il 
1 

1952 Kurt Vonnegut ( who had worked ïn General Electri~'s 
, . ~ 

publicity department in the lat~ 1940s) was inspired by the 

record-playback e~eriment1 to write Player Piano , a major 
,1 

anti-utopian novel on the potentially catastrophic impact of , , , 
this form of automation vVoftnegut 1952). 

, 
Rurthermore, Noble' s emphasis on the way in which the 

mathematical basis of NC fits with the engineering bias of 

~ndustrial managers and with the control bias of engineers, 

leads him to s~rious~y underestimate~the technical 

advantages of such a machine control system. A 1 

i~ gependent upon the existing stock , 
r. .. 

. skill~i a mathematical coordinate system has 
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no such limitation. In other words, machine controls based 

upon mathematical codes rather than craft knowledge can, in 

principle, he used to produce anything designed by the . 
1 

engineer (within the limits of the physical and mechanieal 

properti~s of the machines, tools and materials, of course). 
\ 

The record-playback system, however, only produees_items 

which maehinists are currently able to make. The major 

problem wibh the postwar generation of airera ft was that 

they contained components whieh were extremely diffieult to 

make reliably by the best craftsmen. It is this technieal· 

diffieulty which Nople underestimates in his interpretation 

of the choicé of NC ov~r record-playbaek. 

Shaiken "s Analysis 
./ . 

The appreciation of NC technology in detail permits 
• , 0 

Shaiken (1985) to present a far more nuanced analysis, 

although still within the Braverman tradition (6). This is 
s 

in part due to the autnor's own training as a tool and ~ie 
/ 

maker,' -and also due to the study design which reeo;rnises the 

heterogenei ty 0'1 engineering and metal workJ..ng industries in 

t~rms of products, firm sizes, markets, etc. UsJng a wide 
\.'- .-

. range of quali tati ve interviews wi th both workers and 

,management in engineering Shaike~~introduces a number of 
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significant complexities in~o the Braverman-Noble pictur~. 

First, any techxklo~ical innovation in industry is 
, 

used in such a way as to balance several different goals 

which are not easily simultaneously optimized. Thus 

quantitative output such as speed and volume may involve 

quality sacrifices pr high wastage rates. Raw materials 

often variable and machines and shopfloor conditions 

sufficiently idiosyncratic that managerial impositioh of 

standardised procedures are less' efficient than permitting 

considerable worker autonomy to take account of these 

conditions. Historically, there have alwa~s existed 
c:> 

technical limitations to extensive or universal a~tomation 

and alsp, because of the aforementioned conditions, enormous 
-

gaps between the level of automation which is possible in 

principle and ~hat is act~ally applied. There are also 

social limitations on implementing ·optimal" automation 
'\ 

programmes; but these, do not consist so~~ly' of worker 

resistônce but are also the result of managerial 
-

cqns~rvativism, and a variety of economic pressures such as 
'" 

limi~ed(~~pital, market position, the need to amortise 
<II 

existing equipment, etc. 

For Shaiken there is an interplay between aIl these 

factors as weIl as managerial desires to control the labour 
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process. But it ~s the interplay of ?ll t~ese factors 

rather than a single, unilateral managerial s~rategy'which 
1 

~~termines the course of technological innovation. The very 

flexibility of Ne production, its capacity to efficiently, 

'produce high quality, short runs of complex parts, has led 

to a shift in market expectations in engineering products 

for faster production, increasing complexity of parts, an? 

greater customizing of products. Ne technology reflects all 

of these complexities; there are considerable variations in 
( ~ ... ~ " .. 

, . 
the success with which various firms nave adapted it to 

their own production needs; and there is great confusion 
J 

among-managers over precisely what benefits are to be 

obfained by i ts use. rncluded in this confusién\ is a lack J 
of clarity'on the part of mànagernent qver the labour 

advantages of Ne; the degree to ~hich it reduces dependence 

upon skilled metalworkers; the degree to which cheaper, . 
serni-skilled labour can be substituted for skilled 

machinists; or t~e degree to which new skilh requirernents 

are generated. 

While retai~ing the Braverman-Noble frarnework 

Shaiken's ~vidence presents a.picture of the diffusion of 

contemporary automation techniques as a complex, uneven 

process, ma~ked-as much by failures and sub-optimal 
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applications as by solid succe~s. In short, his account 

of the latest round of work automation is~somewhat closer to 

the innovation-diffusion school than are the.writings of ., 
Braverman and Noble. In particular, his close atte-ntion to 

a very broad range of engineering and production management 
-

opinion ~ents him from' adopting the more simplistic 

Marxist approach of his predecessors. , , rf there is a bias in 

the system, it takes the form of an " engineerin~ ideology • 

best encaps~lated by Shaiken's citation from Gideon Halevi 

as "an att~mpt to replace 'art' by 'science,' that is, to 

replace intuition by computation, while turning skill and 

expe~ence into fermu,~as." (1985, 60). This impul~e is, of ~ 

course, rooted in th~ expansion of science, and 

sCience-b,ased technology in industry, and is not simply a 

fraudulent ideological cover.-up disguising managerial 

attempts to control ~abour and to exclude workers from 
,.. 

involvement in the labour process. Shaiken's documentation 

of' this bias coexists uneasily with his 

cla~s-control~of-the~labour-process apprqach, and i5 never 

sati~factorily resolved (~). 
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Modifications to Braverrnan's Analysis 

Shai~en's work appears to b~ part of a umovement" among 
-

those sympathetic to the Braverman-Noble perspective towards 

a less rigid emphasis on a unilateral and uni versal 

managerial motivation for technologi~al innovation. Two 

\ other works focusing explicitly upon NC have attempted to 

reconcile a class-control approach to industrial 

organi~atïon with a more nuanced sense of economic and 

technological complexities. 

Wilkinpon's study (1983) comprises four cases of NC 

automation in different engineering plants in the West 

Midlands (U. K. ) . He is cri tical of! both cBraverman and the 

lnnovation-,diffusion analysts such as Freeman , Rosenberg, 

and Mansfield. He argues that the latter group 

depoliticis~s technical change; a~sumes that the physical 

characteristics of technology determine organisational 

requirementsj analyses technology as a putative independent 

variable havi~g .. impacts"t with .little reference to how these 

impacts are at' le~st modified by specifie organisational 

actQ:rÊ_,-_ Techn~logy itself is treated as a I?-eutral input 

into production systems and the motivation behind its 

'introduction or aqoption is purely the product of market .. 
54 
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competitive pressures. The effects of technology, apart 

from the impact on the firm's economic position are viewed 

as largely incidental and go unexamined. Thus Wilkinson 

argues, 
1 

·~he context in which technologie al change 
o~curs is treated as if of imp6rtance only to the . '. extent that lt constralns the changes, or is changed 
itself by the new technology .. Thus instead of 
discussing, for instance, the nature and 
availability of ski lIed labour within a firm and the 
way this might affect the cho~ce and use of 
technology, the skilled labour is treated simply as 
a possible constraint.... or as a phenomenon which 
is transformed by the technology (from craft worker 
to ~echnical worker.) The fact that managers may 
introduce technology with the intention of , 
transforming the nature of work simply will not fit 
the 'impacts of innovation framework.· (1983, Il). 

At the same time Wilkinson is also critical of the 

Braverman analysis of Taylorization of the work process 

which downplays 'the role of workers as active negotiators in 

the determination of wor~ relations. In contradistinction 

to these two approaches, Wilkinson's aim is to ·uncover the .. 
ways in which the values and interests of managers, 

'\ -engirreers and workers profoundly influence the choice and 

use of technol6gy, and thus the work organization which 

emerges.· (1983, 12). 

Wilkinson looks at four small-batch manu:factur.;Lng plants 

" -- two 9f these are small enterprises with about 50 
" -

employees, largely unskilled workers in a metal-plating 
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-~ plant, and skilled workers and technicians in an optica~ 

lens factory. The other two plant~ are medium-sized 

organisations, emPlO~ng 350-450.people, one in rubber . 

moulding and the ot~r in machine tool manufacturihg . Th,se 

larger plants' labou~ forces c9rnprise a mixture~, 
but both include cores of relatively skilled workers. AlI • 

~ 

but the metal-plating company are sub6rdinates of larger 

corporations. 

These case studies are presented in support of 

Wilkinson's primary contenti?n that neither the adoption of 

- ~articular technologies nor the organisation of work based 

on them is objectively determined by the characteristics of 

the tec1hnology. Instead both are the resul t of informaI 
~ 

political negotiations between.management and workers. 

Contrary to the .. impacts of innov~tion'~ approa~ch, 

Wilkinson argues, management uses rather loose estimating 

methods in justifying capital expenditure on new technology 

and that even rougher measures were used in assessing th. 
, ~ 

success of new technology once it .~as installed and in 
e 

, 
pxoduction. For Wilkinson, statements about efficiency or • 

productivity, p:tç-about production quality, tend to be . 

glosses or rati0nalizations for managerial action (1983, pp. 

82-84, 86). 
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In thesé respeG~'-Qf course, Wilkinson' s findings are 
~~~ .. ~ 

similar to those of Gold. However, while managers tend to 

feel most secure when their actions can be justified iq 

terms of objective measures of improved performance, 

managerial intentions are mo4e diverse than solely 

labour-directed desires to ~Skill or unilaterally control 

~ production. Thus, Wilkinson documents disputes between 

Idifferent levels ~f managemenu; between management with 

financial as opposed to technical production concerns and 

orientations; between managers with shopfloor backgrounds 

versus those with university engineering degrees, and so on. 

Moreover, just as the purely technical cost and 

producti.ve efficiency pay-offs of technological innovation 

are difficult to estimate~ the labour process control impac~ 

of technological change are also difficult to anticipate. 

Workers' efforts to control their work are often a functiG~ 

of unanticipated problems of techno17gical changes , and 

shopfloor skills are often re:uired ~o modify the planning 

engineer's designs ~or effective opera~ion under real 

production conditions (1983, pp.91-92). The extent of C .. 
shopfloor control is strongly affected by pre~existlng wQrk 

"';<~." 

arrangements, which in turn, are, the result of prior , 

neg;tiations and shared understandings surrounding the 
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operation of previous generations of technology and work 

organization (1983, pp. 86-92). 
? 

Whi1e Wilkinson's case material supports his main thesis 

that the adoption of a particular techpology and the way it 

is used is not objectiv~y determined but a matter of 
, 

socio-political negotiation and definition, his study fails 
o \ • 

to satisfactorily interpret his findings. His approach is 

very much in the Braverman tradition) modifred to allow for 
- " . . 

the active involvement df the work force in controlling work 

organisation as technology changes. The recourse to the 

term Hpolitics U rather than the tradition al Hinformal 

.organization H is symptomatic of his reading class struggle 

meani~gs into rather more mundane ,indus:trial relati€>ns 

processes. 

More ~ubstantiarly; however, Wilkinson fails"to take 
J 
" 

advantage of his' comparative case material and is unable to 
lA 

specify any .. qt.l' the pattèrns underly.l,.ng the process of social 
...... I::..t ...... _ ~ 

definition in situatQons of' technologi~al change .. For 

example, he does not' develop any hy"potheses about factors 

enabling workèrs to play' a larger or smaller role in 
, ~ 

determining work procedures emerging wi t.,J1 the new" 

technology. His cases suggest some suchofactors including 
( 

the extent to which the workers involved are skilled 

.. 

., 
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craftsmen o~ not, and the degree to which responsibility for 

implementation is assigned to middle or senior managerp. 

Sblilarly, the conditions de~ermining variations in 

management attitudes and intentions are never systematically 
, 

analysed. Wilkinson is too ready to dismiss Gompetitive 

pressures, for example, butOhis cases appeared to be quite 

differently placed in relation to such pressures. His case 

material, in fact, seems to demonstrate that management 

conce*ns to control work pr?cedures are quite directly 

linked to these press,!res .. Thus, while -Wilkinson' s analysis 

oiS USefj_ in exposing the informa~ 1 Organi~ationa,~ ~poli t~cal C7 

o dirnen~ion as a condi tioning fa.cto:( in technical ch~nge, hois­

analysis is entirely too inhibited·by the labour process 

approach to advance o'uro, understanding of the precise wa,/s 

this factor operates. 

Finally, l should discus~)~Jt~n Jones' analysis of Ne use 
G 

in British aerospace firrns (1982). Jones 'is also a· 

sympathetic çri±ic of Brave~ma~ whof he argues, developed a 

the ory of deskilling which was too "deterministic· and 

·~niversalis)c. " Jones wants (to develop an explanation o~. 

the direction and nature of skill changes in contemporary 

capitalist industries wpich takes ~ccount of trades union 

~ttategy i'n relation ta labour markets;' the firm' s prod~ct 
l ' • 

O' 
~ 

. \ 
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markets; the firm' product composiuion - i.e. whether 
'. ,\ 

standardized, batch s~ze, steadine~s,or periodicity of 

demand, etc.; and the machine-manage~ent control systems 
1 

( which develop as technology ChangeS)' His case studies are 

not support ive of Braverman's vision of a single deskilling 

trend arising from the application of advanced technology. 
~ 

More importantly from my perspectiv~, Jones finds no 

single, coherent managerial strategy pertaining to the 
< • 

adoption of nc technology. Even though all the firms in the -

sample'were involved in aerospace productio~ and so might 

reasonably be assumed to be most fa~iliar with, and under 

the" most in tense I1ressur~ to' keep ~ wi th . Ne technology, 

none were organised uniquel-y around Ne technology. Only one 

firm wiüch was specifically establisned as an Ne machinfng b 
subcontractor, pl~nned its investments solely in terms of 

its nc requirements. Eveo here, half of its machine t?ols 

were conventional ones used for finishing work, prototype 

and development items, etc. In the 'other firms sampled Ne • 

machines were scattered among conventional machine tools; 

they were acquired on a~ ad hoc basis as funds aIIowed, or 

as replacements were needed, and not as part of a separate 

conscious ~C development strategy. In p~rtieular, there was 

no sign of wholesale reorganization alo~g the lines 
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suggested by NC technical literature, but a persistence of 

Pr'ganizational patterns tradi tional to the engineering 

industry. 

Furthermore, NC technology had not been adopted to 

save labour', although there was a widespread sense of its 

utility in the context of a scarcity of highly skilled 

labour. NC technology was seen almost entirely in 

technical-effiqQency terms -- reduction of machining time, 

especially of the time in-between machining sequences; 

improving quali ty, finish and tolerances; and improving the \ 

capacity to repeat machine sequences without variability.' 

At the same time there were divisions and disputes within 
, 

management over,precisely how useful NC technology was and 
.\3 

how advantageous it could be in compari~on wlth conventional 

machining techniques. 

Conclusions 

Noble, Shaiken and Wilkinson present their analyses 
~, '+ 

either as simply confirming Braverman's theory, or as 

documenting a variety of intervening variables which qualify 

or modify the impact of management' s -stri ving fo.r contro~ 
• 

over the labour prqcess. The drive to control of the labour 

process is the logical equivalent for these writers to the 
cl 
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profit motive in the profit m theory of the firm 

which underlies most economic nalyses lf diffusion after 

SChump~~. The interve~ing va iabl~~ Î _ ~~çh account for., the 

diversitylof skills and methods of labour deployment 

associated with the introductio anQ-~use of Ne and sa 

obscure the Hbasic H tendency of deskilling are often similar 

to those adduced by eeonomic ysts to explain the 

unevenness of diffusion. 

Thus while remâining sympathetic te Braverman's emphasis 

on the labour ~rocess as 

understandin~ indus trial 

(apart fro,~ Noble) have 

the most significant are a for 

relations, su~sequent writers 
1/ 
moved closer to the 

innovation-diffusion perspectives on technological change. 

In the latter, as we have seen, there is an incre~sed' 
() 

concern with Hsubjectiv~H factors such as managerial 
" 

attitudes, informaI organizational qynamics, the complex 

interplay between market pull and teahqological push, the 

gap between formaI. accounting ~teria and the "real" 

factors moti vat1.ng de,eisions, etc. These factors deflect 

the diffusion ~rocess from the optimum pa th ensuing from 

profit maximizing firm behaviour. In both the labour 

process and the econornie theory of the firm, the central 
1 

assumption charactèrizing management decision making is 
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problematic as a description of management behaviou~ There 

rernains a basic empirical question, ~en, of .. How does 
~ ... 

management decide to adopt and use new technology?H This 

question is answered by assuming a single motivating" 

strategy in both labour process and economic diffusion .. 
analyses. 

Elster (1983, p. Ill) has argued that technological 

change situations are too often characterised by too much 

uncertainty for rational choice to be weIl defined. Hence 

econornic theories based on optimizing models have to be 

replaced by Hpostulating that firms search randomly and then 

decide on the basis of satisficing rather than optirnj.zing H 

(Ibid.). Elster is concerned with the formaI or logical 

issues associated with tpe development of a theory of ) 

technical chan1e having satisfic~than OPti~~ing 
behaviour as its micro-foundations. However, there 18 a 

1 

range of empirical issues requiring investigation invo~ving 

the discovery of the constraints limiting optimization, the 

existence of multiple and cQnflicting goals, the existence 

of areqS of uncertainty and limits to knowledge which make 

utility maximizatlon,a mateer of luck rather than judgement: 

New technologies bring with them a variety of .. 
uncertainties their performance characteristics are 
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uknown, the products they turn out may affect demand and 

markets in novel ways, their operations may alter labour 

deployment', they may require new managerial input.s, etc. 

'l'he diffusion o~' technologies, because of these 

uncertainties, involve satisficing responses on the part of 

management. Are these responses c~sistent? What does 

management do to limi t vJrious uncertainties in the course 
- . 

of adopting and usjng new technology? How does management 

minimize the risks new technology brings to establis~ed 

patterns of work organization, market relationships, etc.? 
\ 

Profit maximizing and labour process control models of 

managerial behaviour treat the processes and condit!ons of 

learni~g ab~ut new technology in·a particular industry 

casually, as if knowledge and information are unproblematic 

or available easily and equally to aIl firms. How do 

managers get to know about changes in production technology 

in a situation of rapid ~nd extensive technical change? How 

do they evaluate the information and sources of- information 
, 

they acquire? Th~se are obvious questions and yet l find 

very 11ttle description and analysis of the way management 

~ee~s informed about production techno~ogy, despite the 

convergence of the literature on a Hmultilateral U vision of 

managerial decisions about technical change.' 
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Further, there are twa related problems about which we 

have little information : little attention is paid to 
,/ 

changes in technology as it is diffusinq and is adapted to a 

variety of operating conditions. As technolog~'diffuses 

within and between firms, learning occurs and a range of 

successful adaptations, modifications and accumulated 

experience and knowledge develop. Much i,ovation-diffusion 

analysis treats technological items as static, unchanging 

entities which diffuse in their original form throughout 

sorne indus trial sector. This underestimates the complexity 

)of diff,usion, and preciudes ~looking at differences in firm 
#-~"\...t~, ... ;:~, 

experiences at different points in the time period of 

diffusion; ~t differences over time in the experiences with 

the (changing) technology within a singl~ firm; and the 

interplay between these factors. 
, 

It is to redress sorne of these lacunae that my stu~y was 
i 

conceived. The central question framing my study is what 
.. 

perspective and strategies do management bring to the 

decision ta adopt Qnd u~e Ne and CNC (8) technology in 

different branches of the engineering industry. How we have 

proceeded to develop this question as the basis of our 

investigation and the procedures used in it are the subject 

for our next chapter. 

65 



c 

# • 

c 

.. 

Footnotes 

1. Schumpeter distinguished between Kitchin, Juglar and ( 
Kondratiev cycles, each of whose length dep~nded on " 

\ 

the type of dist~rbance producing it. Kondratiev cycles 
were of app~oximately 50 years' duration and triggered 
by major shifts in entire technologies and economic 

.,organization sucn as the rise of steam power or the 
birth of railwazrtransportation. These shifts involved 

any interconnekted innovations and, combined wit~ , 
ogenous events such as wars, gold discoveries and 

h vest failures, produced large scale economi~changes 
er long periods of time. The shorter\Kitchin (4 year) 

- nd Juglar (10 year) occur due to two other innovation 
re1ated processes. The spread of technology and minor '~ 
adaptations of established technologies constantly force 
firms to adapt to these changes by rationalizing ~hei~ 

erations. This often takes the form of labour sa~ing 
a d capital saving reorganization which may have sorne 
re ssionary effects on the economy. As weIl, sorne firms 
simply fail to adapt, go bankrupt and again cause dec1ines 
in demand for various goods and services. A/second process 
contributing to shorter term economic fluctuations arises 
from irrational entrepreneurial expectations. Over­
optimistic estimates of profits to be obtained from innov­
ation causes first a wave of overinvestment in a particu1ar 
area of the econQmy and then an equally irrational reaction 
of wi thdrawal of investment. 0 

, --
2. See Enos (1962), Strassman (195-9), (1959a), Usher 

(1954). 1 

3. There1is ~ome dispute over the appropriateness of 
different sigmoid curves, whether there i8 any one 
type more appropriate than others, and what is the 

~ explanatory status of such graphica modelling. See 
Stoneman (1983), pp. 69-72. 

4. See Kennedy and Thirlwell (1972, pp. 13-20) on the 
ear1y,'development of the post-war American writings. 
Examples, of later studies of technological change in 
detail include Griliches (1957), Hollanaer (1966) 
Mansfield (1968 and 1977), and Schmookler (1966)f~ 

1'""'.. '" - . 
j. \) Noble' s main case for the manipulation of Ne by 
. \ management shows that plant management were un der 
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severe pressure by central .office management to 
rationalise and increase productivity. Local managers 

,were in fact somewhat sympathetic to a projeot of 
job enrichment which was attempted with the introd­
uction of' Ne to compe~sate for shifts in traditional 
methods of incëntives calculation and jGb classific­
ation. In addition' Noble's presentation of the costs 
of Ne techn0logy clearly demonstrates the purely 
economic justification for obtaining hi~her labour 
productivity levels. See Noble (1984), pp. 265-323, 
and especially pp. 266-269. 

Shaiken's Interpretations of Ne automation in his 
1985 work is lesS dogmatically ~raverman-like than 
were his earlier es~ays (1971, 1981). HoweVer, his 
labour process approach ~ppears to determine, ta 
sorne extent, the selection and presentation of his 
case material. He gives prominence to the automotive 
industry's latest round of automation. Where other 
industries are discussed they are often 8mall job 
shops apparently operatihg un der extreme compet­
itive pressures and directed by paternallstic, se1[­
made entrepreneurs with marked~y conservative 
business views. The fa ct that sorne of them probably 
come from-the ranks of skilled metalwbrkers them­
selves is not explored by Shaiken. 

7. If anything Shaiken tends to defer to Noble's analysis 
of the ri se of the engineering profession in America 
(1977). Here Nuble.argues that engineers developed a 
professional identity as 'corporate reformers' who 
sought to design both technologies and production 
organizations according ta rational precepts. Their 
efforts unwittingly supported the ai~s of a new 
generation of capitalist managers co~cerned with 
rationalizing and stabilising large1corporate 
enterprises. An excellent review of the h~storical 
deficiencies in Noble's argument has been written by 
Merritt Roe Smith (1978). 

8. CNe br computer numerical control technology is a 
---system of machine tool control wnere the machining 

programme is fed directly to the contrOlj either by 
a microcbmputer built into the macbine's controle or 
by direct input f~om mainframe. This method of control 
eliminates t~e pr?tess of prepariqg and transferring 
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a tape or disk from a programming centre to the 
machine tool. For descriptions of the deve10prnent of 
this technology see Bylinski (1975), Gunn (1982), 
Marsh (1980 and 1982), Ruzic (1980). 
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Chapter 3:. study Design and Procedure 

The two schools of thought exarnined in the preceding 

chapter have different conceptions of management strategies 

and decisions with respect to"the adoption and use of ne~ 

technologies. Of c6urse, both approaches view profit 

maximisation as the fundamental"underlying management goal. 

Yet they diverge ln their depiction of the means of 

" achieving this goal. Diffusion writers stress the technical 

conditions favouring the profitable use of NC technology. . -,. 
~ 

For example, emphasis is placed upon the greater precisi~l 

possible wi th NC mach,ining i NC' s reprograrnming capaci ty as 

against the rigidities of fixed automation, etc. Labour 

process writers emphasize the social control aspects of ne 
, 

machinery: the separation of planning and execution pOBsible 

• with preprograrnmable'machinery; the possibility of machine 

pacing workers' activities; the potential reduction of 

skille!!1 machinists to tool loaders and monitors and so o~// 
" 

Whil'e there has been sorne dispute among diffusion 

over the extent to which technological innovation 
''\ 

analysts 

has tendef 

to be labour saving (Rosenberg 1982, pp. 14-16; Stone'man 

1983, pp. 52-58), labour process writers assume labour 

saving consequences to be the primary objective in a 

J 
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conscious and coherent management strategy. ,. 
As is the case with organizationa1~ deeision making in 

general (perrow 1972, pp. 145-157, Simon 1979, pp.SOO-SOl), 

it is 'probable that 'management decisions about technology 
" -

are. too comp1ex to be characterised IDy sueh monolithie, 

universa1 orientations as profit maximising or labour 

control. The in-depth case study method favoured by the 

labour process writers {s, in my view, a better research 
~ 

approa€h to uncover the eomplexity of decision-making than 

is the method of large-seale, standardised questionnaire 

research favoured by the diffusion writers. However, the 

labour process writers sueh as Noble and Shaiken 

overgeneralise from industries such as aerospace and ~ 

a~tomobile rnanufacturing which have very specifie 

eharaeteristics. Wilkinson, in contrast, fails to make use 

of the variety ,of industrial charact~risties present in his 

~ample. Furthermore, the methods~~y which managèment and 

labour responses are elie'i -eed ~by. these wri ters are never 

presented, so that it is extremely difficult to evaluate the , , 

strength of the evidence presented i~ support for the labour 

eontr~Y hypothesis. 
// . ( 

---- . -- To avoid these problems l have developed a study design 
& 

which satisfied three fundamental criteria: firstly, the 
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sample shou1d be 1argè enough to reasonably represent the 

variability of production types and firm characteristics 

within the engineering and metalworking sector ; ,secondly, 
. 

the method, used should be adequate to allow probing 
\ 

potential complexities of manageria1 decision- making 
e 

thirdly, the technique and sample shoUld permit the 

investigation ~e temporal dimension in orderoto take 

account of the rapid evo1ution of Ne technology. 

The size of the samp1e was determined partly by the 

range of firm variation l wanted to include and partI y by 

the investigative technique used (an in-depth interview 

discussed below). Thus 60 firms provided me with multiple 

representation of all the major categories of metalworking 
) 

plants (aerospace, tool and die shops; electrical \équipment, 
J 

transportation equipment, sheet metalworking~ valves and 
, . 

pumps), as well as a broad ,range of other firms representing 

the diversity of fhis manufactur~pg sector. A smaller 
",-

sample would have been ~ess repre'sentativei a larger one 
r\ .. 

would have taken the ~ stu,dy beyond the capaci ty of a single 
- '<\ 

researcher working with the resources available to me. In 

addition to being ~rawn from different brarlches within 

,engineering and metalworking, the sampl~ a1so included both 

recent and longer term users of ne machlne toots. As weIl, 
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• the respondents were selected from a broad range of plants 
, 

in terms of emp~oym~nt size. The latter was viewed as a 

proxy indicator for variation in a variety of firm 
1 

characteristics such as level and mode of production, 

contracting~relationshi~ market control, and so on, which 

might be significant factors impinging on managementrs 
o 

considerations of ne technology. 

The Sample 
-A sample frame was constructed using the NC user census • 

carried out annually by the Canadian Machinery and 
'. 

Metalworking jo~rnal, and combining this wi~h product line 

and,employmertt size information from Scott's Industrial 
j' , • 

Directory. The Canadian ~achinery and Metalworkfng journal 

sends out a mail ~uestionnaire to its subscribers requesting 
~ 

information on the purchase of numerical machine tools. 

This survey was first undertaken in 1969, followed up in 

1974 -and 1977, taken place annually since 1980. In 

addition to the dir ct responses to the questionnaire, 

.) machine tool suppl'! rs are s urveyed on sales and this 

inforrnatio-n is used to substantiate and expand the reader 

returns .. 
1 

The other elernents of my sample frame was provided by 
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Scott's Industrial Di!ectory whose llstings of manufacturing 

• 
and other business establishm~nts depends 'also upon, 

.. ..... #' 

voluntary registrat~on. It i8 the most extensive listi,ng of 
1 

business units in Cànada. It provides detailed information 
, 0 

on products, ownership and ernployment fqr a large proportion 

of the firms which' appear in the Canadian Machinery and 

Metalworking NC user census. - 'Combining' these two sources 

generated a li st of NC users identified by type of 

industry,or p~oduct line, and size of employment. Whetever 
~ 

possible firms have been identified in terms of variat.ion.in 

'" two other aspects of ne technology. Firs~, both long term 

users anq more récent adopte~s within each industry branch 
, . 

have' been identifie~. ~econd, ~ariation in the extent of 
o 
utilization of QC machine tools over time was identified. 

In ;the~ords, the sample fr:me inc~~ded ,fir~s whi~h see~ 
to have expanded their NC investments, and firms whlch nave 

held steady at a fixed number of mac~ines over a long period 
il 

of time. 

Firms outside Quebec and .Ontario were excluded from 'my 
- . 

sample frame. This was a pragmatic move design~d tq render 
, 4 

'the samp!e marla~eable in terms of a single~person study. 
~ 0 0'" t-. 

However, these two provinces have an overwhelming dominance 
.. r--- ! • 0 

r ) ~ , 

in the proportion of Ne users,' so that serious distortions 
", 
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'in representativeness were not expecteù to arise from this 

declsion (1). 

Se1:ection 0 f the oases to be studied. from t,he resul ting 

list was not random. In sorne case§ .. the number of firms of 
\li 

an ïndustry subtype were just too few to sampie. In other 

cases a firm was referred ta as a significant ,example of NC 
. 

use by many respondents, and as having an~important 

influence on the diffusion of the technology in the local 

ind~stry. The ·overrepresentation U of aerospace firms among 

the Quebec group, reflects the p;ominehce of this indusf~y. 
, 

ln the Montreal region. Thus man~ of my sample 

establishments which were listed as jobbing machine shops, 

or tool and die shops, turned out to be primarilY,aerospace 

subcontractors. This concentration was compensated for in 

the later sampling of Ontario firms by deliberately seeking . . 

out non-aero~pace related'NC users. The sampIe, then, is 

entirely.a purposive one and not one developed through 

random selection. It was designed to obtain a diverse range 

of ne users (2). 

The resul ting salnple comprises 28 Ontario fir'ms and" j 2 

Que bec firms belonging to the metaiworking and engineering 
1 

group off industries. Sorne basic characteristics of my . 

sampl~ are pr~vided in Appendices A -and' B. 
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The Interview (1) 

The tw~ s ools of thought referred to in Chapter One 

present decisio s to adopt and use Ne ~echnology in quite 

different terms.' Labour process ~riters ar9ue that 
\ 

management operates with a re1atively coherent strategy 

aimkng at the lreduction of labour costs and ~ncreasing 
-

managerial eontrol over aIl phas~ of the ~roduction 

process. The diffusion analysts tend"to present an 

'optimising model of management strategy wherein a 

multiplicity of factors are weighed in adopting and using 

particular production techniques. In neither case is . 
evidence of managerial ass'~ptions and perspectives di'rectly 

examined. It is to this gap that my study'is addressed. 

The too~ being used is an in-depth interview. rather than a 

structured questionnaire. This tool was selected because 1 

was intere.~ted in strategie assumptioqs and perspectioves .. . . 

which might und~rly day-to-day managerial decisions in 

running production operations. ~ therefore needed the 

flexibility to probe and explore certain responses w~ich May 

not immediately re!lect the strategie orien~ion. Further, 

it was possible that~Gold (1983,"pp. 257-259) suggested, 
• 

various post-hoc rationalisations rnay have existed and these 
, , 

have to he probed if they are discovered in the course of an 
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interview. It was essential, then, to be able to assess 

responses in a face-to-fac@ interview situation of sorne 
1 

flexibility, rather than to adhere to a rigidly preset 
, 

. ., :: interview quest1onna1re. ' 

As the field research progressed, a nurnber of a~vantages 

of the interview rnethod em~ed, in addition to the 

anticipated capacity for probing. In many instances l was 

passed on to individuals more ,inforrned than ,the initial 
-

respond~nt, -- those who had been with the firrn longer, or 

who had been invol ved' in spe?ifié gecisions, for exarnple. 

In the majority of cases, the personal interview culrninated 
. 

in an invitation to tour the plant. ~his provided me with 

opportunities for more detailed observations of 

rnanufacturing activities involvi.ng nc :technology; for 

further probing as a résult of these observations; and for 
v 

contact and questioning of ~ho~floor personn~l. ln 
Il> 

addition, the relative inf'orrnali.ty of the interview, as 

'agai'nst. cornmi tting o~eselr in wri t;.ten questionnaire 

responses, seemed to permit many r,espondents to free:lJy 
1 

di scuss mistakes and failurf:s in technological decisif>DS, 

and to make a variety of critical observations a,bout fC,' 
technology eir firm's utilisation'of it. J 

It was ed that the subjects interviewed wou~d be , 

-. 76 
.. 

, 

[. 
, 

, ' 

.. 



, . , 

o 

plaQt or production managers whenever possible. This 

category of manageme,nt is responsible for direetly 

overseeing the production process, and for translating 
" . 

. ove'rall priee guideline$ and produet demands into actual 

production runs. These managers usually have engineering'or 

technologie al training, are in close contacit with production 

engineering, shopfloor supervisory and maintenance 

personnel, and are a key source of information guiding the. 
; 

adoption and use of technology in the plant: 
~~ 

In 50 of the cases l was able to interview this categQry 

of management, er a close counterpart who was directly 

involved in production engineering or process plann~ng. In 

the ease of. one large air.craft company I"was provided access 

only to the Director of Engineering Personnel. However, .he 

was himself an engineer with â product~on background and 0 

appeared to be au courant with teehnological and production 

is8ues, and was certainly informative with respect' to 

training, promotion, apprenticeship and other personnel 

matters. " 

In the remaining ~ cases (6 in Quebee; 3 in Ontario) my 
, 

informants were junior _management or technical personnel, 

primarily programmers for ~C machinery. Although their . 
perspectives on ne technology were virtually identical to .. 

" 1 

) 

.. 
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that of plant and production managers, in 4 cases they were 

l~~~~ed about the history and background Qf their 

firms' adoption and use of nc than more senior personnel 
, 

might have been. In parJicular they were ignorant of the 

organizational processes associated with machine tool 

selection -- which managers were responsible for developing 

" capital investment plans and the exact sources of 

information used in the development of such plans. However, 

these informants were able to provide sorne use fuI 

information about the actual performance of the -machines, 

especially with respect to their programming, and also 

, providèd detailed accounts of the way they worked wi th ne ,. 

machinist~ and other shopfloor personnel. 

Research Foci 

My a~sesflment of the current state of 
.,.. 

innovation-diffusion research (including the labour process 

-\ 

, . 
1 
h 
i 

a~alysts) did n?t suggest an adeguate model of technological ~ 

c 

choice in relation to ne. Analysts such as Man~ield and 
r' 

,Globerman point to~rofit expectations as crucial 

determinants of ~1C adoption .. Yet,' giv~n the gap between the 

glowing descriptions of the potential profitability of NC in 

engineerin~ trade journals and tpe actual level of diffusion 

(see chapter four), such expectations probably depend upon a 
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number of othe!, underlying, conditions. Gebhardt and 

Hatzold's study begins to show sorne of the complexity of 

such conditions, and ~plare a variety of factor~ which 

facilitate or retard diffusdon. Despite their success at 
'\ 

identirying sorne of 'the ,determïnani:s t'hey note that the 

diffusion of nc is still highly ~neven, even within a group 
~ 

of metalworking firms (valve and pump manufacturers) which 

should clearly benefit ,from Ne. They suggest, but are 

unable to clearly prove, that managerial attitudes apart 

from profit expectat~ons contribute ta this pattern. 

The labour process model is si~ple! - management's 

overriding strategy in the pursuit of profits is to reduce 

labour costs. This requires continuous expansion of 

management supeivision and control of ,the labour process; 
, . 

and fragmentation and deskilling of labour. However, 

neither the evidence on managerial perspectives on labour 

(Gallie 1978), nor on deskilling (Jones 1982) support a 

str6ng version of this hypothesis. In other words, it is 
l , 

possible that there are instances where management do 
\ . 

attempt to ~educe the skill content of the labour process in 
1. " .. , 

search of cast reductions, or that this may sometimes be 
\ 

associated with conflicts with craft unions. So a more 
\ 

, 

cautious labour process interpretation would lead one to 
\ 

\ 
1 
1 
\ 
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expect that these instances ar s widespread, nor do 

they represent management's primary 'ective or. tactic of 

first resort, Nonetheless, ocess theorists must 

claim that concerns with labour costs are.in sorne quite . 
frequent circumstances salieQt and cehtral ~n decisions to .~ 

" 
purehase the technology. 

In my judgement, ,then, the current literature provides 
, 

us with a modifieq profit expectations model which stillo 
~ . 

does not account for the variability of NC adoption and a 

labour process madel which claims that labour costs are an . . 
important consideration for som~ unspecified proportion of 

decisions. The vagueness of these &pecifications of the 

theory does not allow rigorous tests'of hypo~hese~. 

Consequently, l am attemptibg to discover what patterns 

exist in manàgerial perspectives and actions'with respect to 
.... 

a number of aspects of the diffusion of nc technology, in a 
-~. 

carefully selected number of firms. 

i) The' first aspect is management strategy, Gold 

(1984) and Freeman (1982) are among the most prominent 

diffusion writers who emphasize the significance of 

variation in management' s strategie 0rt.entations for" 

diffusion deçisions. ~here are several possible strategie 

. orientations (wi th ~me parallels .to ~hose which Freeman ( 
., 

.... 

1/'// 
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1982, ch. 8) suggests for innovation strategies): attempting 

to bé among the leaders in testi~g new tec~nologies by 

a~plication in production situations; using new technology 

in carefully restricted appTiëations- and watching the 

results closely until the technology has proved itself in 

situ 1 waiting until the technology has been used 

successfully by others in the field. A fourth possibility 

is th,at there is no discernible overall strategy and that 

technological adoption decisions are made on an ad hoc 

basis, as and when circumstances require them. By this l 

mean that sometimes management waits for a technolo~ to 

pr9ve itself before adopting iti and at other times the same 

manage~ent will experiment and lead in the use of a new 

technology. The data disc1ussed in Chapter 6 suggests that 

the bulk 6f the companie~ in my sample followed a 

conservative strategy, waiting until the technology had be~n 
o 

proven and then adoptil)g i t for specific applications. 'Sorne 

companies did appear 10 operate on an ad hoc basis and a 

very few attempted to be technological leaders .• 
~ 

ii) The second aspect of concern, which is Nery! 

closely first, is that of intelligence 

processes associated with a 

technology which has nded to change increasingly rapid~y 
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since the arrivaI of the microprocessor. Before m nagers 

decide to purchase.a piece of equipment they have to find 

out about its existence and its potential perform nce. The ~ 

st issue here is how manager$ obtain informat'on about_ 

uction tèchnologies and how they evaluate sources 

content of this information. What is the 
, '\ ,-, --

weight attached to trades journal reports, mac ine tool 

company representatives ~nd sal~men, trade ex ibitions, 
~ 1 1 

industry associations, etc.? How systematic ~s the search 

for a machine tool once the dec.l.>sion to inveslt specifically 
l , . 

in no! technology is made.? To what extent i~ there 

systematic variation in a~s: to information? These issues 

are explore ~n Chapter 5. 

A related but distinct issue is that of the 

learning-by-using 'processes which may (or may no{~) occur, 

and the impact that these may have upori diffusion. It 
, 

appears to be generally assumed that such processes 

facilitate diffusion either by leading the pionee~ fir~s to 
1 

1 

become even m?re commit ted to the new techno.logy, or by 

inducing th~ laggards to jump on the bandwagon before a 
-;:J , Ir - , 

large technological gap develops. However, pioneering could 

al~o involve declines in efficiency and resource diversion 
1 

1 

on a large enough scale to slow down or reduce the p~oneer's 

/ 

1 
1 

/ 

/ 
/ 

1 
1 

/ 
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cornmi-cment to new technology and to discourage emulation by 

others. Rosenberg (1982, p.107) suggests that the latter 1s 
-

particular1y likely un der conditions of véry rapid 

technological change. The experiencés assoc'iated wi th lIsing 

NC technology are abalysed in~h~ter 6, pp. 211-227. 

iii) The third area of investigation is that of 

the labour concerns management may have. When l started out 

this' research i t t.seemed to me that mQst of t'he labour ...... 

process wri 1üngs far too narrowly. focuses on the 

issues of labour costs and control over the labour pr~cess. 

However, if these issues are indeed salient management 

cQncerns, then one would expect them to be doubly so in the 

engineering and rnetal working firms l planned to st,udy, 

where much prod~ction i9 still dependent upon high wage, 

. high skill labour inputs. In façt my evidence suggests that 

such concerns were major considerations for the majority of 

managers in my sample (see Chapter 7). 

iv) However, wage costs do not exhaust the range of 

labour problems industrial management may confront. Skill 
(t 

shortages that were persistent (for example, tool and die 

makers) a.nd short term.( for example, maintenance workers,' 

with skills in both mechanical. and electronic machine 
• 

compon~ analysis and repair) may exist or be intensified 
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by the diffusion of new technology. Not aIl firms are able 

" or willing tO,offer premium wages and'different 

labou~~technology combinations may emerge, as managemebts~ , 

de~elop different strategies to cope with skill·l~?rtages. 

Under conditions of a rapid, broad-spectrum; shift in 

technology, as in the case of microproë::essor t-echnology,. a 

skills generation gap may develop within the workforce. In 

this case younger workers, with less seniority may be more 

suited to promotion,than more senior employees, and tensions 

might develop between traditional patterns.of promotion and 

reward, and the demands of the new technology. The 

development of a skills generatiQn gap may also disrupt the 
, 

traditional arrangement of operating with a core group of 
< • 

established skilled workers employed, at least implicitly, 

on a last to be laid-off in bad times basis. Thus technical 

change and the diffusion of new technology may generate sorne 

very signifièant dilernrnas for labour force managemen~ 
, . 

dilemmas which have not been investigated or stressed in the 

class control approach of the labour proc~ss writers. Such 

issues of labour deployment, skill levels, labour training 

and l'abour shortages are explored in Chapter 7. 

~) Finally, NC technology itself has changed ov~r 
''-, 

,·time. Prior to the development,of the ·microprocessor, NC 
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controls shared many of the ii~itations of the conventional 

computer -- particularly limitations concerning the slow 

speed, complexity, and error proneness of programming. 

Microprocesso,r. cpntrols are faster, easier to use, and have 

become diagnostically sophisticated so that errors are 

~ ,'easi-er-to discoverbe.f0re ___ machining _Qccurs '-:_ In_llddition, 

interactive pr~grammi~g and proofing has.made the task of 
. 

programming more "user friendly" and accessib~e to the 

machine operator. On the other hand, the rise of computer 
, " 

aided design and computer aidedqmanufacturing ( CAD and CAM 

respectively, on which topics see Chapter Four), which 

integrate engineering design, prototype development and 

testing throug~ simula~ion in the course of producing the 

machining programmes, may have the potential to reduce 

shopfloor workers' role considerably. The history of NC 

technology is surv.eyehn Chapter 4, pp. 93-100,: 

The development of NC technology has had consequences 

for the machine tools themseIves~ NC automation involves 

mo~e intensive and contLJtbu~ use of machine tools which has ' 

led-to changes in construction to improve durability and 
". 

rigi~ity. Subsequently, the designs of NC machine tools 

them'sel ves were al tered . 
, \ 

The "machining centre" has 'emerged 

which combines the functions of'vertical pnd horizontal ~) 

~-~\" , .-.,r 
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milling machines, with those ~f the lath~.,nd the drill 

) 

press. Novel attachments to machine tools such as automatic 
. 

tool changers which ~utomatically feed tools in pres~t 
'. 

sequences acco~ding to the machining operation required, 
~ 

have becbme standard attachment~ to NC mills, latbes and 

machining centre~. Automatic multiple pallets for holding 

several pieces to be machined simultaneously ~r sequential~y 

have also been developed for NC tools. ~uch changes are 

(stilî in proce.ss ~nd herald, accord:ng to- sorne, a new age of , 

flexible manufacturing systems or wholly integrated 

automatic. factories wpere loading, unloading and aIl 
.: 

" machining is entirely automateq~ As y~t very few such 

operÊ~~ons exist with much approximation to this level of 

automation. However, these changes i~dicate that nc' 
1 
1 

,technology has itself altered very significantly since ïts 
1 

emergence in the 1950s. l try to exp~ore the ïmpaçt s~ch 
1 
1 

ch~nges in Ne technoîogy has had on. m~rag~~eQt's de~i~ions 

to use it throuqhQut the analysis in Ch~~r 6. As Gold 
1 ... la~ 

.' 1 

(1982) agai~ points.out this aspect of\the effect of 

technological changes on diffusion is ~ot yet systematicalty 

\ 

\ 

incorporated int,o diffu~ion studies .. 
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Conclusion 

In surnmary, then, ip order to uncover managerial 

assumpl;ions, pe7"spec'tives and strategi~s pertaini-ng to Ne 
;l) 

technology, 1 have interviewed a sam~~~ of production an~ 
"w:& 

plant 
. 

managers in engineering and metalworking fi~ms 

eurrently using numerical e~ntrol technology in Quebec and 
. " 

ontario~ The tirms' were drawn from different industrial , 
/' 

groups wi thin the engine,ering .qnd metalworking seetor: metal 

..... -fabrica tion, ~achinery manufactU,rer.s, transportatiçm 

equipment, and electrièal and electronic goods: The s~mple 

also ineludes both recent and ~onger term users of NC 
-

machine tools. In ~ddition the managers~er~ selected from 
1 

r-

a broad range of plants in terms of employment ~izé. Thus 

it is anticipated that the range of firms selected would 
1\. • 

-
. provide a clearer picture of the variety of factors 

. , 
influeneing the diffusion of ne technology than has emerged 

~ so far. 
l, 

• 

In rny next ch!lpter I shall survey the, dèveloprnent of NC \ 
-

technology ieself. 
,Jo' 
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Footnotes 

1. The one area of engineering which is excludcd by 
the declsion ta research only those fi r Ill:; 1 ()('.) t ('<1 
-in Quebec and Ontario is 0.101 drill ing éll1<J t;U t vey i Ilq 

equipment. Judging by the recent spreaù u1 1)(' 

2. 

3. 

using firms in ail drllling areas of Alberta illld 

the Maritimes this is a-sigl1lficant new i1U'cl 01 

NC application. Hawever, it is likely thaL ~;lIch 
appllcation is similar to heavy equipmeni I1ldllll 1 
acturlng g~nerally, and we do have several 01 
these flrms in our sample. 

Unfortunately the bUlk.Bf the oll-Lright 1 ('1 U::d 1:. 
(and wha t amoun ted, in practical terms, to t!}(' 
same thing, the months-long delay s ane] ('V,1 ,; 1 (J!l '. 

ln becoming availabie for interviews) wen~ 11 O!ll 

owner-operated small, precision machine :,l!op'; 
which ha~ adopted nc after 1981. In every Ccl:;(' 

pressures of buslness were Cl ted as obsiac1 C"; t () 
any lntervlews. 

At the outset of my study l intended ta tape al1 
of ~ the interviews. But first l found thai Lh i!; Wd!: 

impractical durlng factory tours where noise 
levels and mobility resulted in inaudible LapRs. 
As weIl, my third informant refused to be taped 1 ... 

al though he WqS willing to wai t while l wrot(' dowll 
his responses. Consequently l developed the 
technique of wri ting out my interview notes .1 n 
full in the company reception area (or in my c~r 
if there was no reception area) immedia te] y a f tc:r 
the interview from the "shorthand H versions l 
wrote during' the interview i tself. This perrni i t (}(] 
the recovery of the data "verbatim" without Lhc 
use of tape recording. '. 

'!;\ 

88 

J 



( 

c 
'. 

, 9 

Chapter 4: The Evoluti<5n of NC Technology 

.. 

Numorical control is a technique for automatically 
..... 

conLrolJ 1,ng machine tools such as lathes, mills and punch 

pre[.~ses . In NC, operating instructions are given to the 

machine as a prepared program of cod~d numbers indicating 

Lhe f coù, speed, depth and nature of cut, etc. This 

programme of instructions was at first prepared for storage 

on puncheJ cards, but storage on punched paper tape or on 

magneU c tape guickly pecamlAe' standard in industry. Wi th the 
" 

clcv,elopment of mini- and microcomputors in the 1970s disk 

sLorage and then "direct numerical control" (DNC) emerged 

where the programme was directly routed to machine tool 
.'t 

controls without the aid of a separate physical medium. 

Once the programme is provided ta the machine controls, the 

instructions can be carried out automatically with i minimum 

of humùn intervention. 

operation of production machinery originated in the 

eighteenth century. Xhe first pat~nt for such a mechanism 

was issued in France in 1725 for a knitting.machine 
, 

controlled by a perforated cardo In 1804 another Fr~nch 
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inventor, Jacquard, patented a knitting and weaving ll\élC'hjr1f. 

controlled by punched cards. A gap of over a century .r 
occur,ed before another ,signif icant flexibly con troll et} 

machine was develàped by an American inventor namcd SChCY(,I'. 

He patented a continuous-path cloth cutting machine [or l he' 

garment industry in 1916. This m~chine was control1ed by 
~ 

perforations in a paper roll simi1ar to the method tlsed to 

operate the then popular player piand. In 19'30 a paLellt W.l!'; 

issued to another American for a method for cont T 011 i ng t 11(' 

operation of machine tools by punched cards. Whlle d1] 

these examples incorporated the basic princip1es oi 

numerical control, their control systems lacked velsaljl lty 

and reliabili ty. The commercial development o[ con lemporel l'y 

numerically conhrolled machine tools is generaJly 

acknowledged ta have originated with the post-Second World 

War experiments to improve the manufactur~ of helicoptor 

rotor blades by the Parsons Corporation in the United ~lé1tes 

(Howe, ed. 1969, ehapter 1; Lynn, et al. 1966; Noble 1981, 

pp. 81-103). 

There are basically four generie types of NC machine 

tools eonsidered in terms of the degree and type of control 
<1. 

L.. 
system invol ved. The simplest type is manual NC which is 

the cheapest and least automatic. The numerical instruction 
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selects or initiat~s a machining movement which, when 

completed, reaches a stop which has to be manually reset in 

order to repeat the tnovement agatn .or to go on to th~next 

~movement in a sequence. Setting aIl the stops required for 

a particular job may take a lot of operator time if there is 

a large sequence, and even more time if particular 
1 

inspection or gauging for tolerance and finish is required 

i~_ the end of each movement. Because of the potentially 

large non-machin~ng time and operator intervention, t~is 
{-l 

Lype of NC is usually confined to simple work involving a 

small number of cutting ~vements and long production runs 

of large b~tches. This ~thod was applied, for example, by 

olle firm in my sample for a run of automotive engine block 

castings where high precision and fine surface finish were 

key, requir~ts. In thls instance the maChini~g ~ovement 

was a straigkt pass of the mtlling cutter over t~ two ends 

of the aluminium casting. At the end of each pass the 

machine would automatically stop while the operator unloaded 

the two finished castings and loaded the rd,\gh castings ontp' 

the machine: 

The next simplest type of Ne Is positional control Here 

the machlning and positioning of the cutting tool functions 

are controlled separately. The NC system controls the 
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positioning of the tool by identifying the location of cuts 

in terrns of a mat:rix via . x' and . y' coordinates. A' sJ.,mple 

timed machining cycle moves the tool to (;;~h c09rdin,ate 

locat:L.on and then acti vates the cutting or rtlàchining 
. . 

process. The tool does not eut or machine as it,is moved 
..r' •• 

between each co~rdinate posi~ion. This was the'first system 

of ne mach~ning ~o spread significantly beyond ~airoraft . 

industry. It i the easiest to programme, requires 
- ~ 

relatively simple controls and is consequently, a10ng with 

manual nc, the ~east expensive type. Yet it is emihently 

~suitabie for complicated drill work such as would be 

required for rivet" locations on railroad freight cars and 

aircraft. 

More complex is paraxial control which, in contra st to 

the previous1y m~ntioned types, includes the facility to 
, f 

perform macpining op,erations while the cutter is movin~ 

between the 'x,' 'y' cQordinate points. The most common 

form of this type of nc machining was straight line mil1ing 
1 

or Ne control1ed flame-cutting or welding.' While it was at 
, 

first applied independently to each axis or slide on the 

machine, later more sophisticated Syst~tt'ed' 'the~ two 

axes to be moved at the same time and speed so that straight 

lines at angles to the major coordinate axes could be cut,i 
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The most èomplex and costly fo'rm of Ne is 

continuous pa,th-or contouring which developed early in the 
" 

~ ~ 

a{rcraft industry. Here numerical instructions' dan specify 
• (1 

the required movements of severàJ, axes simul taneous'ly. ~\~he 
" " 

simul taneous control ef the cutter in several axes proviQe:s 

the machine tool wT>t,h the capacli ty lo produce the scu1,.ptored 
r l' 

, 

surfaces required for jet turbine blades, helicopter rotors 

and so on. 

Whil~ early generati1:~ns of NC m,achine tools tendéd to be 

specialised in one these four categories, later mOdels~~e 

taken advantage of the greater flexibility and ease of 

programming and have combined elements of manual, 

'po~itioning, paraxial, and contouring within a single 

mâchine: 
," 

" 

.' 

~e major North American metalworking trade jOllrnal soçm, 

after the 19601 Chi/cago Machine Tool 'Éxh.:fui ti~,-at which .the 
, , 

first generally applicable nc tool~ were exhiRited~ 

"Numericql control is a gi~nt step bèyond conv­
ional autornatic control. Not just another~ 

9:1 
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system, numerical control is a fundamental' 
philosophy of communicatio~~He~etofore, 
complete machining eperation have been 
automatical1~xecuted und~ contr~l of 
buil·t-in àevicd's such as cams, templets, 
masters,'limit stops and metered hydrau1-
iç systems, #bwever, th*setup and too1-
ing in using these cont ls are often ' 
eraborate, time consumi , and cost1y. 
These costs can be absor ed when large 
quantities of the same art are to be 

. made, but cannot be' j ustified ,in sQort­
run production.:' (Ameriqan Machinis~, 

'August 8, 1960, 100). 

.; 

. ~ \ 
The common feature of the -pre-Ne mechànical a utoma tion 

" 1 
methods is that before..rthe first part can !Je made i t is', 

'. 

necessary to mak~ a mechanical part rapging in complèxity4 . , 
from a template (1) slight1y simpler than the fin1al part, 

',' 

through a mode1 as comp1icated as the desired p~rt, up to 
t, ~ ,.. ~ 

cams (2) very mucR more comp1icated thaœ the part they 
t 11., ~ , 

Mech~nica1 methods of 
. 

produce on an automatic 1athe. 

automation also present storage and ;maintenance prob1ems 

since jigs (3), temp1~tes, models or c~ms ha~ to be 

preserved in order for repeat batches to be made. _ Stfch 

. ~items are·often bulky and mechanica1ly.complex so that o . 
... . . 

storage a~d matntenance gpsts can b~,significant. The -more , 
comp1icated, and therefol.'e cost1y, the preliminary 

~ 

fabricat~on of pre-prod~ction~echanical deVoices, the 

the batches of parts which have, to be producèd before the f!t' 

process can be econ6mic~1 (Abegg1en and Stalker, )-985, pp. , . 

" c.:g~ 
r 

", 

1 
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) 
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93-111) , Herein lies the major difficulty for much of , 

.'l{l1etalworking and engineering where, the bulk of items are \l, 
j/I 

produced in runs 

~uentiY th~ 
of srnall .and medium /Ch size.' ~' 
industry literature on Ne, whether user 

surveys or Ne ....!Qanufacturers' sales pul:?lieity, has 

consistèntly emphasized its advantages over preeeding 

automatie machine tool systems primarily in tèrms of shoFte~ 

\ 

\ 

lead timès (i. e. less time "speot ,Atting up 
- . ~'--_ .. 

production), the-saving in jig and fix 
,/ 

.the flexibilfty and ability fo 

batehes (Barran 1971; Howe 1972; fVan~ 973; 

Other advantages'are cited, most ~ominen .. 
abi~ty to produee complex parts, or part~ 

r 

small 

I.P.E. 1978). 

are the 
1 

f consistent and 

high q~ality, and reduetion 'of scrap. Direct labour savings 

and other labour related advantages', i t shou±d'~be 

emphasi,zed, are far less prominently rnentioned, usually at \ 
f! 

the end ot ~ists of the .. technical advant'ages" (5). . 

Aecording t6 the labour process ~iters such as Shaiken, 

however, .. in the 'design of new machines and manufacturing 

systems two ~ervasive managerial pûrposes ptand out: 
\,. 

reducing the amount of direct'labour and increasing control 
f " 

oyer the' manufacturing 'process'" (1985, 45). These two 
-.ç - ',~' 

design criteria reflect management's ulterior strategie 
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orientation towards labour ~ deskilrin~, demobili~atipn and 

social control at·the workplace. In looking at the 
, . 

development of machine tools, cull~ünating wi th Ne machin,.e 

tools in pârticular, an alternative interpretation of these 

design criteria Qan be suggested . .... 

History of Macnine Tool Development 

There is, however, an alternate model of the evolution 

• 
of machine design available. In this m~el, designs evol ve 

as a series of ~esponses to ~emands for the mass production 

of new products and the consequent requirement for 
1 

~ 

standardization (Landes, 1969, pp.306-3l7). As well, 
. 

machine tool design develops through learning by using, as a 
"-Jt-JI (1' 

procèss of responses to largely technical problems. which are 
,~ 

'Mt 

met, in the course of production with a given' technology. 

Finà!ly, processes of cross-fertilisation, of techniques and 
/ , 
instruments from one sector ot' manufacturing to another 

,-

occur (ROSenberg, 1963, 1982). Mass production required 

durability and ease of maintenance of'the manufacturing 

tdbls, and standardization and repeatability of tU~ut. 

These requirements intensified the search for mechanical 

solutions to the bottlenecks, poor quality and other. 

problems that w~re typic~lly ençountered as the scaae of 

\ 
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operations increased. 

. 
As more items became mechanized and 

mass produeed, a g!eater variety of machine systems emerged 
""' 

. J" 
, r 

~ which Ptovid~d models, inspiratton! and alternatïve 

, . 

solutions to a greater range of manufacturing problems (6) . 
• 

The stand~rd histories of. machine tool develèpment, 

culminating in the devel'opment of Ne ~end to present a 

pieture more .. 
eon'sistent wi th the latter processesi they do not 'provide _ 

1 . 
m~ch evidence of a fixation on labour~sts. The first 

generation of machine tools such as the Qathe, the milljng 
~ "-

maehâne ~nd the,gr±nding machine~was developed largely by , 
.' • .r'" 

Bri tish)tool-makers or nüllwrights sueh aso Maudsley, Nasmyth 
.' 1 , . 

and Whitworth responding to the demands for im~roved 

performance of the ~att st~am engine and the new w~ter- or 
o 

• Q 

steam-powered textile machin~s (Rolt 1~67, Steeds ~969). 

T~e r~se of ste~.po~er and mass textile pro~ction demanded 

much greater precisio( in machine compqn~~ts than yas 

required either by the earlier Ne~comen steam engine used 

simply.",for pumping water out of flooded mi,nes 1 or hand 

opera ted tex'tile maehinery. 
, , 

In his detail~d account of the development of this first 
\ 

generation of industrial tools and toolmakers Rolt argues, J , 

Ult ls an illusion to suppose that the machines 
evolve~ in Britain ln the first half of the the-

~7 

, 

" 
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nineteenth c~ntury by the 'fljt generat~on of 
tool-makers rapidly disposess'd a nation of 
craftsmen, On" the contrary, t ese t-ool-màkers 
and their fellows'were themse ves high : 

l' 

cr"aftsmen who evolved their improved tools prim­
arily to sati~fy their Qwn exacting standards 
of workmanship, 'They found that both existing 
tools and thè e~isting l'È!vel 0 an skill fell', 
lamentably short of, the st ard they set, and 
the process of building e skill into the tool 

'which they jnitiated was their answer to tpis 
tl1Jemma" " . : ",. Mor~over, the first machine t.oo-ls 
~re,not designed to ~place_ tradit~onal erait 
methods but to solve novel pro.duction problems 
which could not be surmounted in any other way" ," 
(Rolt 1967,' 14) " 

I~ addition to· the growing demand 'fo:r\ efficient steam 

engines and durable textile machinerYi 'there were séveral 

important consumer prod.ucts d-eveloped duri~ 'the 1)inet.eenth 
o ~ _ 

century which made similar ~emands·upon.ihdustiial 

toolmaking f~r, h~gher levels o~ precision 1 standar,diza tian" 

and duraBllity" In the United states, the mass demand for 

small arms generated major advances in precision machine', 
. 

tpols màny cf 'fhos~ designs'_originated in England but were 

rapidly trapsformed under New World. manufacturing, condit,ions 
-JI 

(Rolt 1967, Rosenberg 1963), The American small arms 

industry pioneered tracer technology for making wooden '0 

.. -gunstocks;, ela-bora ted the system of using j igs and fixtures 
1 

- specia~ised holding devices enabling th~ precision , -
, 

machining of large numbers of complex parts; dêV~'oped 
, ,. 

toolmaker as a speciaIist,craft, separate from t~~t of 
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millwright who designed and maintained basié production 

11 

machines; expandëd enorrnou~ly the range of application and 

. the var'iety or special measuring devices (Saul, ed.' 1970, . 

'In:troduction; Smith 1976, pp. 226-236~. Subsequently, the 
~ , . .. 

mass demand for ~_'roducts like the bicycle, the" se!'1ing 

machine and the typewJlter'requir-ed
o

new and improved machine 

too1s able to mass produce complex parts or p~~ts that ~6uld 
, \ 

be combined in complex assemblies .. In aIl .these cases the' 
, f· 

parts hadto'be produced both in grea~ numbers and with 
Q 

complete interchangeability and compatibility. While craft .. , - .," , 
methods of producti,on might have been able to producêparts 

precisely sC? that they we,re compatiDl~ "and t<!> ~tandard~~d of • 0, 

li - , 1 

dimensions, such meth~ds werê ~pmpletèly'incapable of 
, ' 

fabricating these parts in the volumes that were, demanded 
• Il 

. (Hounshell, 1984). 

In the '\twent'ieth cent'ury the two mos't impo!tant sources 
, d W 

of demand for machine tool desig·n ~innovation have been~ the 

automobile and'aircraft industries - the two large st 

dustomers ,for ma~ine tools (W?odbury 1978). 
<;1 

Both of these 

industries increased the demand for,htghl? specialised 
~ . 

- machrné tools of higrt:S speed 1 high pre~ision 1 and capable of 
le 

'h.:lgh :olume p;o~uction, for u~e in mass produ?tion 
, -

characterised by the p!inciplé of interchangeability of 

, ' 
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parts. The automopile industry as shaped by Ford's mass 

produçtion orienb\tion led the- way until the need for mass 

produced aircraft.~:<1ur:ing and after the Second World War 

joined'the automobile-industry as th~ major sou~ce of 
, ~ 

innovative demands on the machfne tool industry (Wagonner 

1966). 
. 

In response to these demands the 'sources of machine 

tool improvement diver.sified so that a combination of \ 

. ' 

advances in several fields have contributed to improvements 

in tool desi9n and performance. Among the more significant 

developments have been theodevelopment of the science of ,', . 

metallurgy which made possible the reliable mass manufacture , 
of high performance tooJ steel cutting tools, and later 

Q 

met~llurgical chemistry wh~ch le9 to carbide tlpped'cuttersi 
, . '-. o • 

advances ~in ind~striâl physi~s and chemistry 
, , produced 

synthetic abrasives and ~heir tûugh b9nding compounds for . , 

grinding machine wheel.s wh'ich haye been crucial elemehts of 

.automooti,ve production. Basic research on the actuàl process 
<> 

of metal cutting pione~ied by Frederièk W. Taylor r' among 

others, led to machin~ tool ,design ,cha~ees ,proquci~g 

heavi~~, more rugged machine~" with.greater rigiditr of tool 
" ..# III. 

and part holders which permitted fa~ter an~ heavier cuts 

with better surface finish and improved tolerances. 
f;-
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Eleclric power and hydraulic controls and transmissions 

improved smoothness of operations, permitted greater , 

constancy and accuracy of cutting speeds (which also 

conlrj btlted to better surface finish), improved holding to 

speclficd toierances, and con~equently improved 

st anda rdiza tion and interohangeabili ty of parts. The great 

range, precision and consi:ancy of cutting speeds also 

permltted the easier machinlng of tough and recalcitrant 

,) mct-rll sand other materials used in twentieth century 

lllÙtl!3 t ry. , 

Another advance ln machine design was the emergence of 

Lracer technology which originated in nineteenth century 

mallu[acturing of rifle gunstocks (Noble 1984, 82). By the 

latc nineteenth century cams, stops and trip dogs (7) were 

heing incorporated into industrial lath~s to automatically 

stop machining operatlons at a controlled point, to turn the 

, -
workpiece for a new machine sequence, or to turn the tool 

holdei to present a different cutting tool or,change the 

taol angle in pr~paration for the next machining sequence. 
-" 

These mechanical automation devices continued to grow in 

application and to be standardisect as adjuncts to most major _ 

~achine tools during the early t.wentieth century. By the 

late 1930'8 very elaborate automated machining cou~d be 

o , 
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achieved usihg these devices. AL this time also there 

émerged the "plugboard" technique of usin.g electrica l rel Cl y.!1 

and switches instead of ca~s and dogs. By rearrang i ng 

relays and switches on a plugboard a great variety of 

controlled machining sequences cou Id be set up 

(Koenigsberger 1978). On the eve of the Second World War 

*=>everal techr;iqu~s. 0f machine tool auto_mat~on had emerged 
). 

and been dem~nstrateJ#as technically fea~'ible, al thol;gh the 

lnter-war depression had not generated high enough detncltHl 
.. 

~'evels to generate commercial applications on any 

significant scale. Include' in these pre-war autom<1 t ion 

systems were EÙectro-mechanical devices, punch-card 
, 

controls, and. hydraulic controls. By the end of the wal 1 

there had peve10ped all-electric tracer controls, a digital 

computer-controlled l~the, photo-electric tracer controls, 

and a magnetic tape control system (~oble 1984, 82-88). 

These diverse attempts to autqmate machini.ng originated 

in t~e early 1920s boom in the demand for cars and other 

copsumer durables, but were given even stronger imretus 

during the late 1930s by military concerns for high volume. 

production of airplanes and weapons requiring new levels of 

design compl~xity and precision. Military production 

demanded rugged, durable products, easily replaced, whose~ 
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assemb]ed components were also easily maintained ugder 
'\ 

adverse conditions. At the same time war manufacturing 

jnvolved utilization of inexperienced, recently recruited 

and hurr.i.edly trained manpower. These two, conditions 
~ 

spurred ïndustry to experim~nt with new forms of automation 

and manufacLuring design. A third condltion also l~posed 

\.. ~ 
new constrFllnts on industria"l manufacturing: armafnents 

désigns changed through the,war, as more sophisticated 

.weapons were continuously developed. In industries serving 
< 

Lhc war effort, then, a new form of manufacturing that was 

both high volu-me- and flexible was required. Such 

flexibj)îty developed primarily in terms of traditional· 
1 

mechani~a~ion ~echniques, using automatic devices such as 

cams, tracers, etc. much more extensiveIy; developing even 

more el'aborate systems of j igs and fixtures i and developlng' 

more extensive specialisation of machine tool operators 

working wi th sèt.\P men now Iimi ted to a single type of 

" machine tool. 

The Development of NC Technology 

Modern NC control where machine tools receive 

instructions from a prepared punch pap~r or magnetic.tapè 

. emerged af~er the Second World War as - ... the brainchild of 
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a detence subcontractor for Bell Aircraft, Jonathan Parsons, 

and engineers at M.I.T. subcontracted by Parsons· (Noble 

1978, 326). Parsons had ~u~cessfully built his company up 

to become the countty's largest manufacturer of helicopter 
\ 

rot~r bl~des. His success arose rom his transformation 

a custom and craft-based fabrication process into a mass . , \ 

production operation. This he developed by app1ying .. 
manufacturing methods he ha~ learned working in the 

.. 
automobile industry, such as substituting a Chrysler 

metal-to-metal adhesive bonding for spot-welding (Noble 

1984, 96-97). 

The design of a helicopter rotor blade was very 
1 

difficult because of the large numbers of complex 

calculations involved and typically took over one perso~ 

year in production time: parsQn~ was one of the first to 

appli I.B.M. tabulating equipment to solve engineering 

of 

problems. He also developed a punched-card record system 

for p~oduction control and inventory using thls equipment. 

The complex contours 01 helicopter rotors meant that Parsons 

confronted not only design problems but considerable .,.. " 
difficulties in manufacturing aiso. Especially difficult 

• ~ i 

was the fabrication of accurate templates used in blade 

production to ensure that the contours wquld conform t~ 
o 
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specifications. The traditional ways of making the ternplate 

• was to calculate ~a set number of positions, usa a French 
\;) . 

curve to manually connect the positions, then drill, saw, 

and manually file to finish. This process was tedious, 
l' 

time-consuming, and inaccurate! Attempts to develop other 
-' ' 

ways such as graphical 'techniques were equally time 

consuming and did not produce, significant manufacturing 

gains.- 'The ultimate solution was the use of the I.B.M. 

tabulating'equipment at Parsons Corporation in calculating 

many more points along the curve, each with specifie 'x' and 

'y: coordinates. Then, using a technique of clo~~ drilling 
....." a 

Parsons had seen in the automobile industry, the curve was 

èut leaving a light#finish-filing only to pro~uce the 

required contour. This process still invol ved tedious" 

manual drill~ng ~ the Cartesian points. Consequently 

Parsons was impelled to explore the possibili ty of getting ~ 

the tabulated coordinates to directly control the drilling , 

process. This exploration coincided with the dev~loprnent of 

new United States' aircraft wing designs requiring 
-' 

integrally stiffened wing sections which posed novel 
\ ~ 

problems for precision rnetal rnachining. ~ 

Both Parsons and the United States Airforce sought 

solutions to their problems from researchers at the Servo 
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"Mechanisms Laboratory\of M.I.T. The~e;:~rChers were 

exp10ring practica1 applications for the emerging techno1ogy 

of computers'. The basic probl'em which both Parsons and the , 
1 

U.S.A.F. faced was twofold: how to speed up and reduce error 

in the extens'ive mathematica1 calculations required for 
1 

désign engineering the latesc generation of airera ft parts. 
J .. 

Second, ho~ to eliminate the tedi~ûs, time-consuming manual 

machining techniques required in producing the complex 

contours required. _ For );:>0.0 prob1ems the M. I. T. resear.ch 
\ 

team's solution was to deve1op.a computer tape actuated 

control system fQr the machine tools. The preparation of 

the computer tape contained the calculations required for 

design eng~ing. The work by the M.I.T. team resulted 

in a demonstratlon of the feasibility of continuous 

machining in March 1952 (Pease 1952). The sulfsequen t 
[ 

developmental work was large1y promoted by the U.S.A.F. in 

the pilot production of airframes for advanced miiitâry 

jets, the manufacturing of which required short cycle time 
..J . ~ 

between design and production of smalL lots of families of 

~ parts. During the 1950s the major users of NC~equipment i~ 

the united States (and elsewhere, Gebhardt and Hatzold 1972) 
1 

were the airf,rame manufacturers, aircra~'.instrumentation_ 

and electrical control companies, an~some comput~r 
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manufacturers. ~hes~ user companies tended to build their 

ôwn Ne machine tools. Such machine tools were~e most 

successful NC machines of the period, and were built before 
-

the est~blished machine tool manufacturers began to offer Ne 

tools op a commercial basis (Howe 1969, Ameriocan Machinist 
\ 

101, 102). -::t 
~he close a~soci~tion between the development of Ne and 

the primarily military requiFements of the. aircraft industry 

in the 1950s produçed a peculiar pattern of evolution of Ne 

machine tool design. 

,UNCowas developed'backward9. The first M.I.T. 
control was a complicated, expensive monstrosity 
tout€d as the answer to mass production of 
comp1ex machine parts for military aircraft. ' 
But due to NC's lack of infancy, ten y~ar~' of 
regressive developrnent was required before Ne 
(could make) its greatest contribution to indust­
riàl productivity. This contribution was a simple 
economical control easily adaptable to small 
machine tools. However, NC retained the complexe 
programming of its birth. Lt has taken an addit-
ional ten years ...... to dev~lop the èomponents 
and devices ...... to limit size and programm~ng 
compfexi ties so that Ne is nQw practical in the 
small job shop.u (Bylinsky 1975). 

Thus du ring the 1950s NC technolbgy developed at_the 

most complex level, ~s continuous path multi-axfs machines 

capable of producing thrèe-dimensional sculpted surfaces 

such as airplane and missile nose cones and jet turbine 

... 

~ ~ 
, . 

blades. EIseWh\re ~,n wanufacturing, automated. machine tools 
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continued to develop largely on the basis of established ., 

tracer technology (~C.S. Proceedings 197'2~. Contint,lous 

contouring machines were the'mos~ expens~~ to construct and 
---" 

thy most f~mple~ to programme and had few applications 
.' "1 

outside the esOteric requirements of aircraft.and military ( 

production. Noble's case that the deve10pment and diffusion, 

of this·NC techno1ogy would not have occurred without the 
, ,1 ~ 

U.S.A.F.'s s,upport (Noble 1984, ch. 8), i'5 echoed bythe 

major American en~ineering tra~e journal which observed in 

1957 that NC developed largel.y "as a result of hhe 

developments since the U.S.A.F. put·its dollars on the NC 

barrelh~ad ... " (American Machinist 101, 135). Gebhardt and 

Hatzold's study (1974) of NC diffusion also found a stronB . ' 

relat~ns~ip between the Qiffusion of ne and the weight of 

militar~ aircraft production i~ Western Europeçn economies 
.' . 

- f 

eve~n the ear~y 1970~ .(1974). 

Thus while the more economical and the potentially more 
o 

wide1y applicable' deve10pments of NC-.!r such as point-to-point 

positioning control and NC controlled tool changers wel'e 

developed by 1956, and in November 1958 the first Ne 

mach~ning system de~eloped for gen~ral as opposed to 

aircraft lJlachining"came on the mark~t" the spread of the new, 

téchnology was very slow. For instance, the Sixth Machine 
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Tool Exposition·at Chicago in 1960 was touted as indicatin1' 

a major break~hrough in the genera1 availaQi1ity of NC 

techWo1ogy (Fortune November 1960, pp~ 203-214, American 
• r 

M~chinist July 1960). -But the American Machinist review of 
. 

the show indicated that more than 90% of the machiQ~ 

exhibits were not Ne machines but were conventiona1 ones 

(Ibid., pp.lQ3-104). A review of a ~uropean machin~ tool 

exposition in the same issue aiso indicated that while 
(.!Y 

various types of étectical1y controlled machihes were 

prominent, these were primari~y tracer types, and Ne 

machines were even less in evidence than at Chicago (Ibid., ' 

pp. 112-113). In 1960 an American Socie~y of Tooling 

, Engineer~ estimate put the proportion of Ne machines as 7% 

\ 

( 

(in dollar value) of the total machine tools produced (Howe 

1969). Hpwever, the American Machinist did insist that NC 

was liable to expand considerably in point-to-point drilling 

applications -- the simplest and cheapest Ne apprication. 

Indeed the first low-priced NC machine ~as Pratt .and 
, 

whitney's , Tape-O-Matic' 'drilling machine~ introduced in. 

October 1961. 

The development of Ne machines invo1ved a variety of . 
technical problems far.beyond the coupling 'f computer 

teehnology with machine too1 operations. Aireraft 
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components are often very large, requiring large,- specially 

configured cutting machines. The alloys which make u, jet 

turbine ~lades and, aircraft landing gea; bomponents are 

, ~tremely tough, imposj,ng new demands on power, r'ig idi ty and 

~cutting tool characteristics. Manufacturing components to 
, 

xtremely .close toleranc~s also lmposes, major demands on 
" " 

" machine tOCJl design and manufacture to elimina te bac::klash, 

looseness, etc., and to develop highly accurate 

~ instrumentation 

" cutting angles, 

and guide beds to regulate feed ra~es, 

- and to minimise cuttipg tool wear and 

breakdown. In aIl these reguirements, how~ver, the demands 

on machine tool design and performance cap be said to be 

similar to previous cycles of machine tool development. 

That is, the machine tool industry, as.providers of 

production equipment to others.is periodically required t~ 
b 

respond ta the needs of a 'new rising .industry. As we have 

mentioned, such cycles occurr~d in the mid-nineteenth 
, . 

century with the development of mass production of firearms, 

the later rise of the making of bicycles, sewing machines, 

and typewriters and, in the twentieth century, ~ith,the rise 

of the automotive industry. 

The novelty of the development of Ne lay not in the 

evolution of machine tools andO-cutting equipment as such but 
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in the development of the contJ;.Olling equipment. The latter 

evolved parallel with the dev~lopment of the computer. 

Initially, as in the ,Parsons Corporation, mechanical 
tA 

tabulators were used to prepare more precise iniormation on 

which to base conventional manual machining (Noble 1984, pp. 
~ 

97-98). In the next stage these mechanical tapulating 

devices fed their calculations onto punched paper tape or ---. 

magnetic tape which then directly actuated machiné controls~ 
J.:t -, (. 

Since NC was used origina1ly by aircraft and re1ated 
f 

components, manufacturers who tended to build their own nc 
~ 

equipment, a major problem of lack of standardization . . 
between the machine designs, prQgrammes, input f~rmats and 

_ J 

control devices soon emerged (Noble 1984', p. 176). By 1958 

the need, for standards for ne equiproént .became critical; , , 
Electrical eq~ipment manufacturers were trying to ~upply 

interchangeable controllers to aIl their cMstomers while 
1 

data processing companies tried to contain the ·grÇ>wing 

diversity of programmes. The Electrical Industries 
1 

, 
Association sponsored and organised the efforts toward 

,.. 
standardization and these gradually spread throughout the nc 

using industries (American Machinist, May 1958, p. Ill). 

In---rts -~rly ~d~veldpmenf.aî "stage~s--;-:15etween I?53 and-~-_ --_ 

1956, programmirig for NC required understanding machin~ tool 
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operations and capabilities, tooling, machine practices, 

-~, 

analyti~al ~eometrYI advanced algebra and trigpnometry, 
l ' 

computer prograrnrning, coding techniques, and computer 

application-and usage. It was difficult at that time for 
, ' 

~ 

practical shop people with a tool analyst's background to 
.... , 

'write N~ograrnrnes.~ Rubsequently this task was facilitated 
7 

by the development of symbolic program~ing' languages readily 
" (\ ' 

nnderstood in the tool designer's~rade. Such languages are 

based on contraction and/or truncauion of the words used in 

the mach~ning trades and on numerical pprameters accepted in 

shop practice. Systematic devel~~ment of Ne prOgramming\ 
1 

began with continuous contouripg pragramming at M.I.T. in 

-June 1956, un der contract tO,the U.S.A.F. as a corollary to 
, ~ 

a similar contract fpr the development of hardware. This 

work u.l?timately produced A. P. T. (A'utomatic programmed 

Tools), and AUTOPROMPT, a more generalized machining 

programme subseqUently marketed b,y'LB.M. from August 1961 
4i$ , • '. 

on. Simpler point-~o-point Positioni~g ~mmes., developed, 

in 1962, and simplifications of,AUTOPROMPT bec~me available 

in 1964. .. , 

~ 
These programmes produced a generalized forma~, for ... 

example for a fype -'of milling 6'peration, 0+ la,the' operation. 

However, in most cases these programmes 'could not be use'd 

112 

" 



c 

. , -

indiscriminately on aIl type~ of machine tools which differ 
Po 

1 

according to make, size, tooling specificatio~s, etc. Thus 
ft 

post-processor programmes were required to conve~t the 
. -

general;~zed NC programme into one compatible with the 
<ciP' 

quaiities of a specifie mak; of machine .. The gerer~lized 

programme provides arithmetic data relativ~ to the pattern 

that the cutter centre must follqw in order t~produce a 

given part. The post-processor programme tabulates such ., 

fàata into a tape format tailo:eo to the particular tool and' 

i ts controller. 
-. 

The adventcof cheap' and reliable computer power, first 
, 

in the form of minicomputers and later in the form of 

m±croprocessors~ made possible sophisticated, flexible, and, 
, . 

easy-to~use p,rogrammable controls, with programme storage .. 
capacity in the machine tool control monitor itself. This 

meant that smaller engineering and metalwbrking firms cduld 
~ 

utilise NC without the need to build up expe~sive 

department~ of specialised computer ,tèchnicians-and process. 

engineers. Manual data input permitted programming, 
i'~~;' 

programme'editing, and programme optimising by skilled 

machinists on th~ shop floor, marrying tra~itional shopfloor 

machin~ng craft.skills with the new, flexible computerisêd 
- 1 

• controlling techniques (Hatschek, 19~8). 
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However, it was precisely.the rise of cheap, flexible 
. 

computer power which made possible th~ development of 

"computer aid~d design" (CAD)', "computer aided manufac'ture"_ 

(CAM), computer integrated manufactuJing, flexible 

manufacturing systems; gr6up technology and other recently 

hailed forms of "high tecl1" production techniques (Arn'eri~an 
\ 

\ 
MachiQist, January }83, pp. 91-98; Bylinsky, 1981; 

Po 
Zeiderberg, 19~4). Computer aided design is basically 

( 

desilning , drafting and analyzing using video display 

terminaIs and computer g.raphics. Computer aided .design 

(CAD) both speeds up the traditionally· slow and laborious 

work of drafting and integrates the design and analysis of 

products and components into the drafting operation. 
--' 

Currerit CAD technology often'permits both design through 
l' 

assembly,r disassembly, rotation through different 

elevations, and enlargement or shrinking of details, as weIl 

as analysis through simulated tempe.rature changes, 

mechanical stresses and other conditions relevant to real 

world operatiop and use of the part. Such on-:.screen testing 

can save the enormoùs, time and expense invel ved in 

fabricating prototypes and then testing, modifying and 

retesting. 

Computer aided manufacture (CAM) is the latest 'ph~se of 
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Ne, known as DNC, where machine tools are controlled b~ -
direct input from a computer rather than thraugh the 

lptermediary of paper or magnetic tape. When CAD and CAM 

are joined together the onscreen designing and testing of 

produc~s generates a bank of computer instructions for 

",anufa:u:ong a component, or for rnaking the required tools', 

dies ail ulds necessary for making the component. This 

integration greatly reduces the time between design and 

production, making it cheaper to move to new models, to make .. 
mid-production ~esign changes, to customize production, and 

to set up short production)uns. ,-

As was the case wi~he first decade of nc technology, 

lt~ prime originators and users of CAD/CAM systems have been 
\ -

the aebJspace industry whose production needs are the most 

complex and costly in engineering (Bylinsky 1981). But 

supporters of the technology have argued that CAD/CAM is 

part of an evolution toward 'computer integrated 

manufacturing' (ClM), which will .. ake industrial metalworking 

and engineering into ua process a, ~mooth and as easily 

supervised as the flow of liquids in computer-controlled oil) 

and chemical refineries is todayu (Bylinski 1981,108). C.E. 

Marchant, a director of scientific researchJat,Cincinnati 

'~ilacron has hailed ClM as having ualready demonstrated far 
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greater potential to increase manufacturing prbductivity and 

quality and to reduce manufacturing costs than any other 

technology since the onset of the Industrial Revolution" ., 
(American Machinist January '--.l983 , 91) . However, the fully 

au'tomated factory envisioned ~h people involves not 

just connecting CAD terminaIs to computer-controlled machine 

" . tools, but thoroughly computerizing a plant's manufacturing 

operations f including control of the flow of parts and 

materials and movement of products t~ugh the various 

stages of manufacture. In drder ta translate the en tire 
, 

manufacturin~ process into the precise, unambiguous steps of 

a programmed routine an enormous work study programme woul cl 
~ 

have to be initiated, ~ollowed by much reorganization of 

traditional work patterns, fûllowed by a long perim] of 

modification and testing as ~ new syst-em was pul into 

operation. 
o 

But manufacturing procedures are often irregular alld 

idiosynCratic~retions of customs and personal qUi~kS 

. which vary from pkt to plant, and even from one tcchnic Lan 

to another in a given plant. Even in engineering many 

acti vi ties are qui te cratt like in havin~iquelY 

.. optimal solutions which Cqn be adopted as standard procedure 

(Shaiken 1985, pp.190-216).). Moreover, the field of 
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CAD/CA~ devices has developed so recently that there is a 

great diversity of incompatible computer software and 

hardware in use. Consequently, highly automated factory 

systems opera te only in a few instances, generally with 

higher levels of labour input and conventional activities 

than their publicists initially forecast (Zygmont 1986). 
1 

Firms which attempted ambitious computer integrated 

manufacturing programs have experienced problems ranging 
. 

from extremely long periods of debugging, far less 
J 

flexibili~y than i~itially anticipated, and a far more 
-' 

/ 

extensive array of expenses. Hence there appears to be sorne 
. 

retreat from attempts to computer-auto~ate entire plants and 

a-move toward "group techn.ology" where three or four 

machines are computer coordinated, often with automated 

transfer of parts' from one machine to the next. These 

• 
groups of eomputer coordinated machines opera te as·islands 

o~ automation" in otherwise conventional plant production 
~~ 

systems (Blackburn, Coo~bs and Green, 1985, pp.l33-138). 

The overwhelming majority of engineering and metalworking 

plants still use a mixture of con~enti~al and nc machinery. 

Why'and how such plants adopt nc machines is the 

subject of the following chapters. The method of data 

collection-for these chapters allows one to appraise the 

• 
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~ ~ 
extent ta which gettting more detailed data than w~s 

available for writers of the s~andard histories of lhe 

technology reveals a more central raIe for labour costs th1ln 

those histories would allow. 

1. 

2. 

3. 

4. 

5. 

Footnotes 
/ 

Template~are thin, hardened,metal plates shaped 
to the contour required of the finished piece. Thcse 
plates are clamped to the workpiece to force lne 

cutting tool to follow their outline. .., k 
Cams are devices"which convert circular motion into 
reciprocalor variable motion. They are used a' 
levers toOalter a tool's cutting path or as par of 
a mechanism to switch from one cuttin~ tool ta 
another. 

A jig is a device for ensuring that holes to b6 
. drilled, tapped or reamed in a workpiece will be 

machined" in their proper location. It consists of 
a clamping device 'to hold the workpiece under 
hardened steel bushings through which the drill 
a~d other tools can pass during each machining 
process. 

Fixtures are devicés for holding a w'orkpi ece during 
machining operations. It ds fastened to a machine 
or bench in a f.ixed position. It does not çontain 
special arrangementa for guiding th~ cutting tool 

1 as jigs do. 

t'what is a technical advantage and ho~ it might be / 
distinguished from a l~bour related advantage is C 
not alwaY$ clear. Thus the ability of Ne machines 
to produce standardized precision parts etc. could 
be construed as an advantage over conventional 
machining dependent on craft skills and therefore 
a labour related advantage. l use the term~labour 
related advantage to refer to"such things as 
replacing skilled labour by le~SkJlled labour, to 
organize production to impose crC i e pacing of jobs, 
and to significantly reduce la 0 r input in the 
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production process. 

6. Noble (1984, Chapter~~) provides an interestlng 
example of thi~ cross-ferttlization in his discussion 
of the origins of the ideal of the ulabourless u 

factory. He shows t~at the' ideas of advanced 
automation of engineering in postwar United State' 
were derived from the experience of the chemic~l 
and petroleum industries. ~ ... 

7. 

• 

, . 
ALI of these devices are variations on the lever. 
As'the cutting tool moved ta the required finishing 
point, a cam or other device would be acti~ated so 
that the next phase offmachiping could take place 
by changing the position of the cutting tOOl or, in 
the case Of

9
rets or multiple tool holders, by 

rotating the t rret so that a different tool would 
be in a positi n to machine the workpiece. 
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Chapter 5: Information and Machine Tool Selection . 

• 

\ 

Introduction 

The diffusion of new technology is in part a process of 
~ 

gaining information about the performance capabilities of , 

new machinery. It is possible that this obvious feature of~ 

diffusion accounts for diffusion writers ta king it for 

granted. Where the co~ts of information, constraints on 

acce~s.to information, and other sources of imperfections in 

the distribution ofLinformation have been made explicit 

areas of analysis in a variety of economic concerns, 
r 

this is not ~he case for diffusion analysis. For example, 

Mansfield'~ influential ~pidemic,model assumes ft population. 

of potential new ~ephnology users operating with correct 

profi~imates (see above, p. 21); estimates which undergo 

no change as experience in using the new technolqgy 

develops. ' The source of this surprlsingly accurate 

knowledge is nerer explained. ,As a resu1t it is not. at all 

clear how management learns about new technology; whether 

managers keep abreast of téchnological change r~gardless of 

immediate capital investment needs and.decisions; and 

whether sources of general information for such monitoring 

, differ from those used when in the market for new equipment. 
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These issues are 

coulcl. contribute 

important becaus.e informo/ti'On about them 

to identif~ing more precLselY ~he natur: 
't 

and limits to optimizing in the diffusion p::to'cess, and to 

discovering whethe~ these limits vary with different firm 
o 

characteristics (such as size or market position), and 

change over time , i.e. as the technology becomes more \ 

The analysis in this chapter focuses on responses to 
( 

questions on tne sources of information used in machine tool 

selec~ion decisions, what company personnel were involved in 

machine acquisitions, and how the choice of a particular 
8 

tooling,package or machine was made. The re~ponses to these 

questions were coded by identifying repeating response 

elements and weighting the ortler10r sequence in which these 

elements occurred in statements (1). Each response's 

weighted score could then be used in calculating the 
\ . 

salience of this element across the total sample response or '" ' • within particular subgroups of firms in the sample (2). l 

shall analyse the response~y looking first at the mos~ 

general patterns common to the bulk of the sample. Next we 

shall look for variations and differences between and within 
. , ~ 

indust~y s~gr~ups (aerospace, electronics, sheet metal, 

etc.), and for differences accordihg to firm size. Since . 
, '-, 

-1. 
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ce 

the questiQns asked about information in machine tool choice 

covefed each company' s entire period of NC usage, l shall 

look for changes over~time as weIl as purely contemporaneous 

.. differences. 

General Patterns 0 

Clear differences emerged in)the rank order of sources 
/ 

of i~rmation used generally, and in those used in the 

course o( de~eloping an actual machine tool acquisition 
- 1 

equest. The rank order of the'weighted scores (see ", 
Footnote 1) summed across the whole sample are given in 

, 
Tables 1 and 2. 

Table l. ! 
1 

Information Sources for Monitorirrg Technology 

Source .. 
Salesmen 

Journals 

Brochures 

Shows ) , 
..... Other Users 

Sub/Contractors 
'(j 

Trade Associations 

122 

/ 

'. 
Score 

75 

59 

32' 

~ 20 

19 

, 16 

5 
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/ 
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/ 
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Table l 

Informat~on Sources for Machine Tool Acquisition 

Source Score 

Brochures 81 

Other Users 54 

PJtice Quote Comparison 49 

Shows 18 
; 

Table 1 indicates that machine tool salesemen and 

technical-trade journdls are the prime sources of general 

information which plant and production management use in 

keeping up their stock of knowledge about current 

manufacturing technology. However, in developing 

requisitlons statements outlining the plant or department's 

needs for new equlpment nei ther of these information rS,olilX:e's ..,. -. '., -
~ \ 

were relied upon. As indicated in Table 2, in the latter 

instance machine tool manufacturers' brochures were use~ ~s 

the major source of information conce~ning the technical 

specifications of the machine, i±s accessories~ an~ its base 

priee. Usually after sorne narrowing down of the field, the 

experiences ~f other users were sought in order to ~alu~te 
the performance of the equipment under actual production 

conditions. 
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The differences between the sources of information used 

in monitoring (Table 1) and those used in the search and 

J selection process leading to acquisition (Table 2) suggests 

that industrial management use different sources of 

information in monitoring the progress of pertinent 

industrial technology, than in the capital acguisition 
" process. Keeping informed about relevant technological 

developments involved using a quite diverse group of 

informational sources. Many of these sources involve very 

little cast to the firm. Indeed the prime 'source is 

costless, since lt is the machine tool salesmen who. 

routinely visit the plants in search of purchasers, bearing 
J 

brochures and video cassettes containing detaïled 

information about their machine tools. The bulk of our 

respondents indicated that once they had purchased their 

first NC tool they actually became part of t4le "circuit" in 

which NC s visited or mailed updated 

information. In this process the costs of information 

delivery 

sUPfiers 

jcarried in 

what other 

particular 

aIl on the machine tool manufacturers. and 

Several informants also mentioned that salesmen 

ormation of a moré informal kind, i.e. concerning 

companies cwere~, who was in the ;'arket }or 

tooling packages, user experience of various 
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. 
machines, and so on. Salesmen, then, constituted a 

signifi1ant so~c~ of information about both the range of 

equipmen\ avaifable and torthcoming from the major machine 

tool manufacturers, and about the'use of ~achinery in 
. ~ 

particul'ar companies. 
< , 

Technical or trade journals, the second most important 
~ . 

source of information in technological monitoring,was also a 

relatively inexpensive modt qf information gathering for 

many firms. Respondents from large f~rms tended t@ report 

'" that the firms t~ey worke~ lor had built up extensive 
r 

technical libraries pertajning to manufacturing processes. 

The majority of respondents, however, indicated that they 

personally subscribed to trade or techn~cal jou~nals, or 

they ~eceived use fuI engineering journals as an 

accompaniment to their membership in trade or professional 

associations (3). Thus the costs of obtaining information 

" 

from these sources Mas laFgely borne by the individuals in ~ ~ 

management positions and not the companies for whom they 
c • / worked. (However, ~n the case of tqe four largest firms in 

Jr 
• my sample, such professional memberships were .paid for by 

the employer.) 

Seve~al other spu~ces of information mentioried such a~ 

contractors, subcontractors and Trade Associations are also 
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low cost sources. Contacts and communications with 

contractor~, sbpcontractors and Trad~ Associations are an . 
. essential part of most engineering and metalworking 

enterprises regardress of"·the'possibility of technological 

information transfer. If such information can be ---
disseminated during such contacts then it constitutes an 

added benefit. Much of the technologie al information 

obtained from other users seemed to arise either from c~sual 
~ 

contact or from contacts undertaken for.other purposes so 

that transfer of knowledge about ne technology was again a 

low cost byproduct. Gnly the major machine tool exhibitions 

involved significant costs associated with absence from 

work, travel and accommodation expenses, diversion of 

managerial energies. to prepare for optimum use of 
• 

exhibitions, etc. However, such exhibitions bring togethe~ 

the world's leading machine too! manufacturers with a 

array of demonstrations, the best ~rmed technical r 

personnel, together with seminars and conferences. In 

large . 

addition such events are occasional, so that the cost is 

episodic, and the amount and quality of information gathered 
.. 1 

is probably better than that provided Dy the regular 

"circuit." : 

~ While monitoring the state of manufacturing technology 
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in their industry, production and plant managers us~a a , 
broad range of diverse sources of ~rmation. In' the search 

l ,---JI ~ 

and evalu~tion process prior to~capital inves{~ent~ , 

attention was focused much more narrowly. Information 

pertaining to the acquisitions process was limited primarily 

to machine tool builders' or distributor's brochures 

documenting the technical sP:cifica~s of the machinery, 

and next to evaluating.machine performapce in production; 

itions by visiting other users. Brochures were used'in 

to develop a spreacl sheet which listed the 
L 

machine models from several builders acco~ding to 

ajor technical characteristics, optional features, and base 

priees. In ~y instances this would be followed up by a 

request to the machine builder or distributor for a list of (' 

,users of the particular ~achine, and a round of visits to 
1 . ." 

o other us~rs would fol"low (4). 

This process reflects two major aspects of cap~tal 

investmept - the sheer cost of the inïtial investment, and 

the lortger term impact on costs and profits that the new 

capital eq~ipm~n~ will have. Currently, NC machine tools 'f 
...... 

such as mills, lathes and machining centres cost from 
r. 

$25,000 to $750,000, while their conventional counterparts 

cost from $15--,000 to $60,000. The divergence in èost 
l 

\ 
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,~ betweèn -the two types -of machinery is often increased by the 

sometimës 'hidden expens'es of the greater preparatiG;nd 

learning involved in using Ne machines effectively (5). As 
, 

o 
. 

the proprietor of a sma1l general machine shop said, -Buying 

Ne ~quipment is not like buying a car. Unce you've got a new 

machine you have to learn how to make money with it fast. 

With a car you've got a fixed debt, with a machine you've 

got a debt which will grow uhle.ss you get rid of i t through 

making enough money to payback its cost in the first two 

years. Then you have to ~ake enough money before it wears 

out or gets obsQlete to be able to finance a replacement.· 

- While this soef pr~ssure is pe:r;:haps fel t most acutely 

by small firms, it summarizes the conditions surrounding 
, 

machine tool acquisition throughout industry. These 

conditions turn management's attention to close scrutinyof 

the machinery's technical characteristics and priee. In the 

process the testimony of machine tool salesmen is di~counted 

in the acquisition process. The reasons why this is so were 
~ (/' 

suggested by informants in different branches of the 

aerospace industry. ·Salesmen are the least reliable as 

sources of information about machine toolSi you're much 

'better oft reading company bro~hures and comparing them 

carefully . In fact it' s be an effective 

1) 

very dif~iCU1~to 
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machine tool salesman because you need practical shop 

experience on a whole range of machine tools in arder to 

underdtand the requirements for nc. ,Most salesroen l've met 

have ~orked wit~ a few of the machines and have really 

speciqlised knowledge of one or two types of machine at 
() 

most. If you're"interested in those machines specifically 

you might be lucky and hit on an expert salesman, but l'd 

still rather rely on my judgement since l don't ~eally know 

what k!nd of machinists they were when they worked in a 

plant." A senior programmer at a jet aircraft parts plant 

who hac] been both a machinist and an Ne machine tool 

salesman also pointed out that, "E~en if you know a lot of 

mélchini ng techni gues and you' ve used different types of 

-mach ines, t here are sa many special applicatiç:ms in 
, 

engineering that you can only give general advice to any 

compilny Each firm uses spé?cial materials, and the 

<i 
dlmensions of parts can give rise ta aIl sorts of problems 

of heat expansion and stress that you have ta be careful 

wi th in set ting up and process analysis. A salesman can' t 

possibly kn~wtll 'these detail~ of his customer' s work, a11 

he can know a e the basic featutes of the machines he's 
,! 

~selling. "r-. 
Table 3 lists the weighted scores (see Footnote l ) for 

.: 
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items found in machine tool selection'prior ta 

purchasEilo-

Table 3 

Cri,teria Us,d in u Selectinq Machine Tools 

Cri teria .J 

Technical Specifications 
~, 

Builder's Reputation 

Price 

Restricted Choice 
o 

Ease of Supply ~ 

use~' s Tec~nical Lepdership 

Score 

110 

51 

34 

17 

7 

6 

/ ~y an overwhelming margin the te~hnical specifications of 
'. 

. 
mac)ünery were the most important cri terion used in 

, l ./ 

e~aluating modelk for potential purchase. The next most 

important crit~rion -- the m~ine tool builder's reputatiop 
" 

-- is closely re1ated to the primary choice criterion. It 

refers to the reputation the machines of particular builders 

.have for reliabili ty, longevi ty, and accuracy, and to the 

builder' s record I~nlroviding advice, back-up in 

emergencies, routin maintenance and spaLe parts. 
'--------

For plant 

and production management, these two concerns - the right 

machine for thè job, and a which will perform 

1/ 

r 
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reliably with a minimum of down time or with sw'ift servièing 

and backup - are obviously the essential critera for , 

~ evaluating and selecting new machine tools. 

• 

d 

Other criteria which were mentioned with sorne 

consistency included priee, severe restrictions on choice of 

machinery, ease of supply and technical leadership. Price 

was mentioned as the first consideration in 10% (6 of 58 
f 

cases) of the responses. In g~neral most respondents 

~layed a "yoCl get rhat you pay for" approach to machine 

tool acqu'isi tion. Not surprisingly respondents from medium 

and large firms reported occasional arguments with financial 
1 

management over the cost of recornmended machine tool models, 
, 

while the heads of small firms complained about the price of 
l , 

nc tools. In the former, instances were mentioned wbere 

financial managers failed t~ understand the need ta pay for 
./ 

high qualit~ production machinery. 

In four cases, 'informants indicated that there was 

virtually no choice between machine tool bu~ders or 

.machinery models when they were in the market for Ne 

equipment. For two of these cases, a custom sheet metal 

fabricator and a shoe mould manufacturer, this was due ta 
(1 

thed.r pion@ering a~cation of ne technology to their field 
( 1 

of manufacturing. The other two cases were also early users 
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of Ne equipment, buying at a time when only one machine tool 

builder manufactured the appropriate machine tool. This 

situation was quite prominent in retrospective accounts of 

the initial choice experienced by early users of N~ - those 

'fi who had adopted this technology before 1970. Subsequently, 

the lack of a range of machine tool builders, suppliers, or 

models to choose from became an exceptional ci~umstance . 
.- ~rl' ~ 

~ -"" 
~n terms of changes ~r~ime no respondents repo~ted 

any significant change in the information sources they used 

'" to monitor Ne technology. That is, the least cost sources 

sucli\as sa~esmen, technical and trade journals, and 

brochures had been the major source~ of information about 

productio~ technology prior to computerisation of the field, 

and had not been displaced by alternat~ve sources as a 

resul~the rise of Ne teçhnOl~gy. The only change 

• reported was an increase in the volume of information now 
.~ 

available. 
.1 

with respect to the machine tool seleétion and 

acquisition process there was a clear shift from situations 

of no choice between makes or models, or of extremely 

restricted choice, tO,a situati?n of abundant choice. 

parallel with this change is the fact that fewer companies 

reported working with the machine tool builders to devclop , 

c 
132 

.. . 
.. 



( 

, 

c 

" , 
tooling packages geared specifically to their own special 

production needs. This rèflects the developrnent of , 

off-the~shelf rnodels which have been-designed after yéars of 

such custom building to be flexible and adaptable to a 

br~ader ~ange of applications (6). One example of this 

process was that of a large American auto firrn which was 

·negotiating wit~ss manufacturer of Ne lathes with a 

~iew to redesigning them for mass production applications 

(see below, pp. 148-150). 

Two broad consequences of the growth of user experience 

as a result 01 the diffusion of Ne t~chn~logy were rnentioned 

as of respondents. First, the 

themselves had bec orne clearer 

about the requireme ts of Ne users, so that both machine 

tool designs and th information contained rn builders' 

brochures and cq.sse were more realistic in the 

performance claims m and more adequate in terms of the 

n presented. The'second consequence of 

growing exper ence is that the Ne users themselves have 

developed a better sense of their own requirements, a~d 

their experiences have also provided a fir~er foundation for 

evaluating manufacturers' claims and publicity material. 

Before moving away from this discussioQ of general 
" ..t 

-, , -
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patterns in information gathering and use in relation to 

machine tool'acquisition 1 should present the information 

gathered concerning the choosers of machinery in the firms 

investigated. The majority of the companies in the samp1e 

involved two or more individuals in the deve10pment of 
• 

capital acquisition requests (36 of 57 companies,or 63%). 

In Il cases the informant"was not able to prbvide me witn 

this information (see below, p. 136 ). Of thé ten companies 
• 

where it was reported that a single individual developed 

capital requisition statements, five of these were smaller 

machine shpps in which the owner or senior p_artner m~d~hls 

decision. 
" ~ •• À-

In the éase of the 1argest of the tool and die 

c~anies, 
, 

the toolroom.supervisor-cum-NC p~ogrammer (an 

ex-tool and" die maker) was responsible for acquisition 

requests. In the remaining four cases, production or 

manufacturing engineers who headed a particular 

manufacturing subdivision of a larger company were 

responsible. It is interesting t0 note that Ne programming 

personnel were not prominent participants in the search anù 

selection process. 
~ 

---------------­Primary or major involvement was the 

exception rather than the rule even though informants with 

this background argued that their exclusion had been 
\' 

associated with seriously flawed choices of equipment. This 
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- was reported in the case of a major aerospace manufacturer 

who has be~ leader in the nc field, as weIl as occurring 

in the case of a major jet englne manufacturing plant. 

Although the Ne équipment investment justifications 

involv.ed significant financial outlays financia~ management 

personnel wère not often directly involved iri the initial 

form~lation of the requests. This was overwhelmingly the 

task of manufacturing, production and plant engineering 

management with a close relationship to the physical tasks 
\. 

of production. Financial management received these 

justifications and made the final investment deéision. Even 

in times of rising demand the clear subordination of 

production management to·strict financial justification ~as 

clearly expressed. 

-~ No doubt a labour proQess writer ,would make much of the 

fact that there were no references to shopfloor involvement 

in the selection and ,acquisition of machine tools. No one 

in my sample volunteered any information or case histories 

which suggested that workers are consulted about their 

experiences in any explicit or systematic way. Doubtless 

machinery and equipment which work weIl for workers are 

freer of maintenance problems and are more'productive and so 

are 1ikely ta be seen as good selection choices by 
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management. But this aspect of the labour process seems to 

be regarded as a technical feature of the machinery rather 

than as an element in labour relations which re~ires 

conscious attention. As we Sh~~l see in a ,L ter ~aPterl 
1\ ~ 

preserve which is 
, 

technological adoption is a management 

rarely Chal~bY the workforce fat least in our sample). 

The extent to which the selection of tooling packages is 

a management preserve is reflected in the difficulties 1 
• 

ençountered in obtaining information in eleven cases. In 

nine cases 1 was unable to interview a managemen~ inf~nt 

but was referred to a technician, usualJy an Ne programmer. 

While these"individuals were highly informed and informative 

about the utilisation of Ne technology in their companies' 
1 

manufaQturing brocesses l they were very hazy about most 

aspects of information gathering and equipment acquisition. 

In particular they wer~uniformly una~are of who exactly was 

involved in machine tool selection, and the process of , 
evaluation accompanying such selection. In one plant the 

technician, the chief Ne programmer with a machinists 
. 

background, guided me through his plant which specialised in 
, 

repairing, rebuilding and making,spare ·parts for jet 
1 

aircraft engines. He pointëd out four Ne milling machines 

purchased in th&early seventies (prior to his own 
~ 
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1 
emp10yment at the plant)-as examp1es of managerial b1unders 

whibh were cqmp1etely incomprehen~ible to him. Two of the 

mil1s were fitted with special tape ·controls to allow two 

separate machining programmes to be run in sequence. 

However,the machines with these,controls lacked the 
~ 

automatic double pallets (7) which would permit switching 

over from one,component to another as the tape controlled 

programme changed. He then pointed to another '~ills 
which had the double pallets but whose controls lacked the 

double tape capacity which would render the 9ual pal~t 
feature useatlle. The pragrarnmer's explana~ion for t e 

, 

installation o~ such mïsmatched equipment wàs that probably 
) 

financial management had made the acquisitions decision and 

had found ·someone else's mistakes going cheap on,the used 

machine market.· 

Differences by Company Size 

Thus far ,1 have looked at the central tendencies in the 
, 

gathering and use of information for monitoring the state of 

production technology and for selecting net manufacturing 

Next l e~lore sp~e of the variations in these 

looking a~differences betw~en firms of 

sizes. In this.section l shal1 interpret the data 

~ 
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reorgaryised by plant size (small, less than 100 employees, 

/ medium, from 101 to 499, large, over 500). This information 

o 

is presented in Table 4 (pp. 139-140). 

All firms, whatever their size, display clear1y the 

distinction between sources of monitoring information and 

information for select-i'on and acquisition. Large firms 

appear to differ from medium and small firms in the relative 

importance of different sources of information used in 

monitorin? manufacturing technology. Technical and trq~e 

journals are rhe prime source of such inf~rmation for large 

companies, while salesm~n' are increasingly important qS one 

moves down the organizational scale. \ 

-Large campanie? also'referred to building technical 

libraries including technical and trade journals. No small 

company made any such references, while only tw~ medium 

firms did sa. However, technical and trade journals are a 
~ 

\) 

more important source of information, relative ta aIl the 
. 

sources used, for small companies than for medium ones. 

Brochures from machine tool builders and distributors were 

al'so of gr~ater importance to small firms than ta medium or 

large companies. AlI this c~nfirms wha~ might be expected, 
( 

that.while the cheapest sources of information are preferred . 
by aIl firms, smaller companies are most dependent upon 
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Monitoring 
Infor.a~1on_ 
Sources 

Acquisition 
Informa§lon 
Soutrces 

Selectioa 
Criteria 

Humber 
of firms 

4 

" 

'\ ' , ~ 
p.>/'< 

Table 4 

Information Sources and Selection Cri 

Large fi rms li 

Journals 
Salesmen 
Brochures 
Other Users 
Shows 
Sub/Contractors 

Brochure search 
P r 1 ce Q U'o t -a t 1 0 n 
compari son 
Check other user 
e~rience/trade 
jou nals 
S ows 

Technical speciJ 
ications 

Bul1der's reputatlon 
P'rice 
Limited choiee 
Technical leadership 
considerations 

'\ 

21 

Weighted mentions 

32 
17 . 
12 
Il -
10 

B 

32 

18 

13 
8 

36 

24 
5 

,\3 

2 

-t 

, 

. 
Medium Firms 

Salesmen 
Jou rn-la 1 s 

., 

Brochures and shows 
Sub/Contractors 
Other Users 
Associations 

Brochure Search 
User Check 

Price quotation 
compari son 

Shows 
Journals • , 
Technical Specif­
ications 

... 

Builder~s reputatlon 
Price 
Limited choice 
Ease of Supply 

23 

4> 

F1rm Sile 

~ 

Sma 11 Fi rms 

19 Salesmen 
14 Journals 
12 Brochures 

8 Shows 

,30 
21 
19 >, ' 

13 
7 , SUb/",Contractors 
6 Othé-r Users 

8 
8 

28 
18 

16 

7 
3 

32 

Il 
Il 
10 

2° ~ 

Brochure search 
Price quote 
comparison 
Shows 

AccidentaI contact 
Other Users 

35 

17 
13 

12 
10 

Technical specif­
actions 46 
Builder's reputation 13 
Price 12 
Ease of Supply 9 
Technical leaders~ip 
consider~tions 2 

16 
,... 

,... 

ho 
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Table 4 continued. 

2. 

4. 

Notes 
/ 

The sequence in which 1;I1e variou8 sources or 
criteria wer, pr.s.nt.d by ~he informants •• re 
8cor.d in order te simplify coaparisons .prols 
subgroups in the 'sampl e • Fln t mention ,waB 
scored J. second· mention 2. any other mention 1. 

l h 

"Moni toring informa tiort' is informa tion about the 
stat,.. of production technology gather.d without 
àlhy intent to purchaae e"quipment. '"'" r~ 

, 
"Acquisi tion information" ref.ra to information 
sought out sp.ecifically to guide manalement in 
choosing new machine ~o,ols.' 

"Selection criteria" are the standards uaed in 
choosing among the various machine tools available. 

\ 

J 
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these 'Sources. ' 

There were three types of ïnter-firm, contacts referred 

to as sources ot information by my informants -- other 

Ssers, contractors and subcontractors, and trade or lndustry 
.. 

associations. In this respect, one aspect of monitoring 

information sources which stands out is the relative 

isolation of smàll firms. The large companies appeared to 

have greater contacts with other Ne users, and to use these 

both for monitoring cur~ent manuf~ctuJYng'teéhnOlOgy' and for 

more focused acquisition information éeeking. 
, . 

While other users were ~ess important than contractors 
~ 

and subcontractors as infoxmatjon sources for medium sized 
, 

plants, they wer.e still more silJnificant than was the case 

[br the small'firms. Ind~stry or traqe associations wer~ 

mentioned by informants from large and medium firms but not 

at aIl by those in sma~l firms. Taking these three sources 

together, the medium fi~rns use these diverse inter-firm 

contacts more than large firms. ~ both large qnd medium 

f1\rms use the~e diverse inter-firm connectioms much more 
) 

, 
than-small firms. 

A parai lei pa~tern of variation is found in information 

sources used in the course of search and selection of 

machinè tools for capital investment. Medium sized 
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companies rnake use of other users more often than either 

large or srna11 firms, and both medium ~nd large companies 

check other industria1 users more than do smal1 firms. A 

's~ond~enCY w~s that srnaller companies re1ied upon 

macI'i111e f001 e~hibitions as sources .Of information when the y 

were intending ta p'~rchase new equipment. However, the 

differences between different sized companies with respect 

to the importanc~hine too1 exhibitions as a source of 

information Wh~ planning machine too1 acquis~tions was not 

as marked as the other differences mentioned so far . 
. 

One category referring to acquisition information which .. 
appeared in responses frorn sma11 compan~ respondents on1y 

was that of Naccident~l" sources. In one instance the 

initial choice of ~C equiprnent otcurred on th~ basis of a 

close persona1 frienqship between the company owner and a 
o 

machine tool sa1esman. The salesman poined the cornp~ny in a 
'. 

manageria1 capacity short1y after this transaction. -
Subsequent ~cquisitions by this firm, a sma11 jobbin~ 

1 

machine shop sp~cia1i'sing primari1y in sma11-sized air.craft . 
components, wer~ large1y determined'by the availabi1ity of r 

machines ~rom local sup~liers in the face of upcorning 
, 

contracts (8). The second firm whose initial acquisition of 
, ' 

(> 

NC equipment was th~ resu1t of happenstance was that of a 
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shoe mould manufacturer which needed ,to replace a worn out 

copying machine. This need coincided wit~t1e visit of an 

Ne salesman representing the distribu~or of one of ,;7' vere( 

fcw o Ne copying machines on the market. The subsequent '. 

Rcquisition of Ne equipment proceeded on a systematic 

experimental basis, however, in marked contrast to the 

previousJy mentioned case. 

Primary technical selection criteria were identical for 

Hl1 firms, with the technical specifications of the 

pquipment beibg the dominant criterion. In other words the 

v lIl<lchining parameters of i:he work most likely to be handled 
( 

by Ule machine -- size, shape, material, kind of machining 

to he done, level of tolerance requlred, surfa~e finish, and 
~ 

sa on -- were primary çonsiderations. However, large 
, 

companies emphasized ubrand name u machine tool builders more 

~ thêH1 medium and small companies. This reflects the tendency 

of industrial equipment, farm machinery! l umber eql#ipment, 

-and the major airera ft makers to use large ~achine tools 

which are still the preserve of long-established U.S. 

machine tool builders. As weIl, informants from large 

con{panies often refe.rred to "robustness," to umachines ... 

èapable of running "c~tinuoUslY wi thout' h\~sb-_.gowntime, .. 

the need to Hrequire ~nimum maintenance, - as important 
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technical criteria for Further, fast 
~-" 

dependable back up services by the machine tool builders in 

cases of major breakdown were i:,dired as very important ta 

minimise the impact of downtime. The contexts in which 

these statements were made suggest that bath the heavier 

machining of larger parts, longer production runs involving 

continuous running of'machines, and very tightly organised 

production schedules were more characteristic of larger 

companies. , 

Prlce of equipment was a far less salient consideration 

for larger ~ompanies than for small and medium firms. The 

large companies' perspectives on machine tool price were 

aptly summed up by the manufacturing services manager of a 

large lumber equipment firm, NWe go for quality machines 

which will perform the range of operations for the jobs we 
, 

want, with minimum downtime. This usually involves going 
~\ , 

for top quality.N He then gave as an example of this 

best-in-the-industry policy the U.S. lathes which the 

company had recently bought (aIl ~f this company's nc 

machines weEe of U.S. manufacture). 

Differences by rndustry Subqroup ) 
, Table 5 shows my data organised by industry s~bgroup. 
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T,ble 5 
InforMation Sources .nd Selection Crfterl. R.nk Ordered by Industr, Subgroup 

Infor.ation Sources 

Aerospace 

Ehctronfc 
Equlp.ent 

Mou 1 OS '. 
Tool and 
Ole 

Sheet 
Metal 

Hon1tor~ n9 
Salesllen 
Journ.ls 
Contr.ctors 
Other Users 

Salesllen 
BrOChures 
Journ.ls 
Shows 

*22 
16 
10 

9 

13 
18 

4 
3 

Journals 10 
Sales.en 8 
Other users 8 

Shows 8 
Sales.en 7 
Brochures/Assocs 5 

Valves and Journals 
PUIlPS Sales.en 

8rochures 

10 
8 
7 

Trans­
portation 

lndustr1a1 
Equlplllent 

Lu.ber! 
Agrlcul­
tur.l 
Equtplllent 

Journals 
Shows 
Sub/Contractor 

Saleslllen 
8rothures 
Journals 

Sa les",en 
Brochures 
Journ"l s 

12 
8 
6 

6 
6 
4 

7 
5 
3 

Acgu Is tt 1 on 
Brochures 

" Other Users 
Shows 

Other Users 
Brochures 
COMp quotes 
Shows 

Brochures 
Other users 
Comp Quotes 

Brochures 
Other users 
Shows 

COJIIP quotes 
Brochures 
Other users 

Brochures 
CO/llp Quotes 

8roehure~ 
CO/llp quutu 

Comp Quotes 
Brochures 

• 

*17 
IS 
11 

12 
9 
5 

13 
5 
3 

11 
9 
3 

9 
3 
3 

11 
10 

12 
6 

18 
8 

Selection Criteria 

Selection 
Technlc.l Specs 
Bu11der's rep 
Priee .-
Restricted choiee/supply 

Tech Specs 
Prlce 
Bullde,.'s rep 
Tech leadership 

Tech specs 
Bullder's rep 
Prlce/restr/eholce 
Tech leadershlp/supply 

Restrfced chotce 
Tech specs 
Bul1der's rep 
Priee 

Tec'h specs 
Price 
Eue of suppl Y 

Tech spees 
Bullde,.'s rap 
Tech leadership 

Teeh spees 
Prlce 
Butlder's rep 

Tech specs 
Bullder's rep 
Prlce 

* The nUlllbers refer to welghted mentions. See footnote 1. 
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15 

6 
3/3 

17 
S 
3 
1 

12 
5 
l 
Z 

11 
9 
6 
Z 

12 
5 
Z 

10 
11 

2 

16 
4 
2 

Il 
9 
1 
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§heet metal firms diverged from the rest of the sample in 
.' ... 

two respe~ts. First, the sources of monitoring information 

cited were different from the other groups in that machine 
r' 1 ! . 

tool~xhibitions and trade associations were more 

significant.~ Second, sheet met~l company informants were 

more likely ta report that the choice of machine toois was 

quite restricted. A combination of circumstances aCCQunt 

for this subgroup pattern. 

According to a Montreal NC consultant sheet metal t 

machinery became computerised considerably later than chjp 

cutting machinery (9). NC technology was applied to metal 
~ 

stamping fr~ 'the mid-197Gs onward because of the rise of 

computer technology which required printed circuitry to be 

protected from heat and dust by means of closely fitting 

cabinets and panels. consequently} the metal housings which 

were stamped out by sheet metal firms for electronic 

equipmeht had ta be fabricated to more precise dimensions 

than had been customary in this industry. Manufacturing 

she~etal parts to more precise dimensions has been 

further ~einforced by the development of laser technology in .. . . -
which lightproof containers are required. Such containers 

~---
inv.olve ~ven more cri tical tolerance01'Î their manufaeture 

than merely dustproof containers.~Gur of the six sheet 
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metal firms manufacturing electronic eguipment cabinets and 

housings r~ported that this had been a major growth 

o component in their business over the past decade. 

A sec9nd -factor cont~ibuting to the ~eculiarities of 

the sheet metal group with respect to monitoring and 

acquisition related information processes is that met~l 

stamping presses tend to be large machine tools. It was 

pointed out to me by a Montreal area machine tool salesman 
\ 

(specialising in sheet metal presses) that the building of 

the larger ranges of machinè tools has been dominated by 

U.S. machine tool builders. This tool sector has suffered 
( 

less from overseas competition than the building of smaller 
• 

~ndustrial lathes and milling machines used in tool and die 

making and in jobbing machine shops (10). The same 

informant also said that,this situation is changing rapidly 

as the Japanese machine tool manufacturers are now moving 

into the field with the vigour that had previously 

characterised their penetration of small and medium machine 

tool markets. 
/ .. 

Another set of circumstances contributing to the sheet 
, ' 

metal firms' specific characteristics was suggested by an 

informant working in a plant producing custom sheet metal 

grids and grills for heavy industrial'users rather than 
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electronic equipment. He pointed out that several 

technologies from outside tje sheet. metal industry are now 

affecting sheet metal wOrk. The success of the automobile 

manufacturing industry with robotic welding has led ta the 

displacement of rivetting by electric arc welding (11) as a 

major technique in joining together large metal sections. , 
But electric arc welding requires close fitting components 

1 

in order ta produce strong and fault-free welds, 

consequently the fabrication of these components has to be 

to higher tolerances than was the case when they were 

rivetted. Similarly, the development of laser cutting and 

flame cutting large me1ial components, replacing bandsaw)n g 

. and filing, has produced increases in the dimensional 

accuracy of many large industrial subcomponents which, in 

o turn, has led to demands on the sheet met~l industry to 

o 

match the tolerances of cast and forged components. 

Ail of the above f~ctors suggests that sheet metal 

fabrication is experiencing shifts in the demands for its 

product, accompanied by important changes in fabricating 

technology and in the supplies of equipment required for 

~'::>that fabrication. Despite the abundance of. technological 

changes in all metalworking fields, this particular 

confluence of faètors was found only in the sheet metal 
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sector .. It is reflected in the greater importance attached 

to machine tool shows as monitoring information sources, and 

in the references to the National Metal Stamping Association 
*0 

as a significant source of information. These circumstances 

might also explain why the only two companies who were ~ 

concerned with the possibility that l might be working for 

another company and spying for my employer, were two sheet 
/ 

metal firms l 

Despite these recent changes in sheet metal technology 

no informants from this group expressed a concern for 

technological innovation or leadership in the adoption of 

new technology. Technological change was mentioned as a 
, 

process inititiated by competitors, especially those south 

of the border, and therefore as something which was forced 

on the firm in reaction to the pressures of competition. 

~ 
Acquisition and I~novation 

There were five cases where informants mentioned 

technological innovati~ as a factor in Ne machine tool 

acquisition. In two cases reference to technological 

leadership were made in passing, and~the informant's 

sub~equent discussion of Ne techno~?gy reverted back to an 

overwhelming concern with cost justification 1 technical and 

. 
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productivity criteria terms no different f\~m the bulk of 

the sample. There were, however, ~~ree in~resting cases 

where technologi6al leader~hip as ~Ieriterion for machine 

tool acquisition was significant. 

The most striking caêe was tha of the small company 

making shoe moulds mentioned above, which had applied Ne 
" ~ 

technology despite the advice of t e NC tool manufacturer. 

The firm is currently the only ut~rised shoe mould maker 

in N9rth America. The comeany to replace an aging 

copying machine (12) at a time wh n a visiting machine tool 
1 

salesman happened'to represent the distributors of the only 

ne copier on the market. The salesman warned the company 

president (also~he owner of the firm which is small, having 

only 15 empIoyees) that Ne equipm,ent was very expensi ve and 

advised the purchase of a conventional copier. However, the 

cbmpany president went to t~e Ne copier rnaker's headquarters 

in i~y ~here he received the manufaeturer's advice to 
_#-~~-

stick wi th conventional machi"ning beeause of the ~ 

small manufacturing runs involved. Despite the eonsistently 
i 

negative adviee the mould maker's president eonsidered the 

NC copièr as an advance over cpnventional models that 

nrought with it the opportunity to experiment in 
, 

computerised manufacturing methods. 
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The man who made this decision was an ex-ITT computer 
"" 

programme designer with wide experience and connections in 

the computer industry. Consequent1y he had a favourab1~ 

blas towards the application of ~omputer t hnology, and his 
, 

own experience and contacts reduced the risk of such 

experiments (or at 1east made it possible .0 evaluate the 

risk with greater c1arity.) He is currently working on the 

1 
specifications for a more complex NC mould milling machine 

and exploring the possibilities of establishing a CAD/CAM 

system in the firm. As a result of his pioneering , 

application of nc technology to the fabrication of shoe 

moulds he has col1aborated with the Itplian NC copier 

manufacturer in improving the desig~ of their machines and 
Il 

in developing the software for rnould rnaking applications. 

A second instance cornes from the opposite end of 

industrial organization, the informant being a senior 
) 

manufacturing project manager in one of the major U.S. 

automobile manufacturing plants in Ontario. He argued 

any new technologic~l applicatipns undergo extremely 

rigorous cost justificaùi@n but that the auto maker was 
~ 

consistently ~echnologically innovative and Ualways 100king 

for new app1ic'ations for 9utting edge manufacturirtg .. 
, .. .. U techniques. One cutting edge technique he was currently 

~ 
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-concerned with was the possibility of applying nc tooling to 

mass production. He argued that ·We ail know what Ne can do 
J 

in small and medium shops, or for tool and die work. That's 

~ going on for fifteen or twenty years. But what can it 

do for mass production? That's what interests me. H , He had 

led a team of engineers for eighteen months who looked at 

the state-of-the-art Ne machine tools with a view to placing 

J them on the assembly line. The outcome was a proposal to 

use a Swiss Ne lathe for the production of clutch 
\ 

components. 

However, despite the fact that the NC lathe was the 

Hcadillac of NC lathes· it had numerous design features 

which reflected its eVQlution as a small and medium batch 

production tool. Ali these design features res~ted in a 

machine which moved too slowly for assembly line work. The 

project manager was to dep~rt that evening for Switzerland 

to negotiate with the lathe manuf~turer for redesigning the 
. .. 

machine to H ... shade off a tenth of a second here and there 
'. 

so th~it won't be ~~~ning slower than the rest of the 

plant and causing bac.,k:ups and bottlenecks." Since a 

successful redesign would result i~ the order of twenty 

three lathes at a price of almost a million dollars apiecê, 

" the financial inducement to the machine tool builder was 
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considerable. This case is intéresting not only as an 

indication of the probable next Rhase in th~ application of 

ne téchnology, but also as a clear example of the 

traditional process of design evolution of machine tools 

resulting from the demands on machine tool builders by their 

major customers as discussed in Chapter 3. 
, ,. 

~ In the third case where technological leadership was 

)eferred to, the planning and development manag;:ter of a larg~ 
railroad freight car construction company charac sed his 

job as "to provide stimulus for change." He po nE out 

toat only one of his firm's NC machine tools had not been 

acqu~red in connection with a specifie large-scale contract 

impending. In this instance an NC lathe had been purchased. 

"This- time the acquistition involved vaguer, non-specifie 

management desires ta introduce CNC machining into our . 

operations, ta see what it could do for us. But getting the 
, . 

machine this way meant that we didn't have any jobs lined up 
-

for it, so we bad no real' criteria in mind to test it 

against and we've been looking for things for it to do ~ver 

since. It ~s very much underutilized and we stiLl: haven't 

found an optimum way ta Uqe it. AlI the other machines were 

purchased in arder ta po a specifie job, usually ~ ~e~ 

large one and one that was going td be repeated W1t~ 
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d- r~gulari ty in the future." In cèntrast he ci ted the 

company's venture into the field of robotics, where ~he 
1 

toolroom had constructed two robot welding arms "t~ improve 

the quality of the increasing amount of welding being used 

in this manufacturing line (i.e. replacing rivetting as was 

mentioned above as a factor conducive to the spread of NC in 
. 
sh~~t ,ITletal work). "Our firm was one of the first in 

Ontar~o outside the autQ plants to .install welding robots 

and as a result we're in a very good positi9n to keep up 

with this technology. The robots have enabled u~ to keep to 

our contracts, to improve thë product quality, and ta solve 

a real bott'leneck which everyone has had because of th~ 

shortage of qualified weldey:'s." The contrast between the 

CNC lathe and the robot welding arms highlights the way in 

whic~ most machine tool acquisitions are considered. 

Cheap~y and efficiently doing the manufacturing jotis which 

have to be done take clear priority over vague desires to be .. 
"first on the bloCk" with the latest gadgetry. 

At first sight it appears surprising that aerospace 

firms did not refer to innovation and technological • 
leadership aspects of machine monitoring and acquisition." 

However, informants from these companies readily pointed out 

that Canadian~firms installed NC equipment,five to ten years 
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'after their U.S. co~n~rparts by wJich time knowledge of ~C 
technology was widely diffused in this bran ch of' 

? 
engineering. One of the pioneer subcontractors, a small ..... 
jobbing machine shop in Montreal was introduced to Ne by its 

then newly employed tool designer (now manufacturing - ... 
manager), an English immigrant who had been trained on NC 

~quipment in the British Rolls Royce jet engine plant. "We 

knew what we were getting into," was the common re~ponse to ..;-

FY questions about the pro~lem~ of pioneering in NC 

technology, even though aerospace companies were the 
1 

earliest users of NC in Canada, as in the U.S. Many 

informants throughout the entire sample but especially in 

aër~space also mentioned that U.S. head offices or e 

contractors were a source of information about nc and other 

new manufacturing tec1Slnologi'es.\.. 

The relationship between t~chnical innovation 
" 

considerations and market pre~sures was nicely expTessed by 
. 

the manager of CNC operations in a medium sized precision . 
machining shop specialising heavi"ly in defence -and aerospace 

production. ·We are faced with continually changing markets . 
" and technology, changes reinforced by the lack\of a fixe9 

. . 
product. Since we are a general job shop our company has to 

be willing tQ try anything our major contractors ask. 
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Investment in new ~echnology is\part of 

Contractors will impose tooling specifications 

of our machines are obtained in order to get a 

contract. In other cases ye invest in the new 
, 

ensure that we maintain our expertise and experience,in 

developing areas'and retain a lead~rship position in the 

industry necessary for later contracts. H Thus pioneering in 

the application of new technology was a rather minor theme 

in the respopses, very 

cost-efficiency imperatives. 

Conclusion 

Tre foregoing evidence sug theories 
" 

cannot assume that infprmation i perfectly distributed 
, 

across a group'of potehtial new te Small 
• 1 

f{rms stand out in following least c t but also least 

trustworthy information sources, using fewer lhm~~~~r--
l ' , 

, Q 

contacts both in monitoring and selec~ion ~ctivities, and in 

having priee, ease of supply, and accidentaI factors play a 

part in ,the acquisi\ion process. Larger firms were able and 

willing to ·in~st· in information. However, with the 

most firms reported their experience improved 

evqluate information and to fo~mulate 

. ' 156 

) 

. , 



( 

.c 

Q 

aqguisition criteria more preciseIy. 

In addition, the machine tool builders and suppliers 

werc reported to become increasingly attuned to a broad 

rqnge of industrial applications and improve the technical 

presentation of brochures and other publicity material so 

that the qua lit y of information improved over time. 

Informants reported also that, while the sheer'volume of 

information has increased over time, there has been no 

signi ficant shifts in the sources they Ïlsed in either 
\ 

acquisition or monitorIng activities. Thus over time both 

the range and the guali ty of information, as weI±' as 

manageria~ experience in critically assessing information 

• 
had increasE!.d 1 reducing sorne of the uncertainties in 

~ 

selectlng Ne equipment. 

Sheet metal firms exhibited a somewhat different 

pattern with respect to information gathering than the rest 

of my sample. They tended to use machine tool exhibitions 0 

and trade association networks more than other firms. This 

pattern appears to be a resul t of the simul taneous 

development of di f ferent factors al tering the markets for 

Shee~ metal products 1 the technology of sheet metal 

fabrication 1 and the range of machine tool suppliers in this , 

industry, In this case, the resul ting uncertainty has led 
.. 
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tG sheet metal management to pool information through the 
""\ 

trade associations and to seek out information wherç 

comparison of equipment is possible at trade shows. 

Finally, consideration of the advantages o.f technical 

leadership tended to be a minor theme in the responses. 

Technological monitoring, selection and acquisition seemed, 

for an overwhelming rnajority of my sample, to be part oi 

coping stra"begy, reacting to market demands rather than 

actively shaping markets. This response, fOf course, CQuld 

be a reflection of the recent economic recession. lIowever, 

ta properly evaluate this requ,~res the tesentation of 

further data, commencing wi th t'qe next ~hapter which looks 
1 / , / 

at the patterns of diffusion of'NC -w'ithin our samplc. 

1. 

2 . 

Footnotes 

For example, when asked "What are your main sources 
of information about Ne technology?" respondents 
would refer to two or three sources. The se~uence 
in which the sources .were presented was scored in 
order ta compare responses by scoring 3 poin ts for 
first, place, 2 points for second, and 1 point for any 
other mention. 

'+ 
The analysis in this chapter refers ta 57 of my 60 
firms. The other three companies did not fit in terms 
of the issues dealt with here. One c~mpany was a case 
of .. stalled" installation of NB- equipment i a second a 
large steel plant where NC equipment was used in the 
maintenance toolroorn; the third a firm specialising • 
in computer manufacturing consul tancy. In all these 
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5. 

6. 

7. 

( 

\ 
cases, NC acquisitions and operations were so 
different from the rest of the sample that they will 
be 'analysed separately elsewhere. 

Thus the American Institute of Plant Engineers, 
the Ins~tute of Industrial Engineers,' and the 
Society 0 Manufacturing Engineers aIl have monthly 
journals s weIl as a variety of newsheets, manuals, 
special reports and conference papers available to 
their members. These contain detailed technical 
jnfor ation on the performance of industrial equip­
ment in test situations, case studies of machine 
per ormance in actual production, and sa on. In 
c trast, trade journals such as "American Machinist,· 
·Production,· or ·Canadian Machinery or Metalworking,· 
re surveys of what is commercially available and the ' 

bulk of the information cornes from machine tool 
manufacturers themselves. 

NC tool distributors would maintain- a list of firms 
willing ta host visits from potential users of 
similar equipment. There appeared to b~ a tacit 
agreement that potential us ers would not visit firms 
which were direct competitors in the same rroduct 
markets. 

In addition to obvious support expenses such as 
programming, additional tooling, labour retraining, 
etc., and the costs of learning toointegrate the riew 
equipment into shopfloor operations, Ne equ±~ment 
was widely perceived to require greater managerial 
input than conventional machinery, if they were to 
be used most effectively. 

Thus the history of NC design evolution' 
repeats the pattern 'of earlier machine tool 

Idevelopment as documented in Rosenberg (1963, 
pp.414-43) and ~agonner (1968, pp.~~O-30, 51-
59) • 

Pal lets are moveable beds to which the parts to be 
machined are clamped or bolted. A double pallet 
allows two identical parts to be mounted in such a 
way that either identical or sequential machining 

cuts may be made as ~he pallet is rotated. 
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Since machine tool acquisition was often associated wl th 
the bidding on a particularly lucrative contract, 
availability of suitable machinés was of sorne concern. 
Larger firms in the pa st appear to have favoured the 
larger, established U. S. machine tool\builders partly 
for this ease of supply reason. Smaller' '1;.J.rl11s, howp.ver, 
took whatever tool was available at the time whcn they 
were in th~ market. 
Metalworkïng machines are categorised as chip 
cutting or non-chip cutting. The former includc the 
lathe, mill, drill and grinding "machines. In each célse 
metal is shaped by the action of a cutting tao] 
which produces a chip of metal. In sheet metal 
stamping metal is shaped by the impact of a punch 
and die squeezing the metal to produce blanks of a 
a reguired shape, or produces a pattern such as 
grill~ork in a sheet. Forging, swaging and extrusion 
are other methods used to shape or deform metaJ 
under intense pressure. In Qone of these cases is 
the waste or surplus metal chip shaped. Casting 
involves pouring the molten metal into moulds of 
thE; required form. Again the surplus metal i8 no\. 
pToduced in the form of chips. , 

This is reflected in the current estimates of the 
Japanese share of the V.S. machine tool markeLs 
in 1987 where machining centres are expected ta 
constitute 52% of sales, lathes ta be 57%, but 
punch and shearing machines only 19%. AME N 
MACHINIST AND ftUTOMATED MANUFACTURING, 131 
(January, 1981), p. 35. 

Welding generally is the process by two or mol' 
pieWés of metal are united by the use of inten~e 
héat. Electric arc welding the work ta be joi d 
forms the negative pole of a circuit while the 
welding rad operates a~ the positive pole. When 
the rod is held a certain distance from the work 
and direct current fed th?oUgh the circuit, an 
"arc" flame is formed which melts the end of the 
welding rad. The ~olten metal from the'rod is 
deposited on ta ~e heated part of the work ta 
form the join. Chemical deposits on ~he ~elding 
rad evaporate as a result of the heat and 
operate as "fluxes" which pr~vent oxidisation 
during the weld. This ensures strong, uniform 
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and fault-free welds. In addition, by changipg 
the chemical composition of these deposits it is 
possible ta weld previously difficult ta weld 
metals such as aluminium alloys. 

Copying OT duplicating machines are also known 
as die sinking machines because their primary 
application was iD the manufacture of forging 
dies, steel moulds~ro~ glass, plastics and low 
temperature melting metals; for auto body dies; 
and for complex casting moulds such as th,pse for 
ship propellers. These machines ale fundamentally 
vertical milling machines with a tracer mechanism. 
The mill cutting tool or tqols (they could have 
1-4 tool spindles) was'conirolled by the path of 
a stylus or tracer which has the same diameter 
and shape as the cutter(s). The cutter(s) can 
move 360 degrees hofizentally and up and down 
in the vertical plane (the amount of movement 
here depending on the size of the machine. The 
stylus or tracer mechanism was designed to work 
with a light pressure sa that easily shaped 
materials such as wood, plaster, plastic and 
soft metals could be used in ma king the 
patterl1s. 

o 
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Chapter 6: Adoption and Diffusion 

Introduction 

In Chapter 2 I argued that there were problems in bath 

the innovation-diffusion and the labour process analyses of 
----~---- - - -~ ---

f managerial decisions to adopt new technology. Bath 
~, 

positions presented a single, all-enveloping determinant of 

technological adopotion -- profit expections and llass 

motivated control of labour respectively. Such unilateral 

theories overlook the specifically technical features of ncw 

technology and ~he variations in terms of firm size, 

sectoral 1Ç>ca tion, 'and managerial perspectives which 

contribute to the determination of profit expectations and 

concerns over labour costs and labour processes. As weIl, 

changes in the technology itself over time further interact 

with these factors. 

The survey research methods used by diffusion writers 

and the exclusive focus on labour skills, labour costs and 

" ~abour bargaining power of the labour process writers 

produce overly narrow theories of,managerial decision-making 

about new technology. In order to document the complexity 

of the diffusion process, 1 adopted the in-depth interview 

approach. This resulted in finding, first, that labour 
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costs, skills and power concerns were of.a far more 

secondary character than one would have anticipated from the 

labour process theory. Where Ne adoption replaces 

conventional metalworking it did so because market demand 

for more complex, high precision engineering prodUcts, for 

reduc;d leaç1 time and g'reatlr responsiveness to \ 

faster-changing customer requirements rendered traditional ~ 
\ 

machining techniques inadequate. These market-induced moves 

away from conventional machining are very similar to Rolt's 

e changes in -millwrighting" prod~ced by the 

spread of the Boulton and Watt steam engine (see abo~e, p. 

88), and to Landes' analysis of the changes in production 

systems in the second half of the nineteenth century (1969, 

pp. 309-317 ). The managers in my sample, then, referred to 

labour in very restricted, technical terms and not as a 

social factor of production necessitating sorne, special 

:class-political~ strategy to undermine their bargaining 

power-:-""~ 
. . Furtheji the interviews provided much greater detail 

about tec~ological adoption decisions than diffusion 

analysis }urveys." This detail permits' me to doclfment the 

vari~of reasons for Ne adoption within engineeri~g and 

metalworkin~. More-importantly it shows that, in,many 

U\ 
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cases, the decision to adopt was not undertaken with 

adequate knowledge and was accompanied by very unrealistic 

expectations; that it tqok a long,~riod of learning by 

using to overcorne these unrealistic expectations and develop 

a modicum of efficient u;tilization of the equipment;, that 

some long term users are still not using Ne equipment 

optirnally. The overall thrust of these findings is to 

suggest that the diffusion process is characterized by 

considerable ignorance, error and uncertainty, and that 

while these dirninish pver time, they do not entirely 

disappear even with long term experie~c~. Traditional 

economic diffusion analysis tends to overestimate the 

efficiency associated with the spread of new technology and 
• 1 

to underestimate the problems and obstacles in the way of 

optimal use. 

My analysis of adoption oi, and experience with Ne . . 
technology is based on the respoQses to questions asking why 

the firm originally installed pc equipment and~ what 
\. 

experiences (whether positive or negative) were aS$ociated 

1 • 
with the use of this equlpment. Similar questions were 

asked about each additional installation. As was the case 

with the questions analysed in the preceding chapter, the 

responses ~ere examin'ed to identify repeating themes Jand 

! 
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these themes were the basis of coding categories. However, 

since the responses usually involved much shorter sets of 

themes the tables present unweighted results (1). l shall 

look at three aspects of adoption and use of Ne techno1ogy , 
in.>turn -- the initial acquigi tion and the experience 

surrounding this, the subsequent acquisitions if any, and 

the more significant and enduring problems experienced with 

Ne. 

'Initial Acguisition 

Table l (pp. 166-167) shows the rank order of the 
\ ! 

reasons given by my respondents for the initial acquisition 

of Ne machine tools in the different branches of engineering 

and metalworking. For the entire sample the most important 

reasons for adopting Ne were: first, 'that it was the most 

appropriate technique_for the manufacture of complex shapes 

and/or high tolérance components; second, that ft enab~ed a 

higher volume of production to occur and allowed the company 
, 

to cope with rising demand; third, that it was brought in to 

'" solve the problems associated with meeting a ~articularly 

lucrative contract. 

The adoption of Ne equipment in order to cope with 

increases in demand and/or to be able to manufacture 
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Codes for Ne Ae:quisition 
Reasons 

Ne Ae:qui red: 

1. in e:onnee:tion with a specifie: e:ontract. 

2a. to e:ope with pressure of demande 

2b. to e:ope with spee:ifie: bottlenecks. 

3a. bee:ause of changes in materials or quality or 
design of produe:t. 

3b. to introduce flexibility in manufacturing to deal 
with shorter p~oduct cycles, shorter production 
runs, greater variabili€y of demand,and products. 

3c. to reduce lead time and assoe:iated pre-produe:tion 

4. 

costs. 

because it had become no more costly than 
conventional machinery. 

5. in an attempt to overe:ome problems arising f~om 
unavailabiLity of skilled labour, or because of 
rising labour costs. 

, 
6. to explore the potential çf new tee:hnology. 

J 
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Rank Order of Reasons for Initial Ne Acguisitions~ 

Tab1e 1: By Engineering Group . 

"" Aerospaee E1eetriea1 Sheet Transport Pumps and Die and Industrial Agriculture Metal Group Valves Mould ~quipment and Lumber 
1, 6 3a 1 1 , 3a 2a, 3a, 5 2a 2a 3e 
2a, 3a,'" 5 2a, 3c, 5", 3a rest = 1 , 3e, 6 2b, 3a 3e 3a 
2b, 3b 2b, 3b, 4 rest= mentions 6 5 

Total 
Samp1e 

3a 

2a 

1 
mentions 

3a \... 
3e 

5 

• 
6 

{ 2b 

3b 
Number of Firms 

5 6 
15 8 6 5* 10 4 59 

* An automobile transmission plant was considering installation of Ne equipment for the first time and is omitted here_ 
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products of more sophisticated engineering design was a 

pattern common to small, medium and large firms as indicated 

in Table 2 (p. 169). Small and medium firms differed from 

large firms in adopting NC on the~basis of obtaining a 
" \ 

1 

large, valuable contract. Large firms differed from_others 
e. 

in their greater con cern to use Ne to reduce lea~ time.--

the pre-production preparation of jigs and fixtures 

necessary to manufacturing with conventional machining 

techniques. 

fferences in acquisition reasons for firms of 

e also probably contribute to the differences 

tion patterns over time shown in Table 3 tP. 

Copi 9 wi th the requirements of changinOg product 

and reduced set up time, were 

adopting NC equipment b~fore 

1974. Eighte~f the thirty seven pre-1974 ad6pters were 
1 

large firms. Those who aoopted Ne between 1975 and 1980 did 

so for similar reasons as the first generation of Ne users, 

but contra ct related adoption is more/significant in this 

group. This second "generation ~ser group comprises one 

large "firm, six medium firms, and eight small firme. 

Post-1981 adopters number only five in my sample, pnd so 
" 

" generalization is extremely hazardous, but qQn~ract-related 

... 
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Tabl. 2: Initial Acquisition Reasons and Firm Size 

$> 

Smtil11 Medium Larde 

1, 2a, 5 2a 3a 

3a 3a 2a 

4 1 3c 

-2b 3c 2b 

6 1 , 4, 5, 6, 

3b, 5 

Numba" of 16 23 21 * Firma 

* An automobile transmiasion plant was considering 
instAllation of Ne equipment for the first time and is 
omi tted hare. 
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Table 3: f' 
Initial Acquisition Rea.ons and Date of 
First Ne Installation 

" . 
Pre-1974 1975-1980 1981 

Number of 
Firms 

~1 

3a 

2a 

3c 

1 

5 

6 

2b 

3b 

4 

, 
\ 

4, 

, 

:la 1, 3.a 

3a \ 2a, 2b, 6 

1 

3c 

5, 6 

3b 

~ 

17 5 * 

* An autamobil~)transmission plant wks considering 
installation af Ne equ~pment for the first tima and i5 
ami tted here. 
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adoptions is more prominent in this group than among 

·previous users. Four uf the five companies in this group 

are small ones, the lone exception being a medium sized 

aluminium foundry. 

The aerospace industry in particular exe~plibied the 

pattern of the combined processes of demand and design 

chdnge leading to the adoption of NC technology. Several 

respondents in jet plane air frame and engine component 

man~facturing firms exblained why this should be so. "Jet 

aireraft speeds require wing and fusel?ge designs which are 

constrained by the dynamics of airflow, air resistance and , 

friction. The a~rframe components have to'be manufactured 

to these design specifications and the increased stress 

involved in high speed jet flight leaves no room for error 

or sloppiness. Small mistakes are big c.atastrophes in our' 

business. SA We need manufacturing technologies which give 

us 'one hundred percent repeatability -- we can't depend on 

the variation in performance which you'll find in even the 

b~st, most experienced machinist. NC programmes don't have 

hangovers, moods or quar~els with the wifè. Once they've . /' 
been proofed and the machine ls set up you know what the 

results will be." 

The decade of the 1960s was identified as one of 
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spectaeular growth for the airera ft industry by my 

informants, which in combination with other factors rendered 

nc technology inereasin9ly attractive. Thus a programmer 

from a major jet engine manufacturer in Montreal pointed 

dut, ffDuring the early sixties it beeame necessary'to 

develop large scale ~roduction of jet turbine blades, 

bearings and housings, etc. Ne is ideal beeause it had been 

developed in the U.S. air industry to machi~e the 'complex 

contours found in jet engine components on a repeat basis. 

Also the sixties was a period of advanees in metallurgy with 

the development of much tougher metals which requi~ed 

heavier cuts and more rigid machinery. Ne was the only 
-

technology eeonomically applicable at t~is tim~." The 

technieal supervisor of an airera ft landing gear eomponents 

; firm pointed to another factor promoting the diffusion of Ne 

in the aerospace industry during the 1960s. With" ... the 

sixties surge in demand for aireraft, everyone' order books 
• 

were full and you eouldn't get enough conventional 

machinists to do the work. We got into Ne to cope with the 

baeklog and production bottlenecks. Ne was developed in the 
\ 

U.S air industry and sueeessfully proved itself so that by 

the sixties there were sorne good, proven machines on the 

, market for us ta use." }-Iere ne was used, in part, ta eope 

1.72 
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with rising demand in a tight labour market which made 

conventiona1 techniques very difficult to app1y on an 

expanded scale: 

However, the increased prec~èion, cornplex contours and 
~ '. ~ .. 

new m~teria1s involved in jet aircraft manufacture also 

rendered conventronal rnachining less appropria te ta many 

areas of aircraft production. The eng..i'beering supervisor at 

a major jet engine fabrication and repair plant in Montreal 

hi~hligh~ed this aspect of the interrelation between the 

development of'large scale production of jet airera ft and 

the spread of NC techno10gy. -NC gives y~u a control factor 

over the manufacturing process you didn't have before 

because the quality of the product dèpends sa much on the 

quality of the part programme and not on the skills of an 

individual rnachinist. This gives you control over the .. 
repeatability of products in place of the individual 

variation of parts produced manually by conventional, 
, 

.machining. Repeatability has besome important because of 

the modularisation of aircraft engine co~ponents which began 

in the early sixties. Modularization occuired because t 

larger numbers of engines were manufactured and in turn had 

• ta be maintained and 'sp re parts provided for: This 
1 

required a rnanufacturi system with extrernely high 1evels 
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of precision for certain assernbly without extensive fitting 

.) proeesses which are subject to alI_the problems arising from 

the indi vidual variation of Sk~yl~." (2) 

The depiction of the cireumstane~s surioundiAg the 

adoption of Ne in Canadian airera ft manufaeturing, then, 

suggests that a eombination of factors came togeth~r during 

.the 1960s. The technology had been used successfully in the 

) V.S. airera ft industry. There was an inerease in the 

demand for jet aircraft, and metallurgical developme}lts 

contributed to new manufacturing requirernents involving 

~ complexity and precision. Finally, the period was 

o 

characteris by tight lab~ur markets in which certain 

categories of wo kers were particularly searce and commandcd " , 

The design characteristies of jet aireraft, and the ne.ed 

for an expanded level of production of cornplex shapes, high 

tolerance parts, involving reealcitrant rnaterials was also 

responsible for the spread of NC technology from the large 

aireraft manufacturers to their rouch smaller subeontraetors. 

A consul tant suggested that this took the forro of very tight 
i 

control by ~ajor aircraft companies o~er their 

\ 
17~ ... 

. " . • • r--. 

.; 
" 



( 

subcontractors. "In Canada large aircraft firms like De 

Havillan~, Douglas, Canadair, Pratt and Whitney forced their 
-/ K'---

subcont~tors to adopt NC. Subcontractors have to open 

their shops to inspection by contractors where even the 

steps in the machining sequences have to follow the 

contractor's instructions, let alone the tolerances, etc." 
./ , ~owever, none of the respondents from aerospace 

'-subcontracting firms described their relationships with 

cont~actors in quite so restrictive terms, although aIl 

agreed that aerospace contracts were subject to the most . 

rigorous quality control criteria in engineering. "As a 

subcontractor we're subject to very tight quality control 

~ audits. Last year we had sorne space component& rejected 

c 

• 

~ 

bebause they had fingerpr~nt marks on' an ano~yzed surface. 

But it's a good way to'keep up with ~he latest manufacturing 
l}. ~ 

technologies and specifications ...... Pratt and Whitney is 
... 

one of the toughest contractors. They really knocked us 

into shape .~n the early years and we h~d them for it. But 

it was good for us in the long run si~ enabled us tif 
( 

keep their contracts ang compete in high priee precision 

machdning markets," 

1,)1'\\\\ 
l,' 

The emphasis on the advantages of close relations with . 

the major contractors tended to be stressed by other 
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subcontractors. "r:rhe particular machine we chose first, an 

Ne profiler (3), was determined by what we saw as the 

weakest area of our production at the timei the area mowt , 

vulnerable to competition in terms of' product quali ty' and 

lead time. As weIl, our major contractor at the time 
~ ~. " 

(M~onnel Douglas) advised us on the machine tool most 

generally use fuI for the sort of work they sent us." 

Another military and aerospace subcontractor informant also 

sums up this 6haracteristic relationship, "We found Ne to be 

essential for high tolerabce machining of complex parts and 

difficult materials. Since its ~nstallation here it has 
.{ 

done what we expected it to do with no great sùrprises or 

shocks. But we got a lot of guidance and information from 

our contractors on setting up Ne and programming for these 

jobs. So we built on their experiences and avoided problems 

that 'way ... Our contractors were the most important SQUrce 

of technological information. They often made it quite 
..... L. 

clear to us that a contract depended on having a particular 

kifld of nc tooling capacity.N 

A final obse{vation pertaining to Ne and aerospace firms 

" is a very interes~ng case illustrating the diversity of 

diffusion processes even within a single branch of 

engineering. The case concérns the adoption of Ne 
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teehnology,by a large firm manufaeturing . ght simulation 

equipment. In the words upervisor, "We 

first got into Ne around 1968 or 1969 ...... W didn't go in 

beeause we are a production shop, , far from it: We do 
. 

largely one off jobs, wit~ ~.rare exception of up to ten or 
~ 

twelve pieces per bateh at the outside. But N\ is great for 

us because it enables us to fabricate complex parts far more 

easily than with the knife and fork methods of conventional 

rnachining. The capaeity to do complex parts easil~ is very 

important for us because we are making replicas of real 

aircraft cabiVs an~ we often found ourselves buying reaf 

aireraft components on a one off basis. This turned out to 

be enormously costly -- amounting to about fort y percent pf 

the,purchasing priee. Once we got started on Ne we found 
) 

that for example a throttle casing requiring four part$ at 

$40,000 each could be,~anufactured using fort y hours of 
o " 

programming time plus a two hour run on a machining~eentre 

to make aIl four at less than $50,000. This job saved'the 

cast of the machine itself.· 

Respondents in other industrLes also identified-th~ 

combination of increased demand and changing technical 

characteristics of their pro?uct a~ primary xeasons for 

turning to Ne technology. 1hus in satellite transmissions 

.. 
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components manufacturing the move to NC was .. due to the 

growing geometrical complexity of the parts we make. This 

complexity made it difficult to machine in the conventional 

way because most of our work is one off so we can't afford 

to have any scrap since that's an entire unit of a very 

expensive kind. Geometrie complexity has remained the basic 

and most important justification for all subsequent n~ 

acquisi tion ... 

tn land based telecommunications components, other 

technical factors werè listed for the adoption of NC: first, 

the increased frequency of transmission ranges which requ~e 

greater precision and better finish of microwave radio parts 

if they are to perform at all second, the development of 

metal alloys w~ich adapt better to extrernes of heat and cold 

than the originally used aluminium abd brass alloys (and 

consequently retain the tolerances necessary for high 
él 

frequency transmission) but dre less easily machined, being 

susceptible to tearing and rough-surface finish Lf machined 

by convention al methods. The greater rigidity and more 

control over cutting.speeds and feeds associated with Ne 

machining ,permi ts t!1e use of these a,lloys (4). 

l have desqribed the 

spread of Ne techno\ogy 

ecent changes co~!r~ 
-~.-

heet-metalworking firms in the 

1 
1 
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Ipreceding chagter and will merely point out here that it 

follows the pattern describetl so far of the rise of demand 

for higher quality, higher tolerance products, greater 

consistency of output, and greater volume demands. 

In pumps ~nd valves, die and mould, and'ind~strial 

equipment, the pressure of increased demand volume was also 
1 

an important ctuS~ of Ne adoption. A characteristic 

response was, ·We were falling deeper and deeper into a 

wi th our orders, we j ust~uldn . t keep up ç~ th d~and. 
hole 

NC 

was seen as, a major solution to sheer productivity in speed, 

of production.· For pump and valve manufacturers th~ 

primary production increase ar~~rom the ease with which 

'NC machines could be prograrnrned and,_et up to machine 

families of parts (5), and the reduction of the amount of 

fixturing involved with its associated set-up and change .. 
times. 

In the die and mould sector specifie NC machines 

offered great advantages over conventional machiningrin wery 
- _ __ _ ~ _ l '\ 

particular operations. Tlius d~e.. makers found NC--
/' 

ele harge machining (edm) machines (6) are much 

faster in making certain die components than conventional 

rnethods of die making. ~lthough edm machines are very 

expensive (c.urrently around $300,000 including requisite 
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ha-rdware ana software) they-iITiminate the use of high -cost-

special form grinding tools (7), which also require a heavy 

investment in maintenance in order ~o ensure that thelr 

precision contours are maintained"intact. In addition 

industrial dies, traditionally made of high-impact tool 

steel are in,creasingly now made of carbide (8), in order to 

get bigger production runs and reduce maintenance 

requirements a~ising from ~e wear. Carbide is an extremely 

tough mineraI, so if takes a long t~me to machine by 

grinding and imposes heavy wear on the tools. 

These changes were described by the toolroom supervisor 

at an automotive die subcontractor. ·Conventional die 

making involved slow work on the jig borer (9) and the 

grinders using special purpose form tools. 
'" 
After borinq 

hales the die would be heat treated and then the hale was 

tapped. For spec~al contour cavities dies would have to be 
1 

split up so'that the special forro grinders could get to that 

section of t'he di:e. This often invol ved making inserts of 
1 

the required cavity form, and aIl the split sections 
1 

required very accfr~tè pinning and dowelling,"requiring more 
1 

jig boring and lapping (lU). As a result our small dies 

wôuld take at lea~t two weeks i~ preparation before fitting, 

which could ~ ahother week. Now, using a combinat ion of 
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edm and conventional grinding we can produce a die in a week 

which requires a minimum of a few hours or nb, fitting at 

aIl. Overall, then, l'd say the~gie (edm machine) has cut 1 

down die preparation time to a third of what it used to be." 
J:"J Another informant working for a chain saw maker found that . ~ 

NC edm die making produced major cost savings. "In sorne 

cases die making operations which used to take eight hours 

has been reduced to thirty second which is an enormous 

saving in machining and map hour costs." 

In the case of a manufacturer of moulds for soft drink 

bottles and other plastic containers which have replaced 

glass containers qn an increasing scale, the first NC . , 

machine " ... was obtained to reduce set up and machining 

" time. Even with just four ~oulds taking them on and off 

machine fixtures or holders takes a long time. Especially 
< 

, 
. since the molds are heavy solid blocks' of aircraft aluminium 

and forged beryllium. Ne saves time by combining operations 

in one set up, and doing several moulds at a time if they 

are small ones. Most of the mouÎtls weigh ar9und a hundred 

pounds or more wh en they begin so moving ~hem_around t~kes a 
. 

lot of time and effort, even' before you talk about precise 

placement on machine tables etc. H 

HoJrver,' a tool an~die cornpJ~y vice president argued 
\ 

\ 
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that Ne is probably used somewhat differently in this line 

1 

of work than elsewhere in engineering and metalworking. "NC 

is not always the answer to die making work - it depends on 

the die's features, plus the number of cavities,etc. Deep 

pockets have to be dealt with ?y edm, certain kinds of 

contours are only possible with multi-axis CNC or are most 

cost efficient with c'nc, others are best done by 

conventional tooling. Sometimes' it is jûst as easy or even 

bett~r to use tracer devices, but if the cuts are,to be 

heavy then it is better to have the greater rigidity of the-

NC cutting tool mountings and combine this with Ne 

programming. 

Industrial equip~nt, agricul~ural and lumber machinery 

manufacturers aIl emphasized the contribution made by Ne 

, machining to reduction of lead times in machining by 

eliminating pre-production design and fabrication of special 

fixtures and holding devioes. This concern with eliminating 

downtime emerges as one of the most import~nt reasons for 

the later installation of NC, as l .~lî show in the next 

section. 

Transportation equipment companies initially adopted NC 

in connection with the particular technical requirements of 
~ specifie contracts. A nice example was cited by aq 

J 
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informant with a railroad and transit equipment company. 

"We initially got into NC to cut down lead time in .> 

manufacturing diesel engine blocks which are very large 
ri' 

components containing many holes at "angles, with special . , 

contours, aIl requiring high precision for fuel efficiency. 

The North American railroads were trying to reduce 

maintenance costs, fuel costs, and so on, especiallY after 

the 1973 oil ctisis, but they were always un der the gun to 

cut costs so they always pressured us on our manufaeturing 

specs. Also the 1970s was a period wh~n an entire 
, \, 

generation of railroad locos were worn out and needed to be 

replaced. This meant that we had to ~nsure the~fficiency 

and rel~bility of engines, plus be able to deliver to tight 

schedules. These were the key to getting railroad loco 

con tracts. " 

Apart from the foregoing sub-sectora1 variations "in Ne 

adoption motives, there were some patterns Which,~ut across 

the sectors. In six ca~es Ne equipment had beeryr~nstalled 

in response to the'demands of a specifie upcomîng contract. 
~ 

o 

For example, two aerospace subcontractors purchased their 
'. l' 

~ -----~----

first NC machines to cope with high preci~ion, unusually 

high volume contracts for wing components with complex 

contours. In the case of the railroad freight ca~ maker , 
" 
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çlisèussed in the previous chapter, t,he original impulse to 

get Ne machinery was due to a particular contra ct for a 

large number of box cars'. The box car doors invol ved 
$;;: 

punching or d~illing la~ge numbers of small holes with 
~ 

accuracy, sa an Ne punch press was acquired. 

An aluminium foundry install~d Ne rnills to machin~ 
" 

engine brocks to, dealtwith a large arder for a major auto 
, . 

1 

maker. This was the simple st use ?f Ne in our sample. In 

order~ reduce costs the contractor required aluminium 

castings which no longer needed grinding at the auto ?lant 

before assernbly: At the cGntractor's suggestion the foundry 
, 

installed' two Ne mills which rnach!ned the ~w,o ma~ing 
r 

surfaces wi th a s,imply, prograrnrned single pass of the cLl9tter. 

The two machines were rnanned ,by a siQgle operator who merely 

'loaded and unloaded the mills. Here Ne machinery is used as 

a fully autorn~tic operation. The contract was sufficiently 
~ 

lucrative for the foundry that it was content to absorb the 

cost of the new eguiprnent ana set up in arder to retain it, 

However, there was sorne disp~te within management over 

, whether to continue using the Ne mills às~t~ey, were s~t up 

or ta try ta explore what other uses they might'be put to. 

My informant felt that they were gen~rating a su'fficient 
• €l 

1 

1 

) 

up and until tha~ contract vexpireô he saw no 
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justification in experimenting with NC. 

A sheet metal company installed an Ne punch press to 

deal with a large order for ships' furniture and fittinqs 

for the Canadian navy. Another sheet metal firrn won a 

contract for an unprecedentedly high volum~ of steel 

cabinets. In aIl these cases the informants sa id that the 

cost of the machine and i ts programming were absorbed by ll)(~ 

ct 
first contract so that any subsequent use of the machi rw 

should be extremely profitable. 

Sev~ral firms enjoyed the advantages of a specialised 

niche in the engineering market and the adoption of Ne was 

often related to very specific technical problem~ of 

production associated with that product niche. Among thesc 

firms were the die making concerns already discussed in 

~onnection with their use of NC edm machines. A similar 

situation was found in a firm making gyroscopically 

stabilised camera platforms for surveillance airera ft and 

optical scanning devices for use by moving vehicles and the 

film industry. Gyroscopic devices alone require extremely 

high precision machining. This company's products involved 

co~bining gyroscopic devices, rigidly controlled turning 

platforms, and mountings for high quality long distance 

lenses requiring very sensitive focusing mechanisms. The 
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milling machine selected for the production of these 

elernents had the highest level of p~ision gauging, 

indexing and reading of the available mills. 

Another specialised application was found in the case of 

the chain saw manufacturer where Ne laser cutting was a 

major time saving advance over the traditional techniques of 

sawing, shearing, and grinding the extremely hard tool 

steels used to fabricate saw blades. In addition Ne laser 

welding was introduced "as an important material saver 

because wè weld stellite (11) to the ends of chain bars. 

Before laser welding we welded twenty percent of the 

stellite rod and lQst eighty percent in the process. Since 

stellite costs sixty. dollars a pound this was a very costly 

process. The laser welding process has virtually eliminated . 
the stellite scrap." 

Informants from rive firms mentioned an exploratory or 

pioneering interest in Ne as a factor in their initial 

adoption decision. Accorqing to the manufacturing . 

eng ineering manager "at a raîlroad ~ng equîpment company, 

"Management in the rnid-to-late sixties saw this new , 

developing technology as having the versatili ty that fixed 

automation didn't have. They thought it was.,worth gaining· 

experience Dy going in on the ground floor of new technièal 
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developments because the potential ~arkets were likely to go 

with technological leaders." However, this company is now 

reorganising its plants and m9~ing most of them toward more 

specialised production using conventional automation rather 

than nc. By reducing th~ range of products it manufactures, 

it is able to return to conventional mass production 

automation because it produces higher volumes. 

Another case was that.of an aireraft transmission 

eomponents manufacturer. ·We were one of the pioneers (of 

NC) in Canada ... We felt that NC ~as the natural trend of 

machinery in our field at the time, and that we should keep 
p 

up with an emerging technology. We selected a simple 

machine - a point-to-point drill whieh fitted a slow spot in 
1 

production. f" It was easy to use and programme, so 1t was a 

good machine to learn Ne techniques by." 

• A variant of this pioneering interest was expressed by 

the owner-manager of a sheet metal company, identified by 

two competi tors as one of the leaders in the field. .. In the 

late~1960s V.S. sheet metal firms were moving towards NC 

manufacturing. It suggested to ùs that we needed to do this 

to stay ,ahead of the competition and cope with t'he rising 

production demands we were faeing. d Another sheet metal 

firm owner who claimed to export two thirds of his output to 
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the United states, argued that from the late sixties, ·U.S. 
\" --

contractors viewed shops without Ne as mickey mouse 

operations. Putting in Ne ,equipment lifted us 4P to a 

higher strata in the industry." (12). 

In two aases an awarenèss of the spread qf NC technology 

coincided with the need to replace worn out equipment. An 

aerospace firm making hydraulic and'pump accessories haâ a 

longstanding informal policy of acquîring one new machine 

per year as long as market outlook was good. ·We had heard 
" 

qutte a bit about Ne and were attracted b~ the possibilitj 

o 

of improving' lead time through t,he reduqtion of j igs and 

fixtures made possÜÙe by Ne. WE? were sceptical at firS[5 

claims made for Ne but thought it worth trying one new ' 

machine whièh we- bought to replace an ageing milling 

machine ... 

A more sweeping approach was taken by a major ~ 

. 
agricultural equipment firm. "By the earty and mid-sixties 

a whole lot of ou~ ma~hinery was ready for replacement 

because it was :pery old. Ne was the obvious way to go 

because 
, 1 

you .~could -get the production of three conventional 

machines out of one nc machine according to the consensus in 

engineering. Alsa it was a flexible technology appropr~ate 

to an up and down industry like agricultural equipment." 
o 
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In eight cases labou~ advantages were mentioned as 

important reasons for getting ne equipment. Such reasons as 

inc~eas~ng production volume without a proportionpte 

increase in the labour force"; improvïng prQduct qual~ ty 
p 

~espite a shortage of skilled machinists; and substituting 
1 

intelligent machines for ha rd to get skilled metalworkers 

were cited. l shall be dealing with these matters in the 

following chapter. Several firms also reported that the 

labour sa~ing advantages they had anticipated from ne 
o 

adoption did not materialise. l shall also report on these 
i> 

instances in the next section of this ahapter. But now l 
.. 

want to .explore the experienees of my sample of firms as 

they worked with Ne technologYi the reasons for ex~ÔnSion pr 

n~n-expansion of Ne machining; and'the problems and 
1 

advantages associated with ne utilization. 

Later Ne Instal,lation and Experience-. 
j 

The reasons given for 'Ne inst~llations subsequent to the 

initial acquisition are given in ~able 4 (pp. 19~-191). 
o 

Across the whole sample the most important reason was in 
l <! 

order.to reduce set up and non-machining or do~n time. The 

other most salient reasons were: to obtain quality 

improvements in terms of greater repeatability of output; 
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Cpde for Subsequent Installat~on 

1 

Ne' fnstallated tOI 

cope with increasingly BophiBticated~esigns of 
products. 

lb. ccpe with recalcitrant materials such as fspace ~e 1 
superalloys". ' /' 

r~ 

2. reduc~ set up and cross-machine ~ransfer ti~e. 

3. improve quality in terms of finish, repeatability, 
toI er..ances. 

4. increase machining time. 
1 

~. improve flexibility for small batch runs. 

6. reduce waste and inspection time. 
o 

7. save labour costs. 

8. open up new markets for firme 

9. gain experience with advanced new technology. 
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Raolt Order of Reasons for Subsequent:' Acquisi tioIf Patterns 
• .. 

Table 4: By Engineering Group 
t .' 

,..J 
/. 

Aerospace Electrical Sheet 
Metal 

Transport 
Group 

Pumps and ~ r;>fe and 
Val ves '. Mould 

Industrial Agriculture Total 
~quipment and ~umper " Sample 

1 2' 3, 4 t 
" ~ 

2, 4 2 2 2 .. 
2, 3 . 1, , 6 6, 8 3, 4 rest = 1 JI 3 5 

~ 
4 4; 5 ' lb S; 7a. ri mentions. 3 6 3, 6 

lb, 8 7 6, 8 . 4, .7 • 

5, 6 8 
I!> 

, 
..ttIt ~ , 

-r C' .. .... 

"'. Number of" Firms 
15 8 5* 4* - 5 6 10 4 ... .. 

* Tvo firms had a single Ne'tool and con5equantly~sub5equent acquisition issues dit not 
arise. · One firm was activèly considering NC'installation for the first time. 
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better surface finish and higher tolerances; to 0rtàin 

faster ~achining of.piece~ by combining,o))erationj on a 
1 

J 

single set ÙP; and to be able to undertake machinipg of mo~e 
.­

~ complex contours and facilitate the mach~ning of 
. . 

materials such as stainless steel alloys. 

î 
diffiC~lt 

, ThrQU9~OU: ,the e~neering ihdustd "d;'wntime" when 

machine tools are no~1 shaping metal 4s identified as the 

fun9amental 'source of costs. Estimates of downtimes for 

particular pieces' of work ranged frorn 40% to 95% 'of the time 

spent in. the plant according to my informants. Even so, 
~ ~ 

much of the machining that takes place ~s not the dj.·rect 

manufacture of parts to be sold but ratl\er the. fa,b,xication 

qf jigs and <ifixtures - devices to permit production to take ,-
~ . 

-. 
place. In order for such production machi~g to take place 

the machine tools and their adjunct jigs and fixtures have 

to be carefully'.set up, yet another time-consuming process,' 

Subsequently, inspection measuremen~s have to be made at 

certain points during the machining probess to ensure that 

it is working properly. Any parts that deviate from the 

required dimensions have to be considered for remachining 

which involves working out further, particular, 

specific~ti6ns for the machining of those parts . . 
Non-machining ,time, embodied in preparation for production 
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inspection dU~9 producion; contributes consider~blY to 

costs of produ~ion in engineering and metalworking: ~ 
Another importan~ aspect of downtime is the need to .. 

- -transfer piec~ from one machine to another - from lathe to 

mill, to drill, to grinding machine, etc. - in order to 
. 

effect the different machining,processes required. Sorne of 
.' 

these machine processes can be' slower'èh~n others, sorne 

require longer t~es to set up, etc., so that scheduling the 

route of the piece to minimise down time is an extr~ely 

complex process in large firms, the responsibility pf entire 

departments of ·process planning,· and optimum scheduling , 

extremely ditfic~lt to obtain (lj). Consequentry, - l 
components in the making spent much of their time waiting ~n 

between transfers from one type of machine ta another. It 

i p not surprising, t~en, that NC tech:Jlo9Yt which makes 

possi~le the combining of different machining processes 

using standard cutting tools·and simplified holding 

arrangements also using standard clamps and bolts which 

largely el!minates the use of jigs and fixtures, is . 
pe!'ceived to have reduced downtime costs significan"tly 

across aIl ~ections of metalworking and ~ngineering (14). 
7 

It was in respect to these factor~ that the'hea~ of ~he 

NC machining section of a large airframe manufacturer to~d 
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me, "Our reasons for goyg NC were its efficiéncy and tïme .", 

saving. You have fewer and simpler~holding d~vices 
. # \.' 

replacing many varieties ~ jigs and fixtures. Quality 

cont~ol precesses are simplifie~ Ne lowers the inspect~on 
-

required because you only have to inspect the first piece. 

More 'economies develop the mo~e you use NC and all the bugs 

are eliminated from the programme and you learn the optimum 
." . 

• 
patterns for scheduling work, feeds and speeds, tool 

• ., ,,.. [lP 

moni torlng and r~placeme.nt and so on. Once this level is 

achieved you can run NC"machines twenty four hours a day 

with minimum manpower, with most of the dire~t labour going 

into loading and unloadi-ng workpieces.", This firm 
) , 

specialised in1the manufacture of large airframe parts in 

relatively l(rge 'batche~: Its use of NC machinery was 

nearer to m;ss pro~uction 'operations than to the very small 
'" 

and variable runs found in subcontracting shopsj 
'", 

Consequently, NC machinery was organized for production by . ' 

semi-skilled operators who acted as machine loaders and 
.. .,. , , 

watchers once the macnines had been set up by 'skilled 

machinists who also loaded and, 'proofed the NC programme (l~) 

(these dep~oyment patterns are discussed in the following 

chapter) . 
... 

Another characteristic commentary illustrating the focus ~ 
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on downtime reduction was made by the programm~r from a 

small general precisiop machin~ng sho~. "NC has altered the 
, 

production sequence a 'iot. Very_often before Ne there were ... 

lots of problems with a pi~ce waiting to be worked on 

because a'particular machine was loaded with something aIse. 

With NC you can often completely machine a piece with only 

one or two set ups on the same machine. This increases 

productivity and avoids idle time for the pro?ess." 

Similarly, the manufacturing enginee~ of a large .,.. 
agricultural equipmetit firm said his company experienced 

-' -;.~ . 
three major advantages of Ne ov~r conventional machining. 

~ "The majoD gains w~re an increase in product~on rates 

o 
\' 

, -

th~ough the reduction of set ups, messing around with 1 

fixtures and a combi-nat-ion of machining sequences with one 

set"-'up. This also lowered overall costs because you didn' t :0-. 
have to stock additional materials for fixtures, store 

fixtures, make more than tpe required number of parts so as 

to reduce the possibility of.setting up the production aga~n 

in a few months' time. Then there were importa~t labour 

saving~sin~e you didn't have-p~ople workin~ up the- t~Oli~ 
setting up sev~ral times on the same piece, transferring the 

p.iece across machines -and so on." 
\, 

If 

The results presented in Table 4 show marked uniformity 
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1 of responses across my sample, with little inter-sectoral 

'" variation over the reasons for expanding N~ utilisation. 

This ls accounted for by the prominence of doWrttime and set 

up co~ts in all branches of engineering apart from areas Of" 

mass prbductio~ which constitut~s a quarter of engineering 
, , 

production volume at most (16). ' The importance of these 

technical a'dvantages were underlined by the president of "an 

advanced manufacturing systems research, development and 

consulting firm. "NC and CNC is a·techno1ogy which is 

applicable with advantages virtually everywher~. Tao many 

people see it as requiring nigh vOI~me~ arder ta pay back 

the hlgher cost as fast as possible. _ They don' t understand 

that higher costs are no~ only found in' high volume work but 

also in short runs which are extremely expensive in terms of 

piece idle 
" 1· 

is the 
(:l , 

set up, time, 'etc. It rather small runs , 

and volum~~ which( by the way, characterise Canadian 

manufacturing very much, where the advantages are really 

felt ta the full~M 
o 

H~ argued that the fundamental obstacle . , 

to the spread of NC and ONe was management conservativism, 
l ' 

pointing out that North American management contains a 

significantly smaller proportion of engineers and scientists 

than is tpe case in Western Europe and Japan (17). 

The sheet metal firms stood out as companies which did 
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not emphasize these advantages of NC.' This reflects ~he 

very differen1;: technology iny'ol ved in metal ''St(lrnpi'~g ~ as t 

opposed to metal cutting. Shéet metal firms obtain stamping 

dies from ~ubcontr.actin~ tool and dle w~rkshops who abstDJb 

the cosès of Set ups,~fïxtures, etc. in making these parts. 

Setting up punch press~'p~ is a far ~ïinpler proce~s than 
'" . 

set~ing up fixtures on mil~s and lathes. It usually 
D , 

inv9ly~s inserting the di~ or 'oth~r stamping pieces which 
) 0 " • f 

fit over mating\ pins .so that t,here is very little cri tical 

labour required to actually check this installation and then 

establish the correét feed rate and die pressu~e for the 

thickness and tPe. éomposi~ion of\the me~al sheet~ing 

worked on. In these circumstances the Ne machines' most 
... 

"important advantage was the precision in setting feed rates. 

pte-NC stamping presses had feeding~mechanisms ~ctivated by 

rachets so ~hat the feed rate which determined ho le location 
l ' 

was restricted by the ratchet gear ratios. Electronically 

"'activated feeding ode'vice~ overcarne t!his restriction and made 

fe~d rates far m~r~ ~lexibl~. Ne also introducJd de~ign 
changes whiqh made the installation of dies faster'and 

0( "-
\ 

increa~ the rang~ of die patterns. .In the words of one 
, 

sheet metal firrn owner, "NÇ "machines gj.ve us repe~tability 

of'orders, computer storage of the pa~terns, faster 
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programming, cheaper costs and faster productivity."· 

There were sorne variations in the reasons for 

subsequent NC acquisitions between firms of different size , 

as shown in Table 5 (p. 199). While the airn ta reduc~ set 

up time was very prominent among aIl firms, the small flrms 

were concerned with the need to cape with cornp1ex, very high 

precision manufacturing requirernents. This reflects the 

weight of precision machine shops, aerospace subcontractors, 

and die and rnould firms arnong the smaller plant size group. 

Medium sized firms were concerned to use NC equipment to 

'upgrade the quali ty of their products which ref1ects the 

number of sheet metal and pump and valve companies in this 

group. Large firms viewed Ne technology as a means ta 

introduce greater flexibility into their production and so 

enable them to cape wi th the more variable and fluctua ting 

markets which have emerged over the pasf decad~.~_ 

The cancerns of eng~neering management to reduce down 

time and ta improve praduct quality are identical priarities 

for Ne acquisition prior to 1974 and after 1981 (Table 6, p. 

200). During the intervening years these con~irns Wère 

displac~d by the need to cope with iocreased CO~Xity, 
design refinement, and precision of engineering products. 

The following section explores the reasons for these shifts. 
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Table 5: Subsequent Acquisitions and Firm Size 

Number of 
Firms 

Small 

2 

1 

4 

3 

6 

lb, 8 

7 

16 

1 1 

5, 

1 , 

Medium Large 

3 2 

2 3 

4 :5 

6, 7 , 8 1 , 4, 6 

lb 7 

21* 20 * 

* Two firms had a single Ne tool and consequently 
subsequent acquisition issues dit not arise. One firm 
was actively considering Ne installation for the first 
time. ' 
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Iabl e 6: Subsequent Acqui si ti On and Date of Fi rst 
Ne Instàll aU on 

Number of 
Firms 

Pre-1974 

2 

3 

4 

5 

1 , 6 

7 

lb, 8 

36* 

~ 

1975-1980 1981 

1 2 

2, 4 3 

3 Rest = 

6 mentions 

8 

lb, 7 

17 4 * 

* Iwo firms had a'single Ne tool and consequently 
subsequent acquisition issues dit not arise. One firm 
w •• actively considering Ne installation for the first 
time\ 
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Temporal Shifts in Ne Adoption 

There were shifts in the reasons for adopting the 
. 

te9hnology as experience with it grew. An advantage of 

-being a pioneer was pointed out in the case of a general 

precision machine shop. "We were persuaded to try NC 

because of the conventional arguments: engineering control 

of the operation because the operator was captive to the 
pP 

programme so you got reliable, repeatable parts of high . 
quality, etc. We fo~nd though, the major initial advantage 

, . 
of belng an innovator was that you could charge conventional 

machining rates for jobs done by Ne tools in one tenth of 

the time. Also having NC capability carried you through the 
~ 

slumps when convention al machining jqps were scarce. As one 

of the few Ne companies around you still got the complex 

jobs and the high precision machining contracts." 

Two similar aerospace related precision machining job 

shops pointed out that they initially went into NC in an' 

attempt to compensate for the shortage of skilled labour. 

"We got our first machine in 1971 hoping that we could use a 

skilled machine instead of skilled people ...... ~ater, parts 

have got so cornplex that NC machining is essential. You 

can't rnake them on a repeated basis by conventional 

machining even wi th skilled people. " 

201 



c 

• 

In the second firm~ which did a'significant proportion 

bf work making spars for U.S.A.t. fighter planes, uThe 

company developed by building a skilled labour force of 

", European immigrants wi th industrial apprenticeships and 
" 

c 

extensive qualifications and experience. For a long time 

highly skilled machinists were essential in the production 

oZ s~ars because the geometry was too complex for the 

programming capability of nc machines. Later it was 

difficult ta maintain a full company of skilled machinists ( 

and our ever expanding work load led ta the need for using 

smart machines and less skilled operaters. and the parts 
#' 

became 'more complicated and increasingly difficult to 

machine to the ~equired tolerances. Over the past five to 

eight years there has been a shift in the air frame industry 

from aluminium to titanium alloys which are very tough to 

machine. Nc machines get the best results. U (On tough 

rnaterials and Ne machining, see footnote 4). 

Respohdents in several branch~s of engineering and 

rnetalworking commented on the shift ta ever closer 

tolerances and standards oof precision. Sorne of the 

preced'ing statements have already alluded to this. In 

aerospace and rnilitary contracts Ne maèhibing has long been 
~ 

- -
established as'the norm and subcontractors are judged by 
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extremely high quality standards with, for example, 

virtually no allowance for scrap producing errors. This is 
\ 

partly a reflection of the extremely expensive high stress 
~ 

alloys used, and partly a traditional emphasis on high 

technical precision. 
\ 

The proprietor of a precision aluminiu~ mould shop 

suggested that these standards are spreading from military 

and aerospace fields to engineering more generally~ -In our 

line of work (making aluminium molds for precision castings) 

parts are now more complex than they used to be, they are 

larger than they used to be, and tighter tolerances are now 

imposed on manufacturing techniques becàuse people are now 

designing through computer techniques. These,changes are 
~ 

due to a combination of engineering changes.' In metallurgy 

there has developed stronger but more castable and 

machinable alloys. This means investment casting (18) can 

be used for pigger sized parts which couldn't be made with' 
" 

earlier alloys which experienced aIl sorts of stress and 

weakness in large forms. Casting parts.can cut down costs 

because a single cast part can eloimina te the need ta , , 

assemble several smaller parts ~hich require careful design, 

manufacturing and fitting ta end up together in the right 

way. An~ the more refined the casting technique possible 
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the less waste of materials - you don ',t use a lot more metal 

than you really need because you have crude casting methods. 

The finer casting methods also minimizes mach~ning and 

finishing of parts with aIl the potential bugger-ups that 

ean involve. Now with cheap, powerful computer programmes, 

CNe machining centres an~ edm machines you can make the dies 

that make aIl this possible. u
, 

Other areas of engineering which had experienéed an 

increase in the complexity of maehining in order to c?pe 

with inereasingly rigorous design phenomena included pumps 

and valves where the refining of an eV-er growing array of 
. , 

toxie and corrosive chemicals required high pressure, 

corrosion resistent, leakproof and precisely adjustable 

valves and turncocks. parallel developments have occurred 

in the use of pipelines to transport gas and oil-over lopg 
,-

distances, the use of special\pressure devices for mixing 

,compounds in the food and beverage, chemicals, and 

pharmaceuticals industries, rendering the design 

requirements of pumps and irnpellers similarly more rigorous. 

In the printing industry, multicoloured, photographie 

reproduction requires very tightl~ cont~olled paper rolling 

feeds and precise coordination of multiple printing rollers. - ' , 

These require~~nts have led to the emerg~nce of precision 
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requirements "almQst as tight as those in the aireraft 
~ 

industry,· aeeording to a printing maehinery informant. In 
1 

sho~moulding the use of different plastics and plasticised 

__ fibres in various combinations required very high accuracy 

in rnould finishing because of the complex~ty of_ the 

allowances to be made for shrinkage as ~he p}asties 

solidified and hardened. 
\ 

Simila~ trends to higher preci~i~n 

engineering in sheet m~tal and electrical products, as weIl ~ 

as the move to carbide dies have, as 1 have already 

indicated ï led tct the consolidation of nc teehnology in 

these s~ctors of engineering anti metalworking~ 

~part from the various causes of the development of ever 

high~r standards of precision iri engineering rnanufacturing, 

the spread of Ne technology was reinforced by another 
y 

general tende~cy; an economic one affecting several 

industries. This was the increasing instability of markets 

arising from various causes during the seventies producing , 

shorter product life cycles,. reduced le ad times to develop_· 

and manufacture a product, a greater"tendency for 
f} 

customizing, aIl of which produced shorter and more varied 

product runs. Sueh tendencies have been most widely :". -
cornmented upon irt the automotive industry but have spread to 

other,~ndustries d~5ing the 197ès (Blackburn et al. / 19BS, 
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For example, it was noted by a toolroom supervisor at a 

major automob~le making plant. "Ne was first install,ed here 

(in the plant's toolroom) because the firm wanted to cut 
4,ot 

down lead times for replacement parts and , later for 

prototype manufacture. We often get situations where the 

assembly line is potentially jeopardised if it canYt get 

replacement parts in reasonable time. Also in this industry 
, 1. 

retooling times are very critical and we need to coqstantly 

cut the time needed to manufacture complex fixturing and 

compo~ents for manufacturing. But in the seventies response 

times have become increasingly critical as the North 

Americàn auto industry is being required to become . ~ 

increasingly flexible in its range of models, its 

customising operations, expanding the range of models-

offered and 'changing models faster than before." 

A va~iant of this situation was found in firms which 

5uffered particularly marked ebbs and flows in the demand 

for their prod~cts. 'Thus the planning and development 

manager at a railroad freight car manufacturer pointed out, 

UAnother important feature relates ta the façt that ~his 

particular industry is subject to éonsiderable fluctuation', 

in demands 50 production levels move up and down quite 

-:: ....... 
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extremely. In the past this has rneant extensive layoffs 

during slack.times and sometimes wé have,lost good people 

and couldn't get such high quality workers back. with Ne 

and robotics we can produce at peak tirnes with a lower 
"--

labour fo~ce and retain thern during slack tirnes. In~this 

way we have managed to develop and maintain a core labour 

force with higher education and qualifications which we hold 

onto during recessions. So there is an increase in 
1-

employment stability and reliability in labour supply," 

Similar emphases on the advantages of Ne to indùstries ~ 

yith fluctuating markets were found in agricultural 

equipment. For example ~he manufacturing engineering 

supervisor in one such firm pointed to the shift in thinking 

as his company gaine; experienc~ with Ne. ·We g6t into Ne 
',1 

primarily to reduce costs and to increase output during.the 

seventies when demand was increasing rapidly. NC prornised 

more rapid production without skyrocketting èosts of 

tooling, fixturing, and set up. It also promised ta combine 

machining cyc~es and reduce piece transfers and 
~ 

non-machining time for any piece ...... Later on the market 

started fluctuating, ther~was also a move to greater 

product variation. Se NC technolegy's flexibility became 

more important when yeu needed to switch production from one 
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product line to another and moved to smaller volumes 

production of a greatér variety o~ items." 

Several informants in aerospace and precision 

machining shops pointed to the difficulties faced by thelr 
, ~ 

. 
firms in a ~arket sU,bject to very high performance standards 

1-
,and violent cyclical shifts. '" The work we' ve done for these <) 

contractors~has'e~~bl~d us to keep up with the best .... 

m9g.hining and metalworking technology so"we do th~_highest . 
quality,work with the bes~ precision machines'and inspection 

procedures, and attract a quality labour force. But the 

technology in this area keeps changing so fast you have to 
. 

keep the contracts coming-in to be able to afford upgrading 

your equipment. And the standards .are so high i t takes . 

years to build a repu~ation but only one bad order to ruin 

it." And another aerospace mach;i.ning firm informant pointed 

out, "Job shops like us are under extreme pressure ~ll the 

time. Our business is a very up and down one, it's·either 
\ . 

fe~st or famine. But even in the good·times there's very , 

fierce pressure to cut th( costs on the jobs you do. It's a 

highly competitive business in certain areaSi a good 

toolmaker can set up a one-man ~hop in his gara~e with 

negligible overhead and do a single operation job. AIl 

round machining shops are_strapped because we have to 
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maintain aIl round capaci ty wi th a i'ange of machines and a \ 

core of~killed operatives, technicians and managers.-

Patterns of NC Adoption and Use 

While there ~as much convergence and overlap over the 

reasons given for the initial adoption and. subseq~ent use of 

NC technology throughout my sample-certain patterns of types , \ 

of adoption and use occur. Several firms
o 

had adopte\ a 

careful one step -" at a time approach. Tl:dJs cornmenced wi th 

the ident~fication of a particular bottleneck which might be 

'opened up by using a relative~y simple, easy ta programme nc 

tool. The tooî's simplicity m~de ,it an ide~l learning 

inttrument and did not re~uire the infusion of major 

resources to support its op~ration. Four firms - a steel 

co~pany Wh~~ is ta be outlined i~ detail below, an 'aircraft~ 
transmission anJ gearbox manufacturer, a pu~p,impeller and 

valve maker, and a rnanufactur~r of swaging (19) and forming 

tools were examples ot this 'approach. 
1 ~ 

A secbnd pa1!:-tern was the uti'lization' of NC machinery te 

solve problems of a particularly difficult machining 

process. In this case there was no implica~ion that NC's 

success would --lead to the expans\ion of NC ta other )process~s 
. 

in the plant. This pattern was particularlY marked in 
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diemaking whére edm mach~nes worked side by side with 
. i 

conventional machinery fçr specifie a~licatiQns only. It 
'~ ~ 

was also found in several plants where the ~ulk-o~ the 

product line was mass produced as castings, forgings, or < 
\ ' 

~ 

welded parts, and Ne was applied to a single line or family 

of parts. 
> 

Such was the case of'~he aluminium foundry finishing 

-auto engine block parts on Ne mills;_a fl~nt ma king heavy 

industrial rollers, bearings and bearing parts, which 
<' 

introduced Ne in order to develop a line of airc~aft engine 

bearing componentsi a~f~rm making ~~ar~e variety'of steel 

pipes, pipe fittings a~d pressure vessels for'the pu+p and 

paper, petrochemical, food and beverage industries, which 

installed a~ Ne press for a specifie sheët metal stamping , 
~ 

contrapt, ~nd thén spent many yea~s using the machine ratàe~ 
t, 

episodi'cally i ,an elevator and conveyor machinery 
t;1 

manufacturer which used Ne f6r the precision machining 6f 

guide bed components of these items. In aIl these cases Ne 

existed as a tiny ~sland of advanced manufacturing 

technology within a much larger sea of traditional mass 

production automation or high skill manual machining. 
L, 

A third pattern was found in the case of several firms 

which adopted the policy of' replacing convention al machine 
1 

15 
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tools with Ne tools as th~ former wore out. This policy was 
1 t> 

, ), 

undertaken on th€~ understanding that Ne technology was the 

·wave of th~ future" in manufacturing technique and would ... 
1> 

becom~ the main stream mode of production in the near~fubure. 

\ .. 

Such policies were ~ndertaken by agr~cult~ral and f~restry • 

~quipment firms, by a sheet metal firm identified,by a , 

~ompetitor as one of the most technically' advancèd in the , , 
, , 

region, an aircraft fuel line cQmponent maker, two 
. , 

manutacturers of pumps and valves, two 'firms making hea~y 

~achinery fo! pulp and paper, 'mining and hydro electric 

.~tili ties . . 
A fourth 'pattern was that of technological transfer from 

L • • 

contractors to subcontractors, and the shift in demands o~ 
. 

subcontraptors fro~ products requiring high conventional .. 
manual machining skills, to products characterised by eve:r 

greater complexity, greater precision and critical surface 

finish, and more difficult te machine materials. This was 

particularly marked in the aerospace industry, of course, 
1 

but thes~ pressures were found to exist in die casting, 

valves and pumps, and electrical. transm,ission and 
1 

communications equipment. 
;;v' 
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The Process of Ne Adoption: Three Cases 

Whi1e the foregoing analysis, l hope, sheds 1ight on the 

reasons for NC adoption and utilisation, it does not provide 

perhaps, a very c1ear impression of the process a firm goes 

through in the course of installing and using new 

technology. In this section l want to present three cases 

which exemplify the extremes of the process of technological 

adoption. In two cases the firm just -mudd1ed a10ng,- in 

the other case the process involved much more systematic and 

ongoing evaluation and planning at each phase~of adoption 

and use. 

Ironically a CNe research and consulting firm c1early 

~isp1ayedOthe mudd1ing a10ng approach and a1so exemp1ified 

some of the factors which contribute to this pattern. The 

company offered consulting advice to firms attempting to 

computerise their manufacturing operations, using its NC 

machines to experiment with differrent types of industrial 
J 

production arrangements, to deve10p new programming 

software, and ta make prototype NC and CNC machining parts 

~nd fixtures. The company deve10ped out of the consulting 

activities of a number of university based mechanica1, 

ce~ectrica1, and computer engineers. However, in the process 

of setting it up Hit did ~t fo11ow our own princip1es of 
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planning for machine tool selection. Our Ne units were 

obtained on the basis of an opportunistic grabbing of what 

was available on the market, within a broad basic criterion 

of flexibility and ability ta handle and explore a wide 

range of applications for our R&D work. N My informant, the 

company president with an industrial engineering not a 

university background, went on to explain how this situation 

developed. "We had,to get sorne equipment quickly because 

our first contpacts were in hand and we felt we had to move 

fast to establish ourselves. After that our personnel 

tended to be so busy handling subsequent contracts tha t wc 

drdn't have the time or the resources to take stock 

systernatically. As a result we fell into the same trap as a 
o 

lot of our clients." 

This statement clearly illustrates sorne of the 

constraints which deflect management away from optimum 

decisions and generate satisficing decisions. These 
o 

constraints are the same as those which lead firrns to the 

use of least cast sources of information in monitoring and 

selection of nc tools. Manufacturing firms are under 

continuaI demand pressure from their markets which diverts 

their attention and resources from anything beyond coping 

with such pressures. There is little scope for systematic 
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planning and reorganisation for the optimum use of Ne Which 

is unaertaken, if at aIl, only when serious and specific 

threats to ~arket position develops. 

While the advanced rnanufacturing consulting firm 

obtained Ne equipment without the kind of systernatic market 

survey it would advise its clients to undertake, it was 

still apparently using nc equipment in the intended fashion, 

i.e. as programmable machinery and not merely as highly 

accurate conventional tools with primarily rnanual operation, 

as was the case in the following example. In ~y second case 

there was consiaerable doubt that the Ne equipment was 

really being used properly. The plant was a branch of a 

German engineering conglomerate manufacturing large, 

\sophisticated, custom designed printing machinery. Each 

unit cost between half and two and a half~lion dollars, . 

and less tha~ ten such units were made in~ year. It ~ 
comprised many subcomponents, generally fab' ted from ~ 

basic engineering materials with weIl known ma ufacturing 

properties but requiring very close tolerances comparable 

to those of the aircr~ft industry. 

In the course of expansion in the mid-seventies 

~anagement had invested in an Ne lathe and milling machine. 

On the basis of their understanding of the Ne equiprnent's 
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capabilities the c0mpanYflad committed itself to a larger 

number .of contracts than it could effectively handle. 

Failure to live up to contractual commitments, prolonged 

difficul ties in using the new equipment effecti vely and the 

increased debt load arising from capital and labour force 

expansion undermined the company's profit position by the 

end of the seventies. The recession of the early eighties 

produced a financial cri sis and a new management team was 

brought in to restore profi tabili ty . 
r-

My informant, the current manager of operations, was 

one of the new managers, an engineer by training with 

managerial experience bqth in the United States and in 

Canada. His characterisation of the management's venture 

into NC production was wholly negative. He placed the 

experiment with Ne in th,e context of "management' s failure 

to make the necessary shift from entrepreneurial to 

corporate planning. The NC equipment was bought without 

planning because it happened to be on the market, and 

management thought they should be upgrading the plant. Both 

machines were second hand units with obsolete controls and 

should never have been bought. There was no preparation [or 

NC ei ther by the management or the workforce." 

Among the management failures partic~larly common with 
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the adoption of Ne he saw several planning failures prior to 

ne installation, and sorne resu1ting problems for the pattern 

of NC utilization at the plant. "Management didn't see that 

people are the who1e problem not hardware or dollars. You 

can on1y effectively use Ne if you're organised to use IV. 

We're not organised to use i~ even now~ twelve years after 

we got it. There are certain preconditions for Ne use we're 

just not meeting. First, we are' not organised on the floor 

so that the Ne equipment is fed jobs all the time. This is 

essentia1 because Ne machines are not just more expensive 

than conventional machine tools, but they carry a greater 

organization and technical burden. For Ne the cost of 

operative labou~ is insignificènt. But because they are 

more productive they require either higher inventory or an 

extremely weIl planned set of arrangements with suppliers 

and subcontractors for just-in-time delivery. They need 

different ancilliary equipment, more skilled maintenance 

personnel, and a very effective management and programming 

team_to use effectively .. The cost of the NC tool itself is 

just the tip of a very large financial iceberg." 

Because of the failure of priar evaluation and planning 

.management had underestimated the costs of installing, 

maintaining and operating Ne equiprnent, and they 
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underestimated the degree to which aIl plant personnel 

required training and orientation in NC use. Both of these ~ 

factors led to increases in production costs, and the latter 

undercut the gains which- caul4 be made in using NC. One 

significant potential gain is the reduction of set up and 

transfer time, but according to my informant this is only 

achieved by sorne reorganising in the physical layout of the 

shopfloor, and by grouping machines in such a way as to make 

automatic transfer of workpiece~ acro~s machines pos~ible, 

or by establishing work cells which permits an operator ta 

work on one machining sequence as another is occurring at 

the same time. But work cell arrangements and shopfloor 

reorganisation ..... requires new forms of organization with a .... 

lot closer communication between design manufa.cturing and 

shopfloor people. To prepare for this yo~ have to'get 

people ta -meet on a regular basi? You have to involve aIl 

relevant categories of personnel -- engineers, management, 

technicians, foremen and opératives. It is essential that 
. 

operatives, arid not just management, see the machines at the 

vendors do the sort of jobS they will be doing at the plant, 

and have several exposures as observers before having to try 

out their skills." 

Not only were these prepara tory organizational changes 

., 
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not undertaken, but the machine tool seléction and 

application had been Jaulty. The machines acq~ired were old 

models and, it was discovered, had controls of a very 

short-lived design. Consequently the tape preparation 

machine was of a non-standard design and major problems soon , 

emerged when spare parts and maintenance became necessary. 

Currently a local machine hobbyist has to be brought in to 

maintain i t. 

AlI programming is done on the shopfloor. This was a 

major error according to my informant, who was a vocal 

exponent of programming integrity. "The operators are 

unused to the fast movements and heavy cutting capacities of 

NC machines so they drastically reduce aIl feeds and speeds' 

to the levels of conventional m~chine tools. u The second 

problem was th.at wi th shopfl,oor progamming product 

inspection. is ";7till 
, "-

integrity ~here the . 
1 , 

a necessity. "If you have programme 

programme is the rëspohsibility of the 

des~gti group, the programming.group, and the shopfloor 

foreman, there is absolutely no major alteration without aIl 

of these people's knowledge. This makes it possible to 

eliminate produc~· inspection because the programme is 

ensured, the machine tool specifications are known and 

maintained, so that once the programme is proofed you know 
) 
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what the output will be." He further argued that because ®f 

the uninformed way in which NC was adopted no one got 

adequate training in parts programming. Con&equently the 

opera tors': programmes consisted of ..... far too many 

analogues of a convention al machinist's action and very 

liltle creative use of programming to compress machining 

sequences. 

Despite aIl of t~ese problems he admitted that many of 

his colleagues had felt that NC had been a worthwhile 

investment. They were able to think this because the NC 

machines had faster cutting action even when "turned down" 

by the operators, than conventional m~chines, and in the 

case of the NC mirl, machining was significantly more 

accurate than its conventional counterpart. Consequently, 

when a Manufacturing Department audit recently showed that 

53% of the plant' s machinery was in very poor condition with 
, 

ove.,: 10% maintenance down time, ~the report concluded that a 

programme of replacement with Ne equipment be undertaken. 

According to my informant, however, no references were made 

to work rescheduling, shop layout, support structure, 

maintenanc~, training, etc. -- all~the factors he maintained 

were required for effective utilisation of NC technology. 

Very few of my cases in fact lived up to the criteria 
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of efficient NC utilisation this informant put forward. It 

is probable.. that he presented a maximizing efficiency model 

of technological use, whereas ~ost in:tustrial rnan~gers have 

to operate in a satisficing fàshion. In the latter instance 

it is probable that the visible gains of NC at this plant in 

terms of speed and accuracy of machining were sufficient for 

the technology to be judged useful. The particular 

confluence of factors in the company's recent past rnay have' 

rnagnified sorne inefficiencies in the use of its NC 

eguipment. Certainly the increases in overhead costs 

associated with Ne use contributed to an already precarious 

financial position. However, this is not the sarne as 

holding that the only efficient use of NC in these 

circumstances wo~ld be a maxirnally efficient application 

involving wholesale reorganisation of tpe plant's 
/ 

opera tions . 

_In contra st to the- constrained rationali ty of 

technological adoption characteristic of most of our sample 

l did find one case of exceptionally systematic planning 

operating in the course of adoption and utilisatIon of NC 

machine tools. The firm, a large steel manufacturer 

introduced Ne into its machine ~hop at its largest mill and 

refining complex. The machine shop fabricates replacement • 
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parts for r~finery and mill maChin~~repairs worn parts, 

and makes specfal equipment fO~~he entire complex and its 
/ 

branches. In the words of i ts general foreman, .. OUI" IlUlchine 
.:f r , _ 

shop operates as a custom job shop with the rest of ~~e 
, . 

plant being its captive market." The jobs involved are 

extremely dive~se, ranging from single items to several 

hundreds of items such as bolts, sleeves, collars ~ other 

bearing parts for rollers and other rotating parts of mill 

machinery. These jobs also involve a wide variety of 
/ 

materials such as the various cast irons, steels, stainless 

steels and brass in diverse structural forms including 

-plates and sheets, squar~, round and octagonal rods, girders 
t, 

of various sections, castings and forgings. 

Numerical control technology was looked into in the late 

19605 when steel production was soaring and, the machine shop 

emerged as a bottleneck. The shop simply could not keep up 

with the maintenance and fabrication jobs arising from the 

very high levels of steel production. Consequently an 

increasing proportion of shop work w~s being subcontracted 

to outside shops. In addition, shop related labour costs é 
were increasing more than anywhere else in the plant 

(according to the planning and development manager). The 

late 1960s was a per~od of generally high activity in the 
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engineering and metalworking industries, consequently 

experienced shop wor~rs were scarce and commanding premium 

wages. As a result it was both difficult and expensive to 

expand the prodhlDtive capacity of the machine shop by 

expanding its labour force. The wage settlements following 

a strike in 1969 increased the wage bill even further. 

In this context ·we started with an NC drill. It was 

the least expensive in the NC line, and it was the drill 

which was the most used machine in the shop, where a lot of 

slowdowns occurred. The NC drill was a point-to-point 

machine so it was simple to programme. This simplicity 

meant that programming wasn't a large cost; it could be done 

m~lY and in-house, and it was easy to learn so we got 

the drill doing jobs fast." 1 

, 

pespite the fact that the drill was installed after a 

strike and that there was considerable uncertainty on the 

part of bath union and management over 'job description and 

the appropriate skill level of the NCeoperator, the 

installation reportedly involved little labour-management 

friction. Proqably this was largely due to the use of NC 

technology to bring more work into the machine and 
. \ 

fabricat~on shops, so there was no sense that anyone would 

lose their job. Moreover, management,was unsure whether Ne 
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would work, so they were not cornrnitted te any particular 

mode of ~pplication. Both management and the union agreed 

that manning NC tools should be the work of skilled 
, , 

machinists. However, programming was defined as a staff 

function, ·since we felt it would control productivity of .' fhe drill; so we put a lot of effort into recruiting and 

training programmers from the best machinists we had and put 

them on staff."-

On the basis of these arrangements the drill was 

installed in 1970 and operated on jobs requiring three or 

more holes per part. It was judged to be a clear success 

within three to four months of its installation. The 

experience with the drill led management to define other 

operations as areas where NC tools could prove productive~ 

A turning centre (for drilling,tapping, boring,turning), was 

installed next. However, because of the flexibility of the 

machine and the diversity of operations which it could 

perform, its programming was far more cornplex than that of 

the drill. • To programme a simple bol t took a week to ten 

days to get a few hours of machining to turn out a year "s 

supply. SA while an Ne machine had the productivity of four 

convention al machines in machin~ng, their overall D 

productivity adding in programming time wasn't enough ta 
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.justify the greater expense of Ne unle~s we could-find a 
, 1 • 

1 

\ 

faster system of-·prograrnrning. H The company t~n sought !ot' 

an alternative to manual programming which could be learned , 

relatively easily without a full programming background 

since its programmers were recruited from the shopflQor. 
. . 

The COMPAC II system, then a leader in the field of 

engineering prograrnrning languages which simplified the 

extremely complex aerospace Ne languages, was adorted. Like 

many other companies using t'his system bef.<pre the arri val of 
, 

the microc,Omputer, i t invol ved a time sharing arrangement! 

with the programme manufacturer's mainframe in the United 

States. This solved the bottleneck in programming Dut after 

a year the costs of time sharing becarne.apparent. These 

included "very heav-y t~lephone costs, problems wi th line 
, 

noise which increased programme errors and then required 

further telephone programming to straighten out." The 

discovery of thes~ rising costs coihcided with the decision 

ta replace an aging lathe with an Ne chu,cker (20)., In~ fact 

three chuckers were installed - twa for production and one 
" ) -

spare -. and their increased demands on programming .. sent our 

programming costs through the roof. H ~In response to these 

problems with time sharing we acquired our own computer and 

brought the entire operation in house. We cantinued with 
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the same software because we were satisfied 

_. experience wi th the original sof.twar7 choice and siJnce we 

were familiar with it we did not lose time learning new 
-r' 

_,,-' .. œ_ 

software at the same time as, 'learning the capabili ties of 

our computer ... 

Two further Ne acquisitions are illustrative of this 

firm's approach. -By 1974 We needed to increase our boring 

capacity parallel to our turning improvement because there 

was anather incre~se in the mach{ne shqp's workload and 

boring jobs had to be subcontracted. As before we wanted to 

bring these jobs back in house, so we bought a four an~ ~ 
o 

halfaxis Giddings and Lewis boring mill. Around about the 
, 

same time we found that the machine shop couldn't feed 

. material fast enough to the Ne machines and that certa~n 
. 

operations in particular were slowing things d9wn. We found 

that fonventional boring of large holes (more than five 
c ' • 

inches in diameter) was slow on a boring machine and took up 

a lot of machine time which is expensive enough on 

conven~oaal machine~y and ~boüt 50% more so on Ne machines. 

Ohr fabricating ~hop suggested burning la~ge holes, but when 

we tried this we found it st-ill ~oo slow becaus~ of the" 

cOJ?ventional ma(thinery use~d)l the fabx:icating 

Ume. So we boughl; in an NC~lamli cut~er and, 
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programming techniques, its six torches increased the 

accuracy and productivity.more than eightfold.-

The adoption and utilisation of Né "in this company, 

~hen, w~s marked by systematic focus upon bottlenecks and , 
area~ of high cost problems wi thin i ts plant. Increasing 

demands for the company's products had disclosed bottlenecks 

whlch were-not easily overcome by traditional methods of 

cŒnblning an increased labour force with conventional 

machi nery. It was felt that increased subcontractlng 

involved lack of control over costs and production 

schcdules, 50 alternative solutions were sought (21). After 

a célutious trial involving the simplest possible equipment 

to solve a Specifie bottleneck problem, Ne tools were 
, 

in troduced in very speci fic locations where similar problems 

emcrged. The intr<6duction of Ne machines produced 

consequences which led management to expand their use. In 

sorne cases the experience with ~C tools such as the drill 

suggested other~ways in which the technology could be 
" 

tPPlied. I~ other cases the use of Ne tools produced 

"mbalances in schedullng or unexpected bottlenecks and costs 
l 

( which reguiFe further tooling innova,tions or, as in the case 

of manual and then time-~~~~amrning, changes in the 

tooling support system (Landes 1969, pp.301-317, documents 

\ 
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this as an important part of the impetus to the developmenl 

of nineteenth centur? manufacturing organization and 

technologies :) Programming support was also developcd 

systematically to maximise the use of the company' s own 

shopfloor skiils, and in hou se computer programming WilS 

o developed once the Ne operations render time s'hari nq 

signiftcant. 

A similariy systematic approach towards maintenélllcc Wi1f, 

.. 
aiso indicated. "M:ainténance problems are significélnt 

Numerical control machines are expensi ve ta mainta l n and 

they add electronics vulnerabili ty ta the normal meChcll1 i Cd 1 

problems. Our solution was ~ to develop a complete l n h()lI~~(' 

maintenance group to minimise downtime. We did this OCCélW;(l 

we thought our maintenance problems might be greater becawl(~ 

we are not a production' shop but a repair and adjunct shop 

for our own plant. In a production shop machines tend t 0 be 

cycied out and replaced on a regular basis, ours are not ... 

The status of the machine and fabricat,ion shops as 

support units to the steel plant and the possibly longer 

time Ne machines would be used before being scrapped, led 

the shop foreman and the senior planner to specula te lha t 

their utilisation of nc was obsolete in cornparison wi th 

other branches of engineering and particularly with respect 
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to current computer technology and programming. However, 

they argued that in its strictly machining aspects their use 

of Ne technology was current and is continually monitored. 

For example, ceramic cutting tools are being tried on 
/' 

particularly tough and recalcitrant materials to reduce the 

expensive repair and maintenance required for traditional , 

high speed steel tools.- Experiments are also being made 

with the latest European cutting tool designa. The latter 

are of different design from North ~merican tool~ and appear 

to require less horsepower per machining cycle, suffer from 

less wear of cutting edges, and produce smoother surface 

finishes than cutting tools traditionally used in North 

American metalworking. The interest in European cutting 

tool technology has been impelled by the risiqB costs of 

power supplies, and a general rnove to search for cast 

reductions in possible areas of the rnanufacturing process . 

• 
The final aspect of the firrn's systematic approach to 

incorporating Ne technology in its operations is a recently 

introduced programme of continuous evaluation of NC 

rnachining productivity through regular evaluations of 

rnachining programmes. "We have ,.,found that NC requires new 

tooling forms to really take advantage of its p~oduction 

capabilities, its precision and surface finish potential. 
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So we are now moving to a three yearly process of evaluation 

of aIl Ne programmes. Any programme over three years old is 

autornatically evaluated to see if it should be upgraded to 

current Ne machining capabili ties. In future aIl programmes 

reaching three years of age will be evaluated this way ... 

Problems wi th Ne Technology 

Thus far our analysis has tended to present a relatively 

problem-free picture of NC adoption and diffusion. 

Observors such as Shaiken (1984) and Wilkinson (1983), 

however, suggest that the very comRlexi ty of computer i sed 

manufacturing systems generate problems of their own, 

observations which are now being echoed in industry 

publications. My final section, then, looks at the 

difficulties experienced with NC technology in my sample of 

companies. 

The general patterns of problems associated with Ne use 

are presented in Tables 7 through 11. Respondents for 25 of 

the 60 firms J3aId that they ha<f 'not experienced any 

significant problems from the out set (Table 7, p. 230). ln , 

this group, which included companies in aIl sectors of 

engineering and metalworking, there were 12 large companies 

(five of the se were international firms and mentioned he] p 
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Problem'Free Ne Experience 

Table 7: problem Free Firms by Industry Subgroup 

Aerospace Electrical Sheet 
Metal 

.. 
7 6 l 

15 8 6 

Transport 
Group 

Pumps and 
Valves 

Die and 
Mould 

Firms Free of Problems 

3 2 2 
!!' 

Number of Firms in Group 

5* 5 6 

\'\ 

Industrial Agriculture 
Equipment and Lumber 

3 l 

10 4 

Total 
Sampl,e 

25 

59* 

* Excludes automotive plant considering Ne equipment but not using any at the time of interview. 

~ 
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from other branches or head offices in setting up NC 

) aperat~ons). Two P'i'aller companies were also branch plants 

and built on the experiences of their OVerseas headguarters. 

Three other small companies claimed ta have received much 

advice from contractors. Overall, problem-free experience 

was positively associated with firm size (Table 8, p. 232). 

As weIl, proportionally more firms experienced problem free 

Ne operation in the post-1981 group (Table 9, p.233). 

Even though 25 firms were reported to have exper1enced 

problems with NC installations, it 1s possible that th1s i8 

an underestimate. As was pointed out above, even the 

aerospace firms in Canada were installing NC after it had 

become established in the United States. Further, the 

radical changes in computer technology in the seventies, 

along with the rapid development of better designed ne 

machines, produced maj~r irnprovements in reliability and 

ease of use, so that firms adopting NC tools after 1974 had 

a much easier period of initial learning. 

There are also sorne other factors which might bias my 

sample of informants toward presenting a more positive view 

of Ne than was actually, experienced. First, 9 of rny 

informants were not with the firm at the time of the initial 

installation of NC, or were not closely involved with this 
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Table 8: Flrms Slze ~nd Problem Free Experlence ., 

Probl em 
Free 
Fi rms 

Number of 
Flrms ln 
Group 

Small 

5 <24%) 

.'-~ 

1 

Medl um Large 

8 <35%> 12 (75%) 

16 
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Problem 
Free Ft rms 

Number of 
Firms in 
Group 

Table 9: 

~ 

Pre-1974 

Date of First Ne InstallAtion 
and Problem Free Experlence 

1975-1980 1980-

17 (46%) 6 ('35% ) 3 (612t%) 

37 17 5 

/ 



c 
installation. Second, initial difficultie~ with NC were 

1 

often dismissed as something which characterised aIl users 
~ 

of this technology, or as normal setting up and debugging 

problems. Probes of such responses would produce accounts 

of specific difficulties which, in other firms, were 

labelled as major problems. This pattern of "labelling" 

differences was found across the sample. In other words !' 
J 

found both problem free and problem full ftms in each 

subsector of engineering and metalworking, with the 

exception of tool and die firms where the a ption of NC was 

both late (in terms of the evolution of nc tools) and highly 

restricted.in application. Willingness to identify problems 

with NC, then, seems to be quite variable and questions 
- , 

about problems with technology seems to have touched a far 

more sensitive area than questiofis about labour matters (as 

shall be shown in the following chapter). 

In terms of problem free experience in different 

branches of engineering (Table 7), 'electrical products firms 

experienced the least problems in my sample. Most of these 

companies had electrical and electronic expertise which 

other branches of engineering often lacked. Consequently 

they reported having installed in-house'maintenance and 

programming from the outset, in contra st to other 
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subsectors. The sheet metal firms in my sample seemed to 

have more problems than other kinds of firm. However, most 

of the reported difficulties referred ta the initial 

breaking in of the machine. Proportionally more respondents 

in sheetrmetal mentioned that each new machine they bought 

had sufficiently dissimilar feqtures from its predecessors 

to require three to six months' familiarisation work. It is 

possible that this reflects the recency of the application 

of nc technology to this branch of metalworking and the 

consequent lack of standardization of m~hine tool design. 

Freedom from problems is directly associated-with size 

of firm (Table 8). This is scarcely surprisinq. As was 

shawn in Chapter 5, larger firms have greater resources to 

use in careful preparatory work, information gathering and 

selections of smaller companies are more dependent on 

machine tool vendors and do not have the depth of technical 

and production resources to use in the preparation and 

setting up of complex technology. These differences were 

summarized by the Canadian Machinery and Metalworking 
( 

journal in its UFirst NC Report U in 1970, uThe spread of 

numerical control in Canadian industry has been primarily 

through the actions of larger engineering firms. The large . 
companies are largely self-taught and have hired or trained 
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competent management and supervisory staff to handle NC. 

The selection/and pur~hase of Ne equipment has been a top 

management decision made after i~tensive economic and 
-

technological studies. Small companies are influenced by , 

contractors, but have problems'with NC because they lack the 

personnel able to examine the economic and tech~ical 
t 

conditions for adoption. Consequently during the i96~-70_ 

lull in aerospace business, small subcontractors we~e Giten 

in difficulty in finding other uses for their expensive ne 

equipment. u (Canadian Machinery and Metalworkinq March 

1970,73.) 

As might be expected, problem-free experience inçreased 
/ 

after 1981 (Table .9), but did 'not grow consistently prior to 

this period. This probably reflects two diffusion 

processes. The first is the spread of NC technology to aIl 

branches of engineering and metalworking, and the continuOU8 

development of new NC tools, equipment and software. Such, 

diffusion is likely to have been rnàrked by trial and erro~ 
1 

processes which are reflected in the problems which 

different plants experience in adopting Ne for the first 
, 

tirne. In addition, after 1978 the spread of NC equipment i8 

particularly marked arnong smaller companies which, as was 

shown in Chapter 5, often lacked the rèsources for in house 
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maintenance, the use of skilled operators, and de;el~ing 

optimum programming for the equipment. 

The single largest eategory of problèms was related to 

lack of knowledge and c0nsequent unrealistid expectations 

about NC technology (Table 10, p. 238-239). 

remembe~ed the initial instal~n as one 

considerable experimentation a~d qebugging 

Many informants 

whieh required 

before becoming -

productive. As might be expected by far the greatest 

problems were experienced in the earliest stages of NC use 

earliest, ~hat is, both in terms of the general diffusion 

. of Ne and of the individual eompany's adoption of it. This 

,..L 

was expr~ssed by an Ne department manageT from a major 

airera ft maker ~ pointed out that even though his company 

had adopted NC~5" years after the major.United States 
1 

airera ft manufaeturers and 5 years after Canadair, NThese 

early years, into the ea~ seventies, were difficult ones 

though. Because there was little sharing of knowledge with 

the other aircraft companies back up was minimum and 
• i , 

limited. It took a long time to build up a 'black book' of 

friendly and reliable contacts. It wasn't until l joined 

the Numerieal Control Society in 1974 that we really eh~nged 

f;pm floundering experimentat-i'on. N 

Another informant, from a prectSion machining shop 
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Codes for Type of cfrtf'Ob 1 em in Ne Use 

\ 

1. Unrealistic expectations accompanying general 
lnex,peri ence wi th Ne technology. 

> 

2. Maintenance related difficulties. 

3. Technical problems relàted to machine tool design, 
problems of lack of fit with adjunct equipment. 

4. Problems with parts programming. 

5. 

6. 

Imbalances in production sequence resulting 
high productivity of NC equipment. 

Difficultles in "retrofitting" conventional 
tools with NC controls. 

~I The tables present responses in rank order accord~ng 
to unweighted number of mentions. 

o 
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Types of Problems Associate~ with Ne Use 

Table 10: Rank Order of Problems by Engineering Group • 

Aerospace, Electric~l Sheet Transport Pumps and Die and Ir'ldustrial Agri c~_\ure Total 
(? Metal Group Valves Mou l d Equipment and Lumber Sample 

1 1 1 1 1 3" 1 l, 2 1 
/ 

3 3 4. 6 2 2 2 2, 4, ~ 2 

! 2 6 3 
1'\) 

4, 6 w 
\() 

, 1 

Number of Firms with problems 
-" 

Bp 

(" .r-(l 5 2 3 4 7 3 34 

\ Total Firms in Group 
\ 15 8 6 6* 5 6 10 4 60 

\ 
\ 

\ 

\ One automot ive plant was<Oot yet 'usï ng Ne equ i pment. 
\ 
" 

... 
~ 

'\ . 
"jt -----, 

< 
~. 

~\ 
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Table 11: Problems~and Flrm Sl~e 

Number of 
Fl rms W1 th 
Problems 

Total Numbvr 
of Ft rms 
1 n Group' 

Small 

1 

2, 3 

6 

'\ 
f ) 

15 ( Ïo) 

lb 

* Excludes nonuser firme 

/MedIum Large 

1 1 

2, 3, 4 y 6 2 

3 

5 

10 ( Ïo) 10 

23 21 .. 

Tab) e 12: Problems and Date Fl("st Ne AcquIsItIon 

... 
Pre-1974 

... 

Number of 
Firms W1 th 
P"O~Rms 

ot 

T,ot a ~ Number 
ln Group 

20, 

4, 

1 

3 

5, 7 

20 (54'%.) 

37 

1975-1980 1981-

1 l , 3 

.., .... 

3, 4, 7 

11 (64'%.) 3 (60'%.) 
-~-~ .. ---

17 5 
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specialising mainly in aircraft components described the 

ini tial contact wi th NC tools in graphie tenns. "Whcn wc 

p1ugged i t in i t lit up like a Christmas tree.' l think wc 

blew every one of those lights before we got i t to mi 11 on 

inch. Somehow we got i t working but l reckon none of Ils 

could honestly say we understood how we got i t to do the 

things we did. It probably took two years befon: we qo! 

sorne honest-to-God production out of i t. But thosc Lwo 

years were very good for us ail and set us up to use the 

improved NC machines that were coming out by the end of t Il(' 

sixties. " Simllarly a pump , valve and piston componcnt f 1 l'In 

informant said, "We ini tia1ly underest ima ted the sk l] 1 1 ('vp 1 

required for operating NC machines. We really had very 

litt1e understanding of the technology and we often had 

prob1ems understanding what was happening. We imagincd 

things were going on which were impossible, and didn' t th 1 n k 

things were happening when they did.· 

Th~s sense of floundering around without guidance was 

qui te prominent among smal1er aerospace machine shops ~10 

took up NC machining in the 1960s. For theS~\and other 

companies there was aLso an additional learni~g process -­
;... 

that of discovering the actua1 capabilities'of NC machines 

were rather more restricted th an NC rnakers and sales agents 
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had presented them to be. Several respondents found that Ne 

machining did not significantly reduce the manufacturing 

processes need for skilled operatives. ·We got our first 

machine in 1971 hoping that we could use a skilled machine 

instead of skilled people. Even though it was a point to 

point machine we found that we could not use it with an 

unskilled operator - it just produced large amounts of scrap 

because tool settings and inspections were critical, and you 

had to understand machining in order to see when things were 

l~kely to ~o wrong, or were wrong. Also the advantage of 

these machines is in making very sophisticated parts 

combining many machining operations in doing what cutting 

had to be done in what order and so on. 

A respondent from an elevator and conveying machinery 

firm also said,· We got into Ne in 1970 during a period of . , 
extreme labour shortage when we found it very hard to get 

skilled machinists to manufacture components. At that time 

Ne was being sold as a technology allowin~ industry to use 

less skilled labour. It turned out that it wasn't the case 

at all, Ne just wasn't a push-button production tool 

allowing you to use people withou~ real machining 

experie~e.H 

Most informants saw Ne as sufficiently different from 
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conventional machining technology to require sorne period'of 

learning to use ,it in an, optimal fashion. Whi1e the 

preceding examples are those of earlier users, the more 

routine process of "learning by using" .( explored by 

Rosenberg, 1982 Chapter 6) is nicely summarized by the 

manufacturing manager of a small aerial surveillance 

equipment firm. "It took a while ta find the best way ta 

use the machine. At first we used it for everythinq wc 

could, but we saon found out that this tiec1 up lhe I\\c\chi ne 

needlessly for simple jobs while others which really necdcd 

Ne work were backlogged. Now we ident-i-fy earefull y aJ'cas 

such as compound tolerances (22) where ne machining is 

necessary ta lay the foundations for accurate assembly. 

example, we found skilled machinists making differential 

gear frames conventionally were un able ta hold tolerances 

and this required a lot of backing and fi1ing to get 

straight. So now we do this on the Moog (an NC milling 

machine) and we don't have these problems." 

In other cases more realistic expectations had ta be 

learned about the technical capabilities of NC. The 

technical director of a medium-sized precision aerospace 

For 

machjning shop said, "Although there were no major surprises 

in Ne for us we did find that the manufacturers and sales 
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people made sorne false claims about the speed and other 

advantages of NC. But after the first couple of experiences 

with those you soon learn to adjust your expectations.· A 

British-trained production engineer argu~d that most of the 

NC manufacturers' claims about the speed of NC machining 

were illusory and irrelevent. ·Certain convention al tools 

are easily as fast as NC machines but they require special 

form tools as opposed to standard tooling used on NC. Most 

of the extraordinary production increase claims made by NC 

companies were usually based on rnating NC machines with 

special form tools which really undercuts their real 

advantage of flexibili ty and elimination of form tools. l 

see NC advantages as its ability to do complex shapes and 

using standard tooling which is far cheaper, along with an 

associjlted reduction in costs of maintenande and worker 

skills reguired when special form tools are used.-

The 1960s was a period of dif~usion of NC technology 

from aerospace to other engineering sectors, often involving 

the development of the first generation of particular types 

of NC macQines. Consequently, it is not surprising that 

Canadian users in the sixties and often through the early 

, seventies experienced a variety of technical problems with 

the equipment, independent of the learning processes ~ 
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involved. An airera ft fuel components maker remembered the 

unreliability of nc even in the aircraft field. "Ne 

productivity gains did not materialise in the early years -

the early ta mid-sixties. There was too much downtime; 

there were malfunctions and inaccuracies. There were also 

problerns with the accessories and controls. It took two to 

three years of problem solving before aIl the bugs were out 
~ 

and we were happy with Ne machine performance." 

Another informant who was a programmer when the first Ne 

equipment was installed in his firm making railway braking 

equipment remembered,"There was very little choice and we 

chose the first generation Ne machines by U.S. builders . 

• But it quickly ernerged that the first generation models were 

not the best designed and improvements occurred every six 

months for the next five ta ten years. SA we held off any 

further Ne purchases for eight years when we switched to 

Japanese builders who were proving themselves superior in 

terrns of deliveries, quali~y, and back up servicing." 

Many informants pointed out that the'worst features of 

first generation Ne technolo~y were the pre-sol id state 

control systems (i.e. predating the transistor, microchip, 

or rnicroprocessor). These were.ç~mbinations of "hard wired H 

electrical circuits, electromech~nical rel~ys and magnetic 
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switçhes, and pneumatic devices. They were vulnerable to 

atmospheric oxidisation and corrosion, dust, vibrations and 

temperature fluctuations. All these are conditions endemic 

to factory conditions and consequently Ne machines required 

very high levels of maintenance to keep them going. 

Other salieBt problems were particularly rnarked in the 

" progr~mming of NC machine tools. The first generation of Ne 

tools were programmed by hand computation and the results 

punched onto paper tape, both particularly error prone 

processes. The next development was the use of ~mputer 

time sharing which permitted more complex functions and 

elaborate machining processes to be programmed relatively 

swiftly and with less error. As was seen in the case of the 

steel company, however, time s~aring had its own problems 

:and the process became obsolete with the development of 

microchip circuitry and microcomputer "technology. It was 

universally agreed that the greatest advances in NC 

technolagy eliminating these prablems occurred with the 
o 

microchip revo~ution in the seventies which had improved 

both controls and programming. 

Despite these adyances no generation of Ne machine tools 

has been found to be fauit free and sorne compLaints of 

" 
design inadequacies were found referring ta all periods of 
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Ne tooling. 
1 ~ 

Moreover, NC technology appears to have sorne .. 
inherent problems which were reflected in the largest 

category of problems after those referring to the initial 

adjustment phase. These problems relate primarily to issues 

of mainten~. While a few respondents argued that NC and 

CNC machines required no more, or even less maintenance, 

than conventional machine tools, more argued that 

maintenance problems were significant. An informant with ~ 

large agricultural equipment firm argued, -NC is a more 

complex manufacturing system combining electrical and 

electro~c controls, and computer programming systems al] 

linked ta more precise machinery. These more nophisticated 

systems require more maintenance~ Diagnoses are much more 

difficul t !30 that downtim'es are significantly longer than in 

the case of conventional machine tools. The aerial 

surveillance company informant said, MOve~all there are far 

more breakdowns than the Ne makers claim. l've found this 

true in other companies using top of the line Cincinnati 

machines .. , lt takes very expensi ve people to put Ne 
, 

machines back ta work after they break down. Our own NC 

mill is th~nlY kind we could use but it has sorne very bad 
J 

design features in terms of checking systems so you get into 

very complicated high calibre engineering diagnoses just ta 
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find actually simple things. u 

Several respondents made similar points about the 

combination of electrical and mechanical systems in Ne 

technology as a significant source of maintena~ce prob1ems. 
\ 

Even though there was sorne c hat CNe machines were 

----~-ft~~~~~~~dl5pped with diagnostic features, smal1er firms 

c 

lacked the funds to replace their Ne machines with CNe ones, 

and even the latter had maintenance problems. As one Ne 

programmer with a machinist's background pointed out, uWhen 

a post processor goes down you' re faced wi th a black box .' 

with no moving parts. There isn't enough electronics 

ki1ow1edg~ ei ther on the shop f100r 0/ in management. in most 

engineeripg firms. Even maintenance people are mechanical 
, 

people fi~st, with sorne electrician skills, but rarely any 

electronic expertise. Sa all you can do is ta wait for sorne 

time for servicing or replacement.» Such outside 

maintenance dependence was more remarked upon by smal1er 
< 

companies who complained about the cost.of such services. 

Large firrns iden~ified maintenance as a major element in 

developing a set of in-house support services for their Ne 

operations. , 

Certain applications involving only episodic, irregular 

use of NC equipm~nt rendered regular maintenance appropriate 

.~ 
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to amounts of machine usage difficult to schedule. This was 

experienced by two companies at extremes of the .. 
organisational scale - the steel plant and the gyro-optical 

trac king apparatus company. Sorne large companies who had 

installed Ne early, and rnaintained it well were now running 

into the problem of obsolescence , resulting in increasing 

difficulty in obtaining replacement parts to maintain the 

tools in running order. 

Finally, two observations on problems were made which 

point to the fact that complex technologies generate their 

own inherent, systernic problems (an issue explored a t leng th 

in Perrow (1984) and ta which NC and CNC technology is no 

exception. A programmer for a pulp and paper eguipment . 
maker pointed out the persistent problems in his experience, 

"When a job returns that you did a year or two ago i t shoulù 

be easy because you have the tap~ already. But the sarne 

machine may not be available and you have to reprogramme for 

a diffeTent machine which may be very similar but actually 

has a whole bunch of little, subtle differences. Or the old 

tooling is no longer available and you.have to reprogramme 

to deal with the differences in the dimensions of the new 
, , . 

toolings. Or the first machine may have been reconfigured 

to cape with a new job, or rebuilt in the course of 
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servicing or upgrading sa you'~ got basically a completely 
1 

/" 

new-machine. Unless ybu ;ta e a very good system of 

infor~ation and records, u can wa te a lot of time on old 
\ . 

jobs which turn out to bel worse 'than ' ew, jobs. " 

Another programmer working for a p mpany making hydro 

turbines and generators observed, ·A~h ugh NC has worked 

weil for us in both manufacturi in relation ta labour 

overall, we have had problems For 

example, l will spend four d\YS writing up a 

programme for a piece and then when it~ets to the shop 

floor the machine involved is loaded with;anothér job so'the 

foreman shuffles my piece to another machine and my 

programme will have to be rewritten. If l have other work 

then and l can't rewrite immediately the Programming 

Department gets the blame for the delay. This sort of 

problem has been _significant and we're trying ta get greatelt 

control over shop schedules ta overcome it. Another sort of 

problem l think is there's not enough eareful evaluation of 

costs in business, or polieing shop floor produetivity. As 

a result people only have a vague idea where their eos~s are 

tao high and ne isn't necessarily an answer ta aIl costs or 

problem? Operators tend ta slow NC machines down tao mueh. 

l don't know why -- whether they're sc~red of the speed of 
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the machines or fear being put out of work -- l just don't 

know. There's also a tendency l've seen where the first 

shift guys slow things down so they don't have to deal with 

taking a piece down and making a new set UPi the second 

shift cornes in and goes even slower to avoid the sarne 

thîng." 

Both of these programmers worked for companies who had 

been using NC since the early sixties. Their obs~'vations 
suggest that a manufacturing techrlology's optimum 

utilisation is an ideal toward which management may strive 

without reaching because of the rnany sources of 

suboptimality built into the technique itself and into the 

broader sociotechnical sys~em. 

Conclusion 

The first aspect of my investigation of diffusion l 

should like to underline is the very limited way in ~hichi 

labour is a source of concern influencing adoption 

decisions. On the basis of labour process analysis one 

would have anticipated more cases of atternpts to use Ne 

machinery as part of a strategy ta reduce reliance upon the 

amount of skilled labour required in machining and 

metalworking, and least sorne explicit references to the need 
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to curtail the costs and power of skil~ed craftsrnen. What 

emerged, howev~r, was a concern for labour in a very 
~ 

restricted, technical manner. Thus, sorne firms turned ta Ne 

to solve problems arising from labour shortages in a period 

of rising demand for engineering products. Meeting the 

demand was just impossible using conventional,machi~ery 

because there was no pool of labour available to be 

recruited. Other companies found that conventiorral manual 

machining was just inadequate for the consistent manufacture 

of repeated batches of very precise, complex parts. The 
G 

complexity and precision involved required far too long to 

be crafted on conventional machinery. In addition, 

engineering products increasingly use expensive materials so 

that scrap rates associated with manual machining became 
a 

unacceptable. In other cases, the slow pace of convention al 

machining, and particularlY,the lengthy preparation of jigs 

and fixtures, setting up, and cross machine transfer of 

workpieces reduced the firm's ~bility ta respond to ra~dly 

changing markets and increased demands for shorter r~ad 

times. Contrary to the theories of Braverman, Noble, 

Shaiken and Wilkinson, then, l found that in aIl these 

instances conventional rnachining emerged as technically . 
inferior to NC rnachining and this factor, not considerations 
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of labour's bargaining position or control over 

process is the paramount con.sideration of managemen 

The second aspect of my investigation which l should 

like to'emphasize is that the adoption process'is a 

considerably more complex one than i~·depicted by Mansfield 

and other economic wri terE ~n diffusion. Overall, the 
-.......... , 

spread of NC technology in my ~p.~ was a "demand pull" 

phenomenon. That is, firms adoPted'~ in response to 

increases in the volume demanded, or a\ a means of 

responding to shifts in demand toward more sophisticated 

)engineering products (i.e. involving higher levels of 

precision, complexity and new materia1s), or as a means of 

obtaining particularly luc~tive contracts. Of course, the 
, 

precise nature of the factors associated with demand shifts, 

leading ta production problems requiriQg new technological . 

" solutions in the form of NC eguipment, varied in each branch 

of engineering",and metalworking. However, major problems 

were experienced in usini th~~ technology by a majority of 

~ companies (of different sizes and different brÇlhChe~ of 

~ng' production) and the pr~blems associ~ted with'NC 

technology did not substantially diminish until the. 1980s. 

Several informants pointed ta the less-than-optimal 

utilization of Ne equipment even thaugh their firms haô been 
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using it for a deeade or more. Adoption patterns of. 

d(iferent f irms also ranged fram a virtual blind "l,eap of 

faith N to carefully planned one-step-at-a-time ~doption. 

AlI of this suggests that diffusion is accompanied by less , 
than perfect information, less than best-practice 

application, and long term, persisting fnefficiencies and 

sub-optimal use. ~n particular, orthodox diffusion analysis 

seems to me to un~iifrestimate the widesp~ad existence of 

unrealistic expectations associated with
4
the initial 

adoption of new techno10gy, and the consequently long period 

of adjustment as "learning by using" (in both its embodied 

and disambodied forms) oceurs. And eve~then, what is 

learnt is not always swiftly applied or necessarily results 

in optimizing practice, as the last informant ci~ed 

indicated. 

1. 

2. 

Footnotes 

Unweighted scores, or mere counts of the number 
of times an item was mentioned, were used sinee 
the responses usually involved a single item. 
Weighting items for first or second mention did 
not alter the rank for the first four items but 
did produce slight variations in the tail end 
ranks. 

Landes' analysis of the new mass production industries 
emerging in the latter half of the nineteenth century 
suggested that repeatability has qeen an enduring in 
rnanufacturlng precision components for larg~ batchès 
of assembH~d products (1969, pp. 309"'-317). Rolt/s 
discussion of the"history of machine too1s also 
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emphasizes the inadequacies of traditionalchandicrafts 
techniques as an impetus ta the development of ~ 
industrial mechanization. 

3. A profiler is a kind of milling machirte used in 
the manufacture of airframe parts invol ving 
complex curves. 

4. Because of the original application of ne machining 
to aireraft components made of very tough high 
stress alloys, Ne machine tools were designed to 
operate with much lower speeds and feed ranges 

5. 

6. 

than conventional machines built for less recalcit­
rant metals. The difficulties of machining aircrafl 
industry metals are presen~éd in American Soèiety 
of Tool and Manufacturing ~gineers (1965), pp. 67-
97. 

Families of parts are par~s of similar geometric 
outline but diff~rent dim~nsions. Thus valves of 
identical shape o~ten co~e in a range of sizes 
ta accommodate di~ferent diameter pipes. In con­
ventional machining eâch part size required set­
ting up machines to each set of dimensiohs. In 
nc machining a programme establishing the basic 
geometry permits 'the input af a few key ~imen­
sians ta rapidly change the machining to produce 
different sizes of valve. 

J 

~lectro-discharge maahining is a process whereby 
~ electric spark is used ta exode or cut metal. 
The cutting tool is usually carbon and is made 
to the shape of the cavity required in the work­
piece. Both tool and work piece are immersed in 
a light lubricating oil which is a semiconductor 
of electricity. A direct'current of l~w voltage 
and high amperagè is fed to the carbon tool in 
high frequency pulses. The electrical energy 
pulses become sparks,which jump the gap between 
theo electrade and the workpiece. Intense heat is 
created in the area of the spark impact, the 
metal melts and a small particle of molten metal 
falls away frorn the workpiece. The lubricati~g < 

oil is continuously circulated to dissipate the 
heat caused by the sparks and to carry away the 
eroded metal particles. 
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Form grinding tools are grinding wheels made 
with special angles, radii, ridges, tapered and 
other contou~s. Since grinding is a process in­
volving heavy wear on the grinding wheel, such 
tools require constant checking with gauges and 
-dressing- or trueiqg the surfaces with diamond 
tools, again with the aid of special gauging 
devices requiring accurate setting up, ~tc. 
These special grinding wheels, then, are them­
selves expensive and involve heav-y maintenance 
costs. In addition because they are special tools 
they may spend long periods not being used. 

Carbide, more proper~y silicon carbide, is a 
synthetic abrasive originally developed as a 
substitute for industrial diamonds. It is used 
to make dies and cutting tools by mixing carbide 
powder with fine particles of tough metals such 
as tungsten. ~he mi~ture is then compressed 
un der high heat to form extremely hard blocks. 

9. A jig borer is a machine designed to bore holes 
with exceedingly high degrees of concentricity, 
roundness, and parallelisme These holes are a156 
bored with very high locational gccuracy. This 
was originally deve10ped for the manufacture of 
jigs and fixtures where accuracy of holes gui ding 

, drills and other tools, or the location and 
straightness of locating pins and matching holes 
were essential. 

10. Lapping is a technique for removing very small 
amounts of material from a surface in order to 
obtain'the most accuracy, flatness, and smoothest 
surface finish. Traditionally~~t was a manual 
process - a long, tedius but nighly skilled oper­
ation. However, lapping machines have been dev­
eloped, and these along with the 'evolution of 
more refined surface "grinding techniques have 
considerably reduced the amo4~t of lapping dane. 

11. Stelli te is an al1'Oy ,of tungsten, cobalt, carbon 
and chromium. It combines the qualities of remain­
rng very hard at high temperatures, and of corros­
ion and oxydisation resistence, also at high 
temperatures. Because of these qualities it is 
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used to coat ferrous metal items used in hot and 
corrosive environments. 

\ 

12. This observation suggests that the :image" of up-to-
date technological practices may be at least as important 
for sales as the purported gains in quality and efficicncy. 
See Harrison White (1961) for an interesting case study 
of the way in which and R & D department appeared to 
contribute more to the image than to the production of a 
small abrasives plant. There has been sorne questioning of 
the spread of precision engineering standards to sheet 
metal products. See PR~DUCTION MANAGEMENT (1985), 
pp. 54-57. 

f 
13. A beautiful example of the complexity of engineering 

materials handLing is presented in Abegglen and StaJkcl 
(1984) 1 Figure 5-2, p. 98. A useful discussion of the 
problems of rationalizing small batch engineering prodllcl 
ion is found in Blackburn, et. al. (1985), pp. 116-22. 

14. According to Abegglen and Stalker (1985), Japanese 
plants following Toyota's "kanban" (just-in-time) 
parts delivery system are more concerned with high 
worker utilization iather than with high machine 
utilization. It is possible that machine downtime i8 
simply the easiest or most accessible indicator of 
production inefficiencies. Other methods sueh as 
precise time-budgets of worker activities, or 
tracing the route of the various workpieces may )t 
be too difficult, costly, or disruptive to be of 
use. 

15. Because of the reduction in downtime and the longer 
periods of machining time of NC eguipment, tool wear 
daes emerge as significant problem in NC machining. 
Conseguently 1 my informants emphasized the importance 
of "inspection skills" as a key quality for NC machinists 
and opera tors who were responsible for monitoring 
the wear of cutting tools. On the issue of NC machining 
skills see below, Chapter 7. ~ 

16. At least this was the consensus of two NC consultants, 
the President of the computer manufacturing research 
company, and of engineering managers in the steel and 
automotive plants l spoke to. 

257 

) 



( 

17. 

18. 

19. 

20. 

21. 

Two or three managers did observe that Japanese 
and European solutions appeared to be rather 
différent from the North American method of "throw­
ing technology at every problem." Two who had visited 
Japan noted more extensive use of simple machines 
(explained by~Abegglen and Stalker as a means of 
maximising worker utilization by reducing nonprod­
uctive materials handling activities), while those 
who,had visited Europe observed the use of tools 
considered as obsolete in North America to produce 
sophisticated engineering products but fnvolving a 
much more highly skilled labour force. 

" 

Investrnent casting is a method of precision cast-
ing where a wax/or plastic model of the article 
to be cast is electroplated or covered with a 
heat hardening clay. When the outer shell is in 
place it is heated sa that the model melts away. 
The shell is carefully eut open ta provide the 
exact dimensions for a working casting die which 
will be fabricated from tough aluminium alloy or 
tool steel. 

Swaging is a)process of shaping metal bar or rad 
by feeding it under pressure into a series of dies 
which successively compress the metal into the 
required contours. 

A chucker is a type of lathe designed for mach­
in1ng large parts such as castings,)forgings, or 
blacks of bar or rod. These parts have to be 
hoisted onto the lathe and mounted into the chuck 
manually. This distinguishes the chucker from the 
bar machine which is a lathe designed for mach­
inin~ srnall parts. The rnaterial to be machined 
can be automatically fed through the lathe's 
mach.:j.!n\e spindle" which replaces the chuck. 

( 

Subcontracting tended to be viewed with distaste 
by the majority of managers in my sarnple (except 
by those from large firms), as a practice to be 
avoided if possible. Perhaps Lloyd-Jones (1986) 
observations on the way North American managers 
have reacted ta the Japanese just-in-time parts 
delivery system applies to subcontracting. "North 
Americans are used ta thinking that spreading 
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responsibility means losing responsibility. Managers 
are horrified by the thought of Japanese factories 
where each one of several hundred workers can 
shut down the 1ine to correct something. But'this 
spreading of responsibility seems to promote a 
spread of responsib1e people." 

22. Compound tolerances refer to a110wances of variat­
ion in dimensions in assemb1ies involving rotating 
components with axes in different planes. Gyroscop­
ic camera mounts require gear trains to provide 
accurate 360 degree movements in both horizental 
and vertical planes. 

) 

J 

259 



( 

) 
Chapter 7: NC Technology and Labour Skills 

.. 
In Chapter Two l discussed the labour process writers 

such as Braverman and his~successors who use NC technology 

as a prime example of the deskilling dynamic alleged to be 

inherent in industrial capitalism. Several problems were 

identified in these writings both in respect to the logic of 

their argument and with the evidence used to support the 

deskilling theory. The preceding chapter found that the 

evidence for deskilling and labour process control as 

motives in the adoption of NC technology was slight. Only a 

very small number of informants mentioned that their primary 

interest in first adopting NC machinery was to replace 

skilled machinists with less skilled machine operators. In 

most cases where NC,machinèry was used as a labour saving 
.. 

technology it l was done in a context of severe labour 

shortage and not in respon:~to problems in controlling the 

work activities of ShOPflO~ craftsmen. 

Ne machining was viewed fayourably as a replacemen 

conventional machining because of the technical limits 0 

the latter in relation to conternporary engineering product 

requirements and markets. Changes such as the increased 

complexity of shapes, refinement of tolerances, the use of 
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difficult to machine ma~erials, and the shift in market 

demands towards shorter lead times, were placing demands on 

engineering firms which were d~fficult to meet using 

conventional machining techniques (see Chapter 6.) '1 t 

is ironie that these edonomic and technical factors should 

be ignored by a neo-Marxist theory that claims to be 

economic· and Umaterialist·. 

It is possible, perhaps, that these findings merely 

reflect merely managerial illusions'or ideology. That is, 

my informants~were diplomatic or dising€nuous and that their 

class strategies were disguised by presenting thei.r actOions 

in a purely technological manner which transl~tes aIl 

labour-management issues into technical problems pertaining 

to machinery and equipment. With this possibility partly in 

mind, the second/part of my interview schedule was designed 

to probe labour aspects of the adoption and use of NC 

equipment. Questions were asked about each ~lant's labour 
• 1 

force, its turnover or ,stability; the effect of tbe recent 

recession upon company employment; the skill level of Ne 

workers and their recruitment and training; whether the .. 
adoption of Ne machine tools had caused labour reductions or 

redeployment to occur; anq in the case of unionised plants, 
, -10. 

whether there had been disp~tes with the union which focused 
1 
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specifically on the application and use of co~puterised 

technology in manufacturing. In this chapter l shall look 

at the skill level of nc workers (1), their training and 

deployment, and compare Ne machining skills with those 

involved in convention al machining. Secondly, the problem 

of labour shortages in engineerin~and metalworking will be 

examined. As well, l looked at ~n~gerial perspectives on 

'" labour skills, labour shortages and labour training. The 

evidence on these matters suggest that the labour process 
, )' 

theory that technological innovati~n is associated with 

labour deskilling and. the increase in the industrial reserve 

army, is false. The actions of the unions in relation to Ne 

technology will be dealt with in the next chapter. 

Skills and Training of NC Workers 

Table 1 (p. 263), presents information about the skill 

level of NC o'perators in relation ta branch of engineering 

and metalworking. 

In terms of the proportion of companies using skilled 
~ 

workers - i.e. toolmakers, all-round machinists, European-

trained tradesmen - mould and die shops, industrial 
. 

equipment and agriculture and lumber firrns stand out. As 

migh~ be expected in mould, and die shops, Ne machines are 
t 

l./ 
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Table 1: Skl~ls of Wor~ers Asslgned to NC bv Sector 

Number of Flrms No. of Flrms 0/6 of Flrms 

No. of ASSlgnlng Uns~111edl Asslgnlng s~1l1ed Asslgnlng Skliled 

Flrms in Seml-S~ll1ed Wor~ers Wor~ers to NC Wer~ers te NC 

Sector Sector to Ne Machlnery Machlnery Mac:hlnery 

Aerospace 15 1121 5 33% 

Electrlcal 8 4 4 50% 

Sheet Metal 6 4 2 337.-

J 

Hould and 
Ole 6 121 6 11210% 

Industrlal 
Eq,:upment 1121 1 9 91211.-

Pumps and 
~ 

Valves 5 3 
.., 40% .... 

Agrlculture 
and Lumb!t 4 1 3 75% 

Transport 
, Equipment 5* 

.., 3 601-
~ 

Total sq 25 34 

* Excludes automotlve plant lderlng but not yet uSlng NC. 
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merely one type of machine tool among the full range used by 

highly skilled alI-round machinists and toolmakers. This 

distinqtive tool and die shop pattern was described weIl by 

an informant quoted in the preceding chapter. In these 

shops workers would use NC machines among others as the job 

demanded. Further, while specifie personnel were designated 

programmers in these shops, programming skills were common 
o 

on the shop floor and were routinely used by the machinists 

and toolmakers. The same informant noted of his shop, MAs a 

job shop with small runs we can't divide people into . 

skilled, set up, operator classes of workers. ~ try to get 

people exposed to aIl the machines and aspects of diemaking. 

Everyone involved in Ne and other skilled operations has to 

know both cutting technology and programming. We have no Ne 
l ' 

operators as such ... Consequently our NC work is done by Ne, 

toolmakers not Ne operators. M 

In aIl the cases where edm machines were used to make 

dies, the diemakers running the machines were also 

responsible for the~r programming. Such cases were found in 

agriculture and lumber firms, aerospace, transportation and 

indus trial equipment plants as weIl as in the die and mould 

shops. In the largest die and mould shop, one specialising 
L 

in the manufacture of aluminium blow moulds for plastic 
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containers, programming was centralised as the 

responsibility of the shop foreman -- an ex-too!maker ~ith 
1 

Ne operating experience in a major electrical goods 

producer. Howev.er, he pointed out that ":rhe NC machinists 

(aIl experienced general machinists) have to check the 

programmes and know exactly what is going to go on. l work 

closely with them in developing programmes and l want 

feedback so that l can do better programming nex~ time.-

The pattern of "polyvalent" machinistst; abl,e to use· Ne 

as well as conventional machines was found in agricultural 

and lumber equipment firms, indus trial eguipment 

manufacturing plants, certain electrical goods companies, , 

and sorne aerospace firms. The elemen~ common to th~se firms 
\ t,. 
\ 

responsible for the ne manning pattern, is that their 

products are small batches of complex units eonsisting of 

man y subcom~onents which have to be carefully machined and 

fitted for problem-free assembly and funetionïng. In these 

cases skilled workers wJuld use NC machines, among others, 

as the job required. In several instances it was reported 

that, even though the men were skilled mac4inists, a further 

six months' to a year' s experi~nce was necess·ary before they 

were considered gualified Ne operators. This training 

period was neeessary in order to work with the diversity of 

J; 
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parts and parts programmes involved in ne product lines. 

For these companies, bateh sizes were'very srnall, and eaeh 

unit expensive, so that the maehining jobs varied 

continually and little leeway was possible for learning 

errors. 

In contrast, the die makers who were moved from 

conventional diemaking to Ne edm operations routinely took 

charge of aIl programming for the edm machines and were 

uniformly deseribed as having very ~hort basic training 

periods - usually less than a month before production was 

satisfa~torily un der way. The ease of transition was 

explained by one edm diemaker, Hln die making, Ne is like 

convention al machining in the sense that it ~s based on 

doing things ip logical sequence. Programming involv€s 

breaking down the process into a large nurnber of small, 

simple steps. You do tnat in convention al die making anyway 

- and the more complicated the die the smaller the steps and 

the more of them. In programming f0r edm and in process 

planning for an ordinary die yo~ take the blueprint apart 

and put it back together step by step.H This was echoed by 

the plant manager of another die shop. "The evolution to NC 

from tracer technology and then to Cne has been a natural 

progression and a smooth development./ Because of t~e 

CI 
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technology of diemaking - you , brea~o~n the die complex 'and 

build it up layer by layer - \. thl.S process lends i tsel f to 0 • 

digitizing and programming. 

Where the polyvalent manning of 'Ne machine. too~s 

occurred outside mould and die shops, parts programming was • 

usually an "office" function and only minor edi ting w,as 

allowed on the shbpfloor. This was generally justified as 

an efficient way to ensure tpat the part's engineering 
o 

specifications would be strictly adhered to, and any 
.,. 

variability of product arising from variations in manual 

skil~s avoided. In several instances t~is concern 

conflicted with the'obvious potential inefficiencies of the 

additional cornmunicati~ns and b~aks in 'machiriing occu~ring 
c 

when programmes had to be returned te. the programmer f?r 

alterations. Such problems were outlined at the end of the 

last chapter. Consequently various compro)tlis,~s developed to 

permit shopfloor editing on à routine basis. Thus ~at ~ 

factory producing elevators and industrïal conveyor 

machinery, "Quite a few of our machines, being'early models 

had j ust tape r~aders V{i thGut memory. " We have added memory 

capacity to all of them 50 that tape editing coul~ bè done 

at the rgachine. Tc facilitate this l very reluctantly put a 
<..~J (.1 ~..,. 

tape punching machine on the flooT - and it floats to 

. , 

, 
c 

1 
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whatever work station needing it (i.e. Ne machine where tape 

editing was ~equired). There was sorne dispute over this 
":;1 

practice with the Manufacturing Engineering Department, but 

we've developed a set of rules to ensure that t~ere's only 

one tape on the floor and all changes are clearly registered 

so that it's clear which ls the latest version." 

In other cases where skilled Ne operators worked, a 
... 

shift system operated to control parts programme editing. 

"First shift " machinists were the more experienced and 
. ' 

proofed and edited programmes or conferred with the 

programmer to effect programme chahges. These machinists 

also set up Ne machines to ensure that they could be worked 

on the succeeding shift without tape editing, complex part 
4 

!nspection or major tooling.changes so that the "second 

shift" machinists worked largely as loaders and unloaders 

who me~ely monitored the Ne equipment. Eisewhere this 

system often operate~ in a more informaI way, where trusted 

experienced workers were permitted to perform shopfloor 

programming, to act as lead hands and set up men for the 

less skilled workers on a "buddy system." In companies as 

diverse as a large custom perforated sheet metai fabricator, 

~ smaii precision machining shop, and a medium sized 

'aireraft jet engine repair shop, Ne programming was 
-) 
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described as a grey area in terms of managerial control over 

it. Where parts programming was simple it often occurred on 

the shop floori where it was complex, or involved expensive 

materials, or related to contracts with restricted scrap 

aliowances, it~as undertaken by company programmers away 

from the shop floor. 

Finally, in sorne larger companies using skilled 

machinists to opera te their Ne tools, illicit shop floor 

programming occurred. œhese companies included the steel -
company, two electricai products firms, and a major jet 

airera ft engine manufacturer, all using ex-machinists and 

toolmakers ~s programmers. In all these cases management 

expressed the firm belief in the need to control parts 

programming. As the steel company' s planner put it, "We see 

programming as a way of controlling productivity or intended 

output, and we've always insisted that programming be a 
~ . 

staff function. So our programmers are recruited from our 

machinists and toolmakers, but their position is defined as . -
sl<lpervisory- track." Similarly the programming department 

.~. 

head at an elèctricai products firm said, "Because of the 

complex engineering and critical tOlerances' involved ~ur 
, 

products we have always separated programming from 

rnanufacturing. A few senior machinists are ailowed to do a 

, 
1 , 
" 
'1' 

\ 

'\ ,\ 
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limited amount of editing, but most don't - things are too 

critical and we could 10se éontro1 of the operation. There 

are feed and speed overrides and these can be used to 

change these variables by any machinist to cope with uneven 

castings or problem mateiia1.· 

6 was fortunate in being ~e to speak to the 

pfogrammers in these four firms. According to them the best 
;1 • 

.. ~~ ./ 

shopfloor machinists find ways of ·getting into· the Ne 
1 

programmes precisely to alter parameters and sequences and 

not just feeds and speeds. No problems had arisen with this 

practice, to the programmers' know1edge. The programmers 

were in constant communication with these machinists every ... 

day so that much mutua1 exchange of knowledge occurred which 

probably reduced the risk of major ·crashes.· In aIl these 

cases the programmers argued that shopfloor feedback was 

very important in their preparation of parts programmes. n 

Although none of them admitted to showing NC machinists how 

to get into the machine control~' memory, they did point out 

that the more the machinist understood programming the 

easier it was for the programmers to work with him. 

·1 Consequently they often did explain aspects of the 

programming in arder to discuss particular problems in each 

parts programme at hand. It seems likely that, un der these 
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circumstances, managerial visions of "programme integrity· 

• are rather illusory. 

It is interesting to note that aerospace firms had the 

smallest proportion of companies in its sector operating nc 

machine tools with skilled personnel. This in a sector 

where refined tolerances, complex cbntours and recalcitrant 

materials as weil as a lot of small and medIum batch 

productions runs, _ customizing and prototype work are 

significant features of production. (Only two firms 

mentioned having single production runs of over ten thousand 
~ 

pieces. Both were small contractors. Most firms reported 

that standardized items were produced in small batches, as 

contractors needed them, often years apart in execution) . 

Production runs are the basic ~eatures of production. 

Because these conditions contributed great~y,to the early 

use of Ne in this sector it is possible that the low skill 

of nc machine opera tors reflects the process of deskilling 

l, ~ stemming from the widespread diffusion of this techno 

since the mid-sixties. A closer look at this sector, t en 
" 

is necessary. 

Tables 2, 3 and 4 (pp. 272-273') present my information 

on size of firm and Ne operatox skill, firm si~e and length 

of nc operator traini,ng, and the relatiOllship 
.. <$W' 
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Table 2: Sklll Level and Firm Slze ln Aerospace 

., 
Number of Firms Assigning 
Unsktlled/Semi-Skilled 

Flrm Size Workers to NC~achlnery 
Number of FIrms Asslgnlng 
Skliled Workers to NC 
Machines 

Smail 

Medium 

Large 
.J 

Firm Size 

*Small 

Medium 

Large 

,. 

" 

N 

7( 

4 

4 

"'" ... ' 
-:r ._, 

3 

4 

1 

1 

Table 3: Firm Slze and Length of Ne Operator 
'TraIning in ~erospace Companles 

TrainIng Perlod 

/ Up to ~ Months More Than 3 Months 

2 3 

1 3 
'1 

"< .... 1 

'" 
* No informatIon on thls from 2 small companles. 

• 

. 

1 

\, 
1 
1 

~ 

\. 
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-0 

Ne Operator 

Skill Level 

Uns"-llied 

Semi-Skliled ~ 

S~~ 1 Il ed * 

Iab~-i~ SkIll Level and Length of Training 
for Ne Operation ln Aerospace Flrms 

Tralnlng Period 

Up to 3 Months More Than 3 Months 

2 2 

3 3 

:::> 

r 

* No Information on traInIng ~eriod from 2 companles. 

'\ 

L. 
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between 'skill level and length of training in aerospace 

tirms. As can be seenJ there is considerable"diversity 

across aerospace firms in' terms of tnese associations. But 

small tirms try to get skiIIed mac,bin,ists to run NC .. 
equipment and nQne of these firms provide long periods of 

supervised on the job training for novice NC operators 

whatever their skill Ievel and experience. Even so, only 
\ -.~, .. 

one small subcontraétor,)specialising mainly in the 

fabrication of wing components, expressed satisfaction with 

its use of vocational high school and CEGEP graduates ,on Ne 

machine tools. However, it was stressed that the 

recruitme~t process was rigorous, including tests for 

mathematical abilities, and that the firm's core of 30%-40% 

o o~kiIIed, European-trained tradesmen included sorne very good 

instructors in on the job tr~ining. 

, Two other small subcontractor precision maqhining shops 
, 

expressed dissatisfaction with their use of semi-skiIIed and 

unskilled workers for Ne operations. The informants from 

these firms claimed that the shortage of skilled machin~sts 
, 

and experienced Ne operators made it very difficult for 

small companies who could not compete w~th the wage Ievels 

which attracted skilled and experienced workers to Iarger 
\, 

firms. A programmer-supervisor from one of these smaIIer 
, . 
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shops described his companies Ne workers as •... semi-skilled 

workers who don't know how the machine works. They just 

pr~ss the button and get the part.- He maintained that 

these operators are trained by • ... introducing t~em to the 

basic ideas and to specifie jobs on the machine for a period 

of two or three days by one of the experienced operators. 

( --
We have to get unskilled people and give them enough 

training to work on ne ... We don ',t have time to train 

properly. People are given two or three days with soleone 

working with them and then they are on their own. But this 

can be very dangerous. With the speeds and power of Ne 

machines crashes can be very serious, not just breaking 

cutters and workpieces but w~ole machines can come flying 

apart." 6 While no other small shop's situation seemed quite 

so desparate, this sense of improvising by using Ne 

operators wi th less than desirabie skill levels was stronger 

in this group than among larger firms. 

The latter more often operated with semi-skil~ed and 

unskilled Ne operators, using skilled workers as lead h~nds 

responsible for proofing ~nd editing parts programmes, 

ana inspecting the first part 

prôduced with a new programme. Only one of the four l?rge 

firms in this s ctor used skilled ne oper~tors. This was a 
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manufacturer of aireraft transmission and gear train 
t 

assemblies. These products involve the manufacture of many 

subcomponents which are assembled into larger, very complex 

units. Hence ~he range of items manufactured is ~ery great 

and the tolerance req~irements very precise (2). It was on 

these grounds that the manufacturing manager argued that 

skilled workr:.s were necessary for ~~ ~ operations. The 

t~aining time for these Ne workers was -three to four 

weeks.- In four sma~ler aerosp~ce shops where the diversity 

and prec;ision .of Ne- .ufactured parts was also great, but 

semi-skiiled operators - people who had some'specialised 

machining skills on one type of conventional machine tool 

only - were used. Their training period was estimated to be 

six to twelve months. 

" The other three larger aerospace companles appeared to 

opera te by manufacturing a ~estricted range of products and 

in making fina~ assemblies of airframes and jet engines. As 

weIl, these companies aIso engaged 'in prototype prod,:!ction 

anÇi.-;-~testing. Apart from the latter, however, the Ne product 

range was restrict,ed so that a, higher volume of continuous 

production predominated. Very small batch runs, and items 

requiring innurnerable subcornponents were sub-eontracted .to 

precision rnachining shops. This contraeting.arrangement 

\ 
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made it possible for the larger companies to operate Ne as a 

medium batch production, customizing, and occasional 

prototype development manufacturing process, while 

sub-contractors used their Ne equipment on smaller batch 

runs. For the former, it was easier to use semi-skill§d or 

unskilled workers under the direction of lead hands. For 
~ /-

/' the latter, ~ither skilled workers or semi-skilled or 

o 
) 

unskilled workers, usually with longer training periods than 

their large firm counterparts, were used on Ne equipment. 

These patterns of aerospace NC operator deployment 

neither strongly support nor clearly disconfirm the 

deskilling hypothesis. The latter requires time sequence 

'data-of a far more extensive kind than the retrospective 

information my informants were able to provide. However, in 

terms of that retrospective information, my informants in 

this sector indicated~that where labour cost or labour skill 

factors were involved in the course of Ne adoption 

decisions, the predominant problem was one of the shortage 

of skilled labour in the context of rising demand for '1 

airera ft and aircraft parts production, where a capital good" 

s~stitute for labour was available. Further, what emerges 

fr~my data is evidence that NC is not necessarily a 

technology with deskilling consequences, and that it i5 
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rarely applied in co~junction with a deskilling deployment 

strategy. Rather, the deployment patterns associated ~~th 

NC eqUi~ment in aerospace depends largely on batch sfz~ and 

uniformity of production runs; production characteristics 

which are, in turn, as~ociated with firm size and 

çontractual status in the aerospace market. 

Two other engineering and metalworking subgroups -

pumps and valves, and sheet metal - are characterised by a 

small proportion of firrns within each sector using skilled 

workers to operate NC equipment. Oné owner-manager of a 

Montreal sheet metal firm described shop floor work in his 

industry as mainly "grunt work,· involving very little skill 

development and avenues of mobility. Certain types of 

machines particularly press brakes for bending sheet 

metal -- were defined as requiring higher skill levels than 

ordinary punch presses. One steel products company had only 

one such NC machine. Its operator had been with the machine 

since its installation twelve yea~s' ago, and' was .. ' 

responsible' for parts programming and tape preparation. 

Much of his skill was required in,obtaining quality 

production with an aging machine. Interestingly, the 

machine was to be replaced by'a CNe model ?nd the same 

operator would continue, WO'f;'king on this one. 
~---

.." 

'" 

However, the 

r' 
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new machine was to be programmed directly from a 

microcomputer in the Engineering Office and the operator 

would be editing the parts programmes and not generating 

them. , This was the only sheet metal operation with 
1 .. 

shopfloor programming. But where sheet metal firms employed 

press brakes as weIl as punch presses - skilled opera tors 

were allocated to the former, while operators of the latter 

were designated as semi -skilled or unskilled. A'll but one 

of the sheet metal firms used the lead hand system whereby 

unskilled opera tors op~rated machines after they had been 

set up a~ the parts prog~pmme proofe~ by the lead hand p . 

The exception to the lead hand-operator system was a 

custom perforating ghop which employecl on1y experienced 
\ 

punch press operators who were, in the words of the shop 

supervisor "The best calibre people who can understand why 

the machine is doing the things it's doing, why the sequence 

is set up the way i t is, etc: ~ ~he shop produced customized 
- , 

perforated sheets in a variety of rnetals, fibres, and 

plastics, sorne of which were qui te expensive rnaterials in 

contra st to the common grades of machine steel ( "rnild 

". 
steel" ) used by most sheet metal firms. This firrn had 

, Q 

worked with the Whitney tool compaQY in the early seventies 

to design an Ne punch press for its specifie requïrementsi a 
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design which",Whitney subsequently put on the machine too~ 

market. In this instance production occurred in very small 

batche~, and included workowith expensive materials such as 

stainless steel, brass, and aluminium alloys. Here scrap 

and error was much more expensive th~n for other sheet metal 

firms producing larger runs in much cheaper machine steel 

sheet. My informant pointed out that the pressures on the 
-..; 

company to reduce scrap and impiove quality had increased as 

a result of" - ... customer demands; for example, equipment 

manufacturers like Caterpiller are facing~increased Japanese ~ 

c&mpeti tion which they are trying to respond to by quali ty 

control improvements. So our products have to be of higher 

quali ty and ~ our clients are les_s generous than they used to 

be in paying for waste in materials as part of their order.-

The manufacture of pumps and valves;rima~ily involves 

machining castings ta produce regUlarr{ight fitting, weIl 
t 

sealed mating surfaces '" accurately rotat-ing threaded faucet 

gr valve components, or tightly nesting pump pistons and 

cylinders. The work includes most of t'he 'Standard machining 
" 

operations ~ surface grinding, boring and threading, 

drilling-and tapping. However, for most industrial 

applica~ions mac~ining tolerances are not nearly so 

restricted and precise as those found in die making or 
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aerospadè precision rnachining. Batch sizes are also often 

~) 

quite large, and there ls relatively little custornizing 

work. The dimensions and contours of most pumps and'valves 

are determined by the dimensions of st?ndard industrial 

pro9ucts such as pipes and cylinders produced in very large 

quanti ties by steel firms.· 

Three of the five informants from pump and valvé firrns 

characterised their NC workers as unskilled or semi-skilled, 

all of them t~ained for a single'maphine doing a single 
- . 

, , 

operation sy.ch as grinding or boring." Trarning time was 
~ 

characterisèd as variable, depending upon the machine and 
. 

whether or not the tratnee had any shop background. All 

pump and valve firms used NC operators both with and without 

Sh0p backgrounds. As in sheet metal firms, the lead 

___ ~and/ope.rqtor division was strongly in evidence; in fact -, , 

used in all pump antl valve companies. But in only one firm 

• were the senior operators permitted to modify or edit part 
• ~ .. ( , ' v 'J 

programmes. While modifications to··the speed and feed of 
. 

cu~ting, ~rinding, etc. is essential to deal with the 

va~iable\' qualities of castings (thic~ness, density, 

"\ '""' hardnessp, in' ~wo firrns even these modifications diâ 
,/, 1 • • 

6ccur'wi~hout the 'supervision of the lead hand in one 
1 
1 

and the Ne programmer in the other case. 
! ' 
l, . 
1 
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Two pump anq vjl.l ve firms characterised their NC labour 
.1 

force as primarj.ly skilled workers. Ohe was a medium-sized 

branch plant of a European maker of an.~normous variety of 

industrial valves, including specialty items fdr aerosp~ce, 

medical and pharmaceutical, and the nuclear industries. The 
r 

other plant made smaller, precision valves also for 

aerospace and medical applications. In both cases expensive 

and difficuJt ta machine substances were worked on with 

higher than normal pr~ision ;requirements, which in turn 

required more experienced machinists. In the case of the 

larger company, the sheer variety of ~alves as'well as él 

.. 
large range of specialty items rarely allowed an nc operator 

~ to settle down to routine production of medium 'ter large 
r---

batches. Apart from these two cases, Ne operators in this 

sector tended to be the least skilled in the entire sample, 

in terms of length of training and amount of involvement in 

programming. 

Variations in NC operator in relation to 

firm size and date of first Ne acquisition, are summarized 

in Tables 5 and 6 (pp. 283-284). 

there reflect the 
<, 

erns displayed/ 

branches of 

engineering and metalworking in affecting skill deploymery,t 
(-

patterns. Thus sheet metal and pump and valve firms are 
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Table 5: Firm Size and Ne èperator Skill 
Level for Whol e Samp le * 1, 

Firm Siz. Unskilled/Semi-Skil1ed Ski lIed 

Large 4 

Medium 7 * 
Small 

* The vagueness of 11 r~sponses on Ne 
permi t c:ategor 1:Z at i on of the ent 1re 
was exploring Ne technology and was 
mannlng arrangements. 

• 

283 ' 

12 

13 

11 

operators' Sklll s di d not 
sample. One other plant 
not yet dec i ded about 

{ 

\ 



o 

First Installation 

cl 
Date N 

Pre-1974 37 

1975-1980 17 

1981 onward *5 

Tabl e 6: Sk i 11 Level and D"te of 
First Installation 

Ne Operator Sk1ll Level 

Unskilled/Semi-Skilled Sid Il ed 

13 21 (56ï. ) 

4 8 (49ï. ) 

1 4 (80ï. ) 

* One firm has not yet installed Ne but lS c:ons1derlng it. 

, 

• r-/ 
/ 

/ 
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mostly medium sized and so contribute to the small 

proportion df medium-sized firms using skilled opera tors on 

Ne equipment in comparison with large and small firms. Die 
• 

mould firms eontribute ta both the relatively high, 

of smaller firms using skilled workers on NC 
o 

to thè four out of five post-1981 NC adopters 

Similarly, most agricultural equipment, lumber 

and electrie products firms are lar~e and u~e 

skil e~peratQ for ne work and so contribute to the 

grea~r rop rtion of large firms operâting with this 

dep~ en proportion of aerospace firms' in the 
~ 

pre- 74 N group contributes to the lower 

proportion of tnese firms using skilled NC opera tors as 

compared wit~ post -1974 users. 

Ne Operator Skills 

" Conventional machining skills involve the ability to 
, 

set up, operate and perform basic maintenance on a stanqard 
. . machine tool such as a lathe or m111; to per(orm_manual or 

Hbench operations" such as -file finishing, laying out wi th 

scribes and punches the lines and points indicating 'where 

the m+ta~ is to be machined, etc. Setting up a machine to 
j , 

operate on a workpiece requir~s the analysis of blueprints 
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and ,he ability to translat&their twa dimensional 
'\ 

presentation ·'into a s~quence of machining operations u~'ng 

the' appropriate cutting tools pet to the correct angle; a 
1 

knowledge of the, machining q~alities of various metals in 
-

order to establish the appropriate~speeds' and feeds and tool . 
~cutter cohtours to produce the appropriate surface finish; 

., -
an a!11ity to use accu~ate measurtng. gauges suèh as verniers 

Î 

and micrometers and the ability to perform arithmetical and 

geometrical calculations in the course of'setting up and 

machining;, and finally an under~anding of tOle;a"es - the 

margins of variations' permissible. 9i~ the dimensions and 

shape of a given part". " 

" The more skilled the mac~inist the greater the number , 

of machine toofs, metals and diverse macnining op~ta~ions 

(in terms o~ shape~ complexity, level of tolerances,etc.) he 
, ~ 

is capable of warking with. Toolmakers, the highest skill, 

level ip the machini~t trade, are general machinists, able 

ta work with aIl major types of machin~ tools, capable of 

designing and making cutting tools, and jigs and,fixtures J 

for special types of ~~Ch~ing jobs, qnd oapable of setting 

up and machining to hig~r levels of precision and 

complexity. The consensus:-am6ng my r~spondeQt~ was that 

four- té five years' general experience on a diversity of 
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f" , 'c tools and machiri1ng jobs coûld malœ a good machini~t from' a 
C> • 

high school or CEGEP/CAT graduate with t~o years' ed~qation , . ~ 

.in metal working and shop mathematics. The best of these 

good machinists would need at least another t~n years 

exp~rience of preci~ion machining of'great variety, along 

with close contac~ wit f * t' . \ . d t anu ac ur1ng eng1neers, 1n or er 0 

become a toolmaker. 

Thère was considerable uivocation and unc7rtainty 

" among my informants when 

skil! required for NC as 

Table 7 (p. 288) presents 

as necessary for 

the combi~ion 

of conventional 

the degree that they 

doesn:t reqùire good 
1 

inspection skills; 

who'll be with the 

to specify the'differenees in 

d to conventional machining. 

most often identified 

Most inforrnants argued that 

and manual skills characteristic 

were no long 

in conventio 

., 
required in Ne to 

, j'NC 

people wi th good 

and a~ntive, 

and not wander off 

or day dream. ncÇ operators have to size up situations very ,. 
quickly and Chey often have to make very fast inspections ' 

,ft and measurernents between machining' sequenies to ensure the 

prog?arnme is working, " according to a programmer in an 

aercspace precision .machine shop. , 

~87 

( 1 

.. 

r 

/ 



• 0 

----J 

!\) 
CD 
0) 

.. 

" 

o 

\ 

, , 

/' 

1../ 

-• 

1. 

,., 
"-. 

~ 
3. 

4. 

.. 

.., 

-.-

( 
, , . 

Iable..z: Sk~ls~~~re~of~~~~at~a* 

Skills Number 
'-'\ .# ~ 

Understand ~achining so~nds and sequences in 
order to anticipate or to identif0problems swiftly.' 

:'1 

To be ,responsible, consc~entious, attentive~ alert. 
Able to use inspection equipment and gauges. 

Have an eye fbr surface
1
finishes. 

. , 
~o be able tp judge~cutting tool~wear. 
To have mathematical ability. J 

-

• 

5. To know enough machining to be able to adjust cutting 
~ 

tools~td compensate for wear~ 
') 

6. To know feeds and speeds, set-up, and how te change 
tools. 

-r JI 

7. Te ~~mderstan~ prëgra~mi,.ng. 

B. To understand principles involved 1n tolerances. 

... 

t ,/ 
(' 

"r .... ~". 
.. -

of Mentions 

17 

9' 
9 

8 

-5 
5 

4 
• 

3 

2 

1 

~' 

* Respondents from 3~ plants provlded clear enough responses 
to be ca~goriz~ed as in Table 7.. 1 
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In the oourse of these descriptions of NC 

conve(fional Ïnachinin~ sk~lls wer~, me~tioned é!-; 1\ kihd of 

monitoring or ~ackup facility. That is, Ne opera~ors' 
manual mach~n'ing skl11s w.ere.· important in kno~ng ~hen th~ 
programming sequence·was not going correctly, at which point 

\ 

'. 

the operato: ~ses(the manual ovevride to stop the ~aChining 
\ ' ~ "\ 

sequence. This was nièely put by'the ma~f?cturing manager 

of a railroad braking equipment manufiictureJ:\. "It' s hard to 
• 

pinpoipt âny ~pecia~~araoteristics (of Ne opèrators). 

They have to show an interest in new technology, have 
. 

certa~n intelligence, and asic shop abilities. But tbey're 

not necessarily good machinists bec,ause you have to unlearn 
~ 

sOrne machinist ways of ~oing a d thinking to become a 'g~od 

NC operator. But machining eXPfflence is /usually an a~set 
~ 

because -you -have to -tknow what is happening in the machi.rüng 
.-

s~9uence ~nd spot wn,ere things are likely to go wrong or may 

be slightly off before they actually go badly ast"ray. It' s 

" a matter of machinist's knowledge being a plus in preventing 
/ 

crashes rather than positively helping when things are going 
• <> 

normally. H 

Whilè many firms used the mO~killed machinists' th~y 
could obtain tq operate their Ne machine tools, others were 

doubtful that~it was really necessary even as a crash 

< 
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pre~entian measure. i In one pr~cision machine shap, "We can 

take peoplê off the street. Often'they worf out better than 

experienced machinists at nc. But th~y have to have a 

certaip sensitivity. They have t? get to know the ri~~ 

sound and appearahce of machining goinq right, and they have 
/' ' .. 

, 

J 

\. 

fa have an eye for·surface finish." Thus firms reported 

that while they used people with conventi9nal machining 
p 

ex~erience on Ne equipment, these were not the "mast" 

skilleq," or the "very beS't," or not' "all r'und" machinists: 
, 

The clearest characterizatian of Ne machining in 

contra st to conventional machining came from the engineering 
'. ~ 

supervisor at a major jet engine plant in Montreal. "The 

major problem with Ne is that it takes the art away f~ 
metal cutting. M~tal~cutting is both ,;fcience and art 4 It' s 

an art because no two pieces of metal are identical - the y 

may have been made of the same alloy and poured from the 

same ladle, into "identlcal}' moulds or forged into stock of 

identical nominal dimensions. But there are always 
~ 

microscopie molecular differences. which can show up in, 

màchining. That's where the m~ster machinist can show his . , 
stuff by compensating for slight differences te produce the 

\ 

same piece over and over again, with the same sizes and 
{;'1 

surface finisp. In Ne machining an identical programme runs 
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the. machine through the same set of cutting operations for 

" e~eryTpiece. This c~n me~n that you can g~t inéxplicab~ 

events ~. failurei to meet tolerance&, sub-standard ~inl~hes, 

distortions, etc. that just~houldn't be there.' The, 
\J 

progr~mme-is, right, the maG~~~ is fine, ,the operator has 

done his job, 'but the result are still ~ubstandard, and nG \ 
one c~n figure o~t ~hY." ~ 

, --

While this informant, alo~g with many others, was able 

.to.describe clearly the skills involved in convent~onal 
\ , ~ 

macîlining,' the skill contant' of Ne machin~ ooperatin'g 

remained unc~ear. The operations manager of a printing 

machinery plant (brought in to return the brahch to hi9he~ 

'profit ~ev~ls and scathingly'criti~l of the recent ' 
. \ 

manàgerial decisions, including the way Ne equipment had , . 
, . 
been adopted and d~ployed) expre'ssed sorne very firm ideas 

about .what Charact~~istiCS an Ne ope~ator should' have. "You 

'hav~ to have someone wi~ the full deck·of smarts, 

J 1 p.referably . an .e~pèrienced machinist "or set up man. BuT. you 

J can traiQ- wor);5ers from Macdonalds, at least ,for three axis 

or less machi~ing. "In any case you can't nickel and'dime 

~he train~ng of Ne ~perators ... There is no way tO,save IDoney 

on i;his point. Also you can't use foremen as trainers , " 

because this takes th~m from their ,other responsibilities ... 
" 
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There i5 no middle ground ... NC machine tool operators have , 
to have the right attitude ,because wit~ NC machinfng higher 

quality and .higher vplumes of production are at stake" whi~h 

means breakdowns cost'more. So you need people who are 
, 

alert and know what they are doing, who h.ave a sense of 

responsibility. The~ need basic mathematical aptitudes to 

understand cut1;:ing geometry, understand feeds and speed's 1 

and tolerance and finish relàtlonships. They should have 

sorne iIfspectlon measuring skills as part of this knowledge 

but this is minor if you have programme integrlty 'and 
t 

adequate machine maintenance. They don' t neeà t9 know 

anything abêut programming." 
.... 

In this d~scription the knowlédge of machining -

cui;.ting geornetry 1 feeds, 1 etc. '- is not requi:ted in erder te 
. 

undertake aI)y machining i tself 1 but in order ,-to be alert for 

signs of trouble in the machining parts programme. In this 
". 

way NC technology introduces into machine operating the 
.. stochastic qualities of work cha~cteristic of oil and 

chemica1 and nuclear power plants. Th~t is, there are long . 
periods of rout"ine 'activity and" occasio~al, though 

'. 
unpredictable and usua1ly brief, periods of very intense 

activity wh~ sornething goes wrong (Blauner, 196~, pp. 
-

132-~36). ~his aspect was clearl~ expressed by the 
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"' productipn lJIanager at a laOrge valve and pump firm. HThe 
F 

'<' • r' ...... 

person on an NC machine is ,~ot j~st a puppet. ,nc increases-
i a 

th~ numb~ of t~olsl operated in a single machining sequence 
\ 

so too! quality' detection' is extreme~y important. It needs 

a hrghly conscientious, atte~tive worker with open ~yes, " 
) , 

--Sharp ears, a quick mind'and reaction and sure movements. 

nc tools-are machines without mercy - if anything~s slightly . 
. 

off i twill produce a mouIttain of scrap." 

Where reference was made to the deployment of skilled 
, 

machinists to~man Ne machines, it-was ofte~_qualified by 

suggest~ng that such machinists were a sedond echelon grouR, 

rather than a~ tpe very top skill level. This was brought 

out when one informant describedo ~he' Iearning experience hi s' 

company went t~!ough in matching sk~lI Iev~s and NC 

operations. "'~~ major probiem with Ne was in believing the ~ 
vendor' s claims tha,t is was a push button technology. This 

, 
created false expectations that we could use unskiIIed , 

workers but this just didn't work out. Then we went the 
1 , 

other way and put on expert machinists. But they didn't 

feel involved enough in the actual rnachining processes~ 
- ' ' 

/ 

Ultirnately we~ found that Ne' often does best with. people who 

have sorne rnachining 

have a large sense 

skills bu~ot the best. 

of responsib~ity to~aros 
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Another company alsq went through a variant of this process. 

o , " 

"At fiFst: we picked~ the best aIl round machipists because 
o 

the equipment was being used for the most complicated j'obs' 

and it was"expensive so wè wanted it maintaine~ ~roperly. 
" 

But we found general machinists found the work too easy once 

they pi?ked .. it up an.d they didn 't want to be stuck with just 
" ..... 0 • rj 

4ne m~chine .. Over the years we've meved over to using -these . \,. - .. -
" 

me~as set up,~. ape pr09fing, and rn~inten~nce people, anQ 

kept them happy y moving them around to different machines 
. . . * 

for variety. " e NC machines, once ,they' re set up and 

running satisfactiorily are Qperated by machinist operators 
• 

. with ~ess experience. Usually they've just been trained, for 
1 

one type of machining Gn~y." 
. 

~I have quoted a couple of inforrnants who referred to 

the "unlearning" 0 w.hi~h· was rectui.Jred .of convention al , -
machinists when they became NC operators. Pa~t of this 

;( 1 

unièarning consisted of~a9apt~ng to the higher speeds anq 
, 

heavierocuts NC rnachinery makes.' A programmer at a pump and 

valve plant cornmented, "I afind that people used to 

conventional machining with manual controls can ~et \c~red 
/ " . 

" 1 

by the 0 and heavy cuts'the larger nC'equipment terates speed 

with. Sorne of the best people, in terms of rnaking the 
~ .. ~, 

swi tch from conventional tO'" NC equipment are ones who' ve 
\ .. 
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worked with automatic machinery, unloading and loading it. 

Automatic machinery is usually fast and heavy in its action 

just like nc, so people who've worked with it aren't so 

scared of nc's action." Another informant suggested that 

td'rfs probably affected aIl levels of shopfloor personnel. 

"Wi th the in~duction of .NC for the first time, i t' s very 

!lard to get management, unless they' re engineers 1 foremen 

and opera tors to break with conventional machining habits 

and ways of thinking. ManagernenJ- doesn 't understand Ne' s 

impact on capital accounting ... Forernen and operatives are 

used ta cuts and chip qualities of conventional machine 

taols, and find the heavy cutting producing red hot giant 

chips terrifying. It i5 very hard to get used ta, and it 

'leads ta dialing down speed and feeds on Ne tools so that 

they cut like conventional tools.-

Informgnts from companies, who reported using the best 

maphinists for Ne operators, usually specified their jobs as 

tn~ltlding ~etting up the machine prior to operation, . .-f 
inspection of tools, adjusting ''!!ool-~ for wear, proofing and 

editing tapes, and inspecting the first part produced with a 

new parts programme. Such activities t ap~e from proofing 

and editing are, of course, identical in convefitional or NC 

machining. 
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--'That the 'Ne ski11 component, apart from programming" 

proofing or edi ting 1 is 1argely monitoring ls aiso suggested 

by two other themes in my informant~, discussions of Ne 
Il 

skills. First, many informants referred to the need for 

mathematical and conceptua1 ski11s. This was most 

posi tive1y affirmed at a jet engine fabrication and repair 

shop.. According to its supervisor of engineering their Ne 

opera tors " ... n"êed ~o have ratner different ski11s frorn 

convention al machiQists. They ne~d higher education 

concerning engineering princip1es, they have to be smarler ... 
~ 

in the head rather than smarter in the hands. This means 

that NC operators have a different set of ski11s not lesser 

ski115." However, ~C opera tors at this plant were 

characterised as semi-skilled i their machining 5ki115 were 

tied to one machine, rather than being aIl round ski115 i 

apart from k:nowing how to proof the parts programmes 1 they 

- were not permi tted to al ter speeds and feeds or undertake 

any programme a1terations. Thé operator' 5 know1edge of 

too1ing, meta11urgy, and machining dynamics were he1d to be 

important so that they cou1d identify and report problems 

c1early back to the programmer. This therne of knowledgeable 
ç 

watching - "they have to know what the v. d. t. means in 

machining terms, " nthey have to understand what's going on 
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- '--at the cutting point," "they have to understand what the 

control settings mean for .the machining process" - was the 

predominant response to questions asking for 

characterization of the specifie skills and abilities 

required of Ne operators. 

What emerged from these responses was a picture @f Ne 

operation (as opposed to programming) as fundamentally a 

monitoring and loading job. This is supported by a second 

theme in these responses -- the degeneration of conventional 

machining skills among machinists who specialise in Ne 

machining. The ~teel plant shop foreman noted this problem. 

"We realisèd that·.NC ~s not ev~rything and that it had its 
,~ 

own problems. Because the machines are smart, they 

duplicate human skills. You can have a deterioration of 

human ski Ils in the shop so that if you have a special job 

requiring work on convention al machinery it won't be as high 

1 qua lit y as \t should be. So we try to keep people rotating 
>, 

( 

between Ne and conventional machines, and also try not to 

use the Ne machines where conventional machines do the job." 

A machine shop supervisor at a flight simulator 
o 

manufacturing plant suggested that this was especially a 

problem wi th average rather than the best machinists. "A 

fine conventional machinist o~erator will turn out to be a 
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fine NC operator. But sometimes a not so good conventional 

,machi~e operator will turn 

'operat~ut if you took 

out to be a very good NC 

that NC operator and put him back 

on conventional machining, he will have lost what 

conventional machining ability he ~ad." , 

AlI of the prograrnrners with rnachining experience, and 

the few NC machinists with conventional machining ? ' 

backgrounds l did manage to interview, agreed that NC 

machining was simpler and that, unless you were allowed to 

program and enjoyed it, was less interesting and involvi~g 

than conventional machining. As one who had been promoted 

to prd'Cess planning pointed out, "Conventional machining is 

more satisfying because you control not just the feeds and 

speeds but the Sequences and techniques used." An~ 

ex-toolmaker, now manufacturing director in a precision 

machine shop, was even more pointed in his cornments ,on the 

technology which he claimed he had boosted in the early days 

of his tenure with his firm. "Ne technology relies very 

heavily on process,planning which is the area of technical 

management's responsibility. And the u~~ of N~ shows 

up any shortcomings an~ ignorance in-the Rffice; you can't 

blame the poor bugger on the floor, he doesn't know whât's 

going on with this machining technique. -Th~ NÇ operator is 
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a captive to the machine, paid for the responsibility of 

watching over an expensive màchine. 
, \ 

He doesn t really have 

to know about feeds and speeds, although he does have to 

know the tools, their'cutting characteristics, chip quality, 

sounds, and b~ able to judg~, the appearance of the cut and 

surface finish. But it's really a watcher's job - it needs 

alertness, basic intelligence, not the old craft skills of 

the conventional machinist or toolmaker." Of course, this 

and ~e other ex-machinist comments on Ne opera tors were 

made by very skilled and upwardly mobile individuals who 

might be overemphasizing the gap between Ne and conventlonal 

machining skills. 
, 

In those instances where Ne oper?tions were clearly , 

"push but ton .. l'apPlications, ~anagement judgements of Ne \ -

operator skills were unequivocal. As a pu~p and valve ~ 
firm' s manufacturing engineering manager put it, "Ne W'\9rkers 

\ 
aré no different from other workers in the sense that ~hey 

don't really have to have any special skills br aptitudes. 

We have operators of Ne equipment with both machining 

background and no background at aIl; a couple are just guys 

straight off the street. Our Ne operations are almost 

entirely loading and unloading. The operators have to 

inspect thd parts so they have to be able tQ use gauges and 
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.. 
do the bj'iC math involved in that kind of measurement. We 

do have a couple of guys who can work any machine in' the 

shop. We also have some more who can only work NC and can't 

use conventional equipment at all." 

Sheet metal firms were very clearly cases where 

operator ~kills, whether on conventional or NC presses were 

not very extensive. Two owner-managers statements indicate 

this situ~tion very clearly. The first, comrnenting on~the 

labour force in sheet metal generally said, .. This is an area 

where jobs are 'grunt jobs,' so we get people with less than 

high school graduation. You can't move up beyond lead hand 

in most srnall firms ,- and in sheet metal rnost are srnall. 80 

we have problems in getting all types of labour. It' s very 

hard getting people with skills, training à.'nd motivati0rl: to 

work and stay with the company. People are rnuch more for 

themselves and not interested@>in working for the company." 

The owner-manager of~a much larger firrn, reported to 

be among the technical leaders ambng sheet rnetal plants in ' 

Montreal, characterised his experience with obtaining and 

training NC operators as follows, "We have no great 

. difficulty in training Ne opera tors. Basi'cally we take guys 

out of school or off the street and work with them, showing 
, 

them how to l~ad-programmes; load the stocK, work the CRT 
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(cathode ray tube) display, etc. It's ma~nly a case of 
,-

showing them the right buttons ta push at the right moment 

in the product~on movement. It's best to take young guys 
Q / 

from the street and teâch them how té push the buttons. You 

don' t want people who are too educated or too intelligent 

because they won't stay with the job. But they have to be 
'>-

responsible because it easy to do damage and produce a lot 
y 

of scrap in a short time, so they have to pay attention." 

Labour Force Skill Training 
, 

During the course of discussing the labour aspects of 

ne technology many informants spoke of labour shortages and 

leurrent problems with skill training arrangements. 
~ , . 

Informants. from 33 companies (55% of my sample) -mentioned 
, -

that they were currently experiencing labour shortages. 

Seyen larger companies pointed out that any labour shortages 

experienced in the pa st had been "sol ved" for the 

foreseeable future by the recession and lower market growth 

rate of the eighties. Two informants from these companies, 

however, foresaw difficulties at sorne point when significant 

numbers of their current skill -complement reached retirement 

,,\ 
'. 

Table 8 (p. 302) presents these responses in terms' of 
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Tabl e 8: Fi rm Si ze and S~~lll ed Labour Shor.:Jage.§. 

Flrffi Sl ze N No. of Fi rms Report l ng Labour Short ages 

0 
In the Past CLlrrently 

, 
~iV"ge 16 1 7 

MediLlm 23 2 9 
t 

8mall 21 2 17 

.)1) 

-) 

o 
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current and past labour shortages and firm size. It clearly 
/, 

shows'that labour shorta~es increase greatly the smaller the 
, 

size of the firme Small firm managers were acutely aware of , 
• 

their predicament. According to the production manager of a 

small precision machine shop whose labour force was 

primarily made up of recent Portuguese immigrants, "We are a 

small company and don't pay top wages. So we lose people or 

are not applied to by the best workers in the field." The 

inability of smaller firms to ~ither attract workers or to 

" retain them for long was a cornrnon complaint. Thus the 

owner-manager ot a small precision machine shop doing 
\ 

\ 
largely aerospa e subcontracting, "It's hard to get aIl 

categories of la our .. No one seems willing' to take 

unskilled -jobs. he government makes it too easy t? stay on 

The semi-skilled and skilled people we ' 

" train te do a varie~y of machining, and as soon as they 
\ 

think they know something they leave." This and the . 

comments of the owner-manager of the sheet metal firm on the-

selfishness of contemporary workers are typical of the 

outlook of owner managers of small enterprises 1 

interviewed. 

Non-owning management in small firms, and larger flrm 

management, however, attributed labour shortages to other 
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factors. Manpower training was viewed as a signif~~ 

problem by Quebec respondents but not so by those in 

Ontario. Several of the'former pointed to a combination of 

historical and political factors which h~ve contributed to 

this. According to a printing machinery plant manager, 

"Personnel and skill problems are persistent in QL!~Qec for 

two reasons. One is the very low levels of education of the 

"population. It is slowly improving with the C.E.G.E.P. 

system but it's still way below the general levels of 

shopfloor personnel in the Midwest let alone the U.K., 

Switzerland and Germany. This is reinforced by language 

barriers. Engineering is English lahguage dominated - we're ....--
so close to the U.S. this would be the case anyway. The 

language laws impose costs not borne by anyone else in North ... , 

America." (3) 

The English educated NC departmeI)t director at~J large 

?atellite communications firm saw the\majOr labour'~~lem 
for his firm as the "terrib}e provincial shortage of skilled 

, machinists, taol designers and prograrnmers." Three 

informq?~~,with experience in the united States 
. '--.----

characterised on the job training by Canadian companies as 

1 inferior to that of the United states. There was wholesale 
c ' 

"'" unanimity that no training pro~amme in the province matched 
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those producing EuropeaK tradesmen. Experiences with 

L C.E.G."'E.P. studen,ts appeared to II'\ore negatively viewed than . 
experiences with C.A.T. student~ih~Qntario firms, although 

no ~ne seemed able to explaip exactly w~ere the problems 

lay. 

Tables 9 and 10 (pp. 306-307) present the rank order of 

skilled labour group shortages and the rank order ef 

engineering and metalworking sectors reporting shortages. ~ 
\ . 

EVe~hough my interviews focused on NC t~chnOlogy and its 

labour implications, the overwhelming·labpur shprtage 
~ l J ' .. 

perceiyed by management was that of,skilled conventional 

m~inists. AlI of the NC related categories together 
\ 

(programmer, NC operator, Ne maint~nance) were mentioned 
t 

only half as much as the need for machinists.. Ovèrall ,., , 

non-ne related skilled l~was men~ed far more than Ne 

related skill problems. (This 'patt~rn sugges-ts (tpat NC / 
), ~ 

technology is not currently eithe~ a skill dema~~ generator 

, or ~ skill displacing technology. The wea~effects of Ne 

technology o~ the demand for ski Ils is fur~her evident in 
~ 

t~e sectoral pattern of ~anpow~r shortages. T~ose sectors 

usi~g high level tradesmen -- rnould and die~-and agricUlture 
~ 

and lurnber equip~ent firms -- uniforrnly experience shortages 

of ~ese skills. Sectors charaèterised by small firrns with • ~ , 
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Ski 11 Type t' 

~ . 
Ski lIed Machinists 

, \ 
NC Programmers .. 

, 
Ski lIed Labour in General 

1001 and Diemakers . . '-
Maintenanc@ Men for Conventional Equîpment 

1 

E~perienceé NC Operators 

Nt Màchine Maintènance 

J Press Brake Operatbrs 

Weiders 

'Tooi . De,si-gntrs 

\ 

,306 t 

No of 

1 
\.\. 

, 

Mentions 

19 

4 

3 

3 

3 

3 

2 

2 

1 

1 

J 
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Tabl e 10: Rank Ord~ of Current SkilJ Shortage by-Sector 

1 

..... 
Firms.Reporting Total in Percentage of Firms Sector Short ages Each Séctor With Shortages 

Mould and Die 6 6 100/. 

Agriculture' and <::l . \ 
Lumber 4 ,( 4 100% r-. '-..l • 

0 
Aerospace .. 9 15 60/. -..J . 
Pumps and 'Valves ~ 3 5 60/. 

Sheet Metal 3 6 50% 

Industr1 al Equipment 4 10 1 ~0% 
~ 

Electrical ... ----- 3 8 37.5% 

Transpor;-tation 1 6 17'X. , , 
.. 
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lower pay scales such as aerospace, pumps and valv~s, and . 
sheet metal'also have a high proportion of firm~ 

experiencing labour shortages. Sectors characterised by 

lar~e!r firms paying higher wages and u,~ing smaller 

proportions of skilled labour in conjunction with 
, 

semi-skilled operative, experience less intense fevels of~ 

skill shortage. 
\ . 

• l ~ 

Engineering and metalworking is character1sed by 
~ , ( 

quite intense business cycle fluctuations, org~?izational 
Co 

instability <,4) ,:and variable -levels of employment. Seyeral 
0', 

informants noted these as factors which.made skill shortages 

inevi table.....in their industry. The railroad freight car .. 
project manager argued, "Any difficulties in labour supply 

. \ 

i~ related to\the boom and bust nature of this industry. 

Everythingbelse is incidental. When times ale good everyone 

in Hamilton is looking for experienced workers. When times 

are bad you '~êtan' t keep- '9veryone on and we lose good people. 

'" SO shortages are j ust part of the cycle." However 1 most of . ~ 

the larger companies who mentioned significant layoffs of 

their skilled workers between 1982 and ~984, also' sa id that 

many of these had either been recalled or were maintained on 

waiting lists should the company expand the labour force. 

The small and medium firms were not able.to do this - for 
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them, the loss of experienced workers was permanent, and 

replàcements at an equivalent level largely a matter of 

luck. 

~~ Despite the unsatisfactory nature of skilled labour 

supply, less than a quarter of my sample (14 firms or 23% of, 

the total) were operating any formaI training programme. 

This ls shBwn in Tables Il and 12 (pp. 310-jll). Six firms, 

aIl large, had discontinued ~pprenticeships and other formaI 

programmes with the onset of the 1982 recession. Small firm 

informants argued that their size mitigated against the 

organisation of training courses. However, several small 

precision machjning shops and mould and die firms did 

emphasize informaI, on the job tralning of a systematic 

sort, and appeared concerned to ensure that their workers 
(-

o 
obtained aIl round machining experience. One ten man firm 

set aside one day a month as a designated teaching daYi and 

two others arranged evening sessions when workers and 

technical management discussed technical production issues 

sueh as tolerances, edm work, ete. 

AlI of the large firms charaeterized their trai~ing 

programmes as involving only small numbers of trainees, and 
~ 

focussed qn very particular areas of skill. (5) The steel 
l' 

company was one of the first to drastieally reduce its 
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I.ab l e_l.t: Formal~abou~Tr~~®~~Sector 

No. of Compan~es Report~ng No. of Flrms ln 

Bector Formal Tralnlng Ar r ang'ement s: Each Sector-

Currently Di scontl nued 

Aerospace - 1 15 -' 
y ..... Electrlcal " 1 8 
0 

..... 
Q . 

Sheet Metal 1 6 

Mould and Ole G :2 6 

Pumps and Valves 1 5 
0 

Agrlculture and 
Lumber / ? 1 4 

Industrlal Equlpment .0 
...., 1121 

Tr- anspor:-tat l on -' 1 6 

'--
~ 

'" 
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Table 12: Current TraInIng by Firm Size 

Firm Size 

Large 

Medium 

Small 

ND. of Firms Repdrtlng 
FormaI Tralnlng Arrangements 

9 

'"') -
3 

~~i 
""-

No. of Fl rms lW1 
Slze Group in ,SampIe 

21 

23 

16 

~ 

,;;; 
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apprenticeshtp progr~mmê. This occurred in 1970, in the 

midst of ski lied labour shortages and the move to adopt Ne 

technology in order ~b reduce subcontracting. However, it 

was argued ~hat the labour costs after the 1969 strike 

settlement had increased substantially and the 

apprenticeship programme was one area where reductions could 

be made without further labour strife. 

Most medium and large companies exhibited a highly 

cost conscious attitude toward labour training. Informants 

from these c9mpanies claimed that informai training by 

pairing off lead hands or experienced workers with less 

experienced workers and putting them on a particular job 

together was the most efficient, flexible and inexpensive 

system. While several informants regretted immigration 

regulations which had stopped the inflow of European 

tradesmen, no one proposed that Canadian government and 

business should develop an extensive formaI apprenticeship 

system. In the current economic climate of high rtsk and 

low growth, the general position on skill training was one 

of improvisation with the resources at hand and not any 

initiative requiring major resource commitment. 

312 



( 

c 

; 

1 

Conclusion 

By probing labour deployment issues l intended to 

discover whether or not the spread of NC technology was 

associated with patterns of manning indicating the 

.replacement of highly skilled workers by less highly skilled 
~ . ~ 

workers, Several findings emerged which are difficult té 

interpret in terms of the labour process theory. First, no· J 
single pattern of skill deployment was founJ to be 

à~sociated with NC use. Generally, high skill operations 

such-es tool and dïe and mouldmaking used NC as an extension 

of cr~ft skills, while low skill operations such as' sheet 

metal stamping used NC as another variant of semi-automatic 

machinery tended by semi-sKilled operatives. Larger firms 

in particular used lead hand-follower or setup 

machinist-machine operator skill subdivisions to en able NC 
1 

machines to be operated by less skilled workers. However, 

such shopfloor arrangements originated with conventional 

machining and has been continued with the use of NC 

equipment. The evidence suggests, the~f that the spread of 

NC technology throughout engineering has not been 

accornpanied by a homogenization of shopfloor skill lev~ls_ 
/ 

Second, there was considerable disagreement-among my 

informants about how much skill was involved, and what was 
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the nature of the skill associat~d with NC operations. 

However, those informànts'who characterised Ne operation as 

relatively unskilled did emphasize that workers with a high 

sense of responsibility were required because of the 

sen~itivity, cornplexity, and expense of Ne equipment. This 
1 

is an aspect of changing labour force requirements which js 

often overlooked by labour process writers. It is important 

because the need for employee responsibility in relation to 

expensive capital equipment undermines the relevance and 

effectiveness of authoritarian management practices and also 

gi ves labour sorne ba'rgaining power. 

The third labour deployment aspect analysed was that of 
--~- ----~------

skill shortages. ne technology did not generate significant 

skill shortages. Nor did it solve traditional engineering ,.. , 

skill shortages of welders, toolmakers and skilled 
1 

; .. 
machinists. This suggests ,that the techn~ology is. not, and 

-,. 
probably cannot be, introduced to decrease the engineering 

and metalworking ind~stry's dependence upon various 

categories of skilled labour. 

A labour process writer might respond te the foregoing 

analysis by~ arguinq that the impac~ of Ne diffusion has been 

limited beéause of tpe strength of the unions in Canadian 

engineering firms and also due to strong shopfloor 
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resü~ence to technological change. The evidence for this 

argument is explored in the following chapter. 

Footnotes 
o 

1. In the absence of a'European style industrial 
apprenticeship system, the criteria of skill level 
in engineering and metalworking were often quite 
vague among my informants. Sorne informants' with 
Europeqn training dismissed aIl Canadian metal­
workers as semi-skilled. Others proposed four to 
six years on the job experience as their bench­
mark without specifying what the content of that 
experience should be. Still others suggested 

. two yearS"" trade school or- cornmunity Icollege shop 
courses combined wi th three to fi ve years job l. 
experienc~ as their criterion defining skill. 

2. 

The distinction between unskilled and semi-skilled 
work was al-so ha rd to pin down. Semi -skilled work / 
was often identified less in terms of skill level 
than as a certain minimum standard of responsibie 
and conscientious behaviour. In analysing the' 
respopses to my questions about skill levels l use~/ 
the following delineations: NC opera tors describédt" 
as having no machine shop experience, or as being 
hired straight from vocational high schools, CATs 
and CEGEPs, l categorised as unskilled; operators 
described as ·skilled machinists 4 • ·experienced 
machinists,· Hexperienced NC operators,· or as 
·tradesmen,· ~eFe categorised a~ skilled; operators 
described simply aa ·operators,H ·one machine 
specialists ,.H :' not the best machinists,· etc., wer'e 
treat~d as semi-skilled. ' 

Much of the skiiled machining in this plant involved 
the fabrication of many different types of gears. , 
This is a specialised branch of machi~ing which has 
only recently witnessed the development of NC tools-." 
Prior to this development, gear rnaking was rnost 
certainly a high skill area of machining. Even with 
this d-eveloprnent the machining invol ved in gear box 
and transmission assemblies for airera ft is a high 
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precision process and, because of the complexi ty 
of assembly of the entire unit is likely ta remain 
one in which skilled labour ls prominent. 

Two Francophone informants also suggested that 
Quebec's language legislation added unnecessary 
costs ta engineering businesses in the province. 
One pointed out that English language competence 
was an entrance requirement for the engineering . ~ 
gradua te programmes at most~r French 
universities. The other maintained that French 
techn-ical li terature was tü'C; obscure to be used in 
Quebec because of the acceptance of American-
En~lish terminology. An Anglophone informant said, 
-~re we have a language problem; most of our people 
don't speak either English or French!" 

4. 9 of the firms in • sample ei ther had experienced 
or were undergoing major o~nizational changes such 
as denationalization; take ver by another firm, major 
rationalization of product on, appealing for government 
funding to ensure survival, d close escapes from 
bankruptcy. 30 firms had had to lay off workers during 
the 1982-84 recession. " 

5. Most often mentioned training areas were welding 
and tool and die work. 9n.ly two' companies mentioned 
sorne organised training of Ne operators . 
beyond the on-the.j Gb systems described here. 

'\ 
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Cha ter 8: NC Techn la' abour Relations 

Introbuction / 

[raverman: s labour proc\e~s theory is intended to \ .., \ 
explain the design of modern ',production org~ization and the 
~;>. ' 

\ \ 

effect\ of te~hnOlOgi~al ch~nre in terms of rnanagernent's 

con cern to weaken the bargaining power of labour. As a 

Marxist he views industrial relations as an arena of class 

cbnflict. However, his primary a~m is ta document the 

underlying class rationale in management ideas and actions 

and he does not investigate labour reactions to ~hanges in 

the labour process (1). He believes though that" the 

hostility of workers to the degenerated forms of work which 

are forced upon them continues as a subterranean stream that 

, makes i ts way to the surface when employment conditions 

permit, or when the ca_pitalist drive for a greater' intensi:;'y • 
~ 

of labour oversteps the bounds of physical and mental 

capacity." (1974, p. 151). 
/ c; 

For Noble, Wilkinson and Shai~en also, the adoption and, 

diffusion of NC technology is inextricably lipked to 
J 

,industrial conflicts arising from labbur' s attempts to gain 1 
autonomy in the work process and management' s at'~empts to 

control it. While Noble ernphasizes the most dramatic trades 
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union actions in defence of established work routines, job 
• 

classifications anà pay systems, Wilkins0n and Shaiken 

explore a variety of-cases of less dramatic disputes over . 
the deployment of new tèchnology which continually modify .. 
the Ufrontier of control." .If the labour process theory is 

correct, then, it is probab~e that the diffusion of ~C 

technology has generated ~ome significpnt industrial i 

o 

conflict. The evidehce presented in this chapte~ however, 
~ 

does not support the labour prooess theory, for while sorne 

industrial conflicts have occurred they have been neither as 
- 1 

intense nor concerned with the issues Whirh would be 

predicted by labour -proc~ss theorYi issu~s such as the 

retention of NC progra~ing as part of the NC machine 

operator's responsibility, for example. 
1 .,. 

My interviews sought to probe for the-management 

awareness of various kinds of labour reactions ~o the 

adoption.and utilisat~on of 'Ne t~c~Ogy rangiqg tram 

formal union actions through inforka1 problems of individual 

unwillingness to retrain or to ~ransfer from conventional 

machinery: Apart from receiving the occasional National 

Citizens Coalition style sermons on the evils of trades 
/ ~ 

-' unions and the welfare ....support system from sorne owner 

managers of small shops, l found the rest of my informants 
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, 
discussed labour relations issues frankly and with 

equanimity. The following rather tranquil picture of labour 

relati'ons in relation to changing technology is assumed to 

be, then, an honest reflection of industrial relations in 
fIi 

the enginèering and metalworking industries and not a 

( distorted, purely managerial image (2). 

'" . Unionism in the Subsectors of Engineering 

Tables 1 and 2 (p. 320) show the level~ of unionisation 

(in~terms of proportion of firms with unions) within each 

subsecbor and according to firm size. Unionization was 

directly associated with firm size. Hence, those subsectors 

with large plants (over 500 ~ployees) -- transportation, 

agricultural and lumber equipment, and electrical products 

-- had higher~p~portions of unionised plants than sectors 

characterised by small and medium firms such as sheet metai, 

pumps rnd 

is a y-st 

of labour 

-
valves, and die and mould shops. Table 3 (p. 321)' 

of the 8 of the 36 unionised firms where sorne form 

resistence or dispute occurtèd in connection with 

the use of Ne equipment. Most of these disputes concerned 
_/ 

issues of job ~lassifications and job responsibilities; none 

involved any significant outbreak of industrial conflict. 
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Suboroup 

Aero.pace 

Electric:al 

Sheet Metal 

Mould and Die 

,--'-

Humbe,. of Uni on1 ~ed 
Fi,.m. 

e 

b 

3 

Pump. and Valves, 

Aorlcuiture 
Lumber 

~ 

Indu.trial 
Equi pmlPflt 

rrillnsport 

Large 

Medium 

Small 

and 

'" ,) • 

:5 

!JI 
/b 

Humber of Uni onized 
Firms 

4 

Q 

320 

, 
Humber of Hon­
Urii on Fi r/ft. 

7 .. 

2 

:5 

~ 

4 

4 

0 

Number of Hon­
Unlon Ftr/ft. 

e 

17 

Percent.oe of 
Union/Non-Union 

l53% 

?l5~ 

~ 
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16,bX 
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TYR' ot fir. L.bpuc Di \Ruh 

".d'ulII .iz.d ~ •• t 
lII.t.l plant 

".diulII .lz.d J;du.tri.l 
conv.yar m.nufactur.r 

S •• ll pump .nd val v. 
éOllpon.nt fi rai 

L.CIiI' ~Q'P'c, firm 

. . 
a •• ll j.t air .ngin. 
part •• nd cepoli,. plant 

Larlil' ah •• t m.tal and 
PIP' plant 

Ini Ual concltl"no, ov.,. .lci Il lev.i' ot MC 
Merk.,..., •• nninIJ r.UO., WlO ..auld 
prOljlr .. , r~9ht. of older MOrk ....... 
eurl"entlv .tnninQ c.Uo. ar. up for 
clll'llIjIati oItiQn. All is.u •• in th. p •• t 
settled bV n.gattation. 

IniUal conc.rn. av.r patenU.I lavoU., 
job d •• cription., lOIho loIOuld prQ9r_, 
ci9ht. of bld.r wPrklf'" SQN labour 
shtfted to oth,r J:iep.rt •• nt., i nfor •• l aQd 
fllXibl. prOQrlmlllinliJ .ll-ocatlon.. All 
i •• u ••• .ttl.d through n.goUltlan. 

r, 

Initi.l conc.rn. av.r Ne ... chinlng Job 
d •• cription .s • non-bonus pty~nt job. 
R"Rlv.d by n'Qotilbon r •• ultlng in 
up ... cd r.viston af bl •• pay for Ne .. ark. 

v 

Inititl conc.,..n wlth right.~of aider 
IIK)f"k.c. to r.lII.in on conventtbnal 
.. c:himng. J9b •• 

Uni on h .... 1 .. IY •• >epr •••• d conc.rn thtt Ne 
technologv p.rt of • l.bour alving 
str.t'QY on th. part .anag •• ."t. In f.ct 
...,foy •• nt h •• grown contlnuou.ly d •• pit. 
th. 1980. r.c •• sion • 

Union lnsl_t. on strlct Job Cl.S.lfl­
cation. and h •• r.sl.t.d .. nv !IOV'S to 
.enltrg. Ne lII.chini.t.' r.sponsibil!ti •• ta 
includ. progr ... ming. '; 

Shlft to a IIIOC. saphi.Ucatltd progra_ing 
1 Anlilu'Q' l.d Ne WQf'" k.,... t CI- d ••• nd 
additiona1 tr.1n1ng. Th. tr.d •• unIon did 
not' aupport thi" d_.nd, th. comp .. ny lIoved 
.1a..lV to Il •• t th. d.lII.nd. Di .... tl.-
f .. cUon p.r'l.ts ov.c th •• 1.lIent .. cy l.v.l 
of th. tr .. ining provld.d. 

Union repart'd ta b. v,ry .. ctiv. in 
·poUcing" job clas.ificatlona .. hen.vIC 
n_ ,qulp •• nt i. introduc.d. Such i •• u •• 
have b,en r •• o1 v.d by uni an-... naglttMtnt 
nlQott .t ion.. , 
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Three of the ,disputes we:r:e not ,sa tisfq.ctorily settled, ~~ ( 

- . 
were only precariously resolv~d ~1d cou Id emerge as, the, 

source of future conflicts. ~ ~ 

In the precedihg chapter l discusieq the considerable 

variation in NC operator involvement in edi(ing and 

.programming. Manufacturers "and vendors of Ne equipment have, 

consistently emphasized "programme integri ty" (i. e. 

prog:qamming as an "office~ and "no~ a shopfloor function) and 

therefore management control as a positive a'spect of the 

technology because~it increases mana~ement and engineering 
~ 

control of the actual mOvements of the maèhine tool cutters 

and potentially requires less skilled operators than 

convention al rnachining. In practice, however, sucQ a clear 
j 

division of labour between shop floor and off Lee has not 

emerged, and a variety of compromises with shopfloor 

programming have developed. For the labour process writers, 

control over p'arts p;rograrnming was at the heart of most 
• 

disputes over the deployment of NC equipment. l too found 

that programmi~g responsibility was ~he most controversial 

issue, but th~ "disputes simplY"did not conform to the labour 

process descriptions of managerial attempts to control 

programming confronting labour's atternpts to evade or to 

iI1lpose their own contro1.s. 
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l have cited the steel company's process 0' NC adoption 

in detail. My informants in that plant pointed out that the 

ïnitial adoption occurred shortly after the resolution of 

the 1969 strike and wa~ met with sorne suspicion on the part 

of the union. The planner indicated, "The magqr problems , 

have focused on' job defini tions and manning. The latter has 

been less of a problem becau!se sa far we have held to a one 

machine-one mqn policy consistently, although we may be 

forced ta ~hange this with the continuing tough times. Each 

new machine was explained to the union when we were 

considering its installation. We were lucky in that our NC 

"programme took place during a period of an expanding market 

and growing workload, so there were no problems with the 

union around this." 

The initial concern of the union was that NC machines 

would lead tQ a dilution of the machine shop's workforce 
o 

with semi-skilled operators, and union representatives 

demanded that both operating and programming be consolidated 

as the operator's responsibility and that the operators be 

skilled machinists. After ~ome negotiating which, as was 

'" i dicated in Chapte".r 6 was ma~. easier by management's own ; j ù ' 

t ntative position on Ne de~yment, it was agreed" that NC J 
\ ,< 

~~Chine ~ools would,be manned by skilled conventional 

o 

/ 
•• ; :1.1< "'(:" 

"10'1< 

'lit" " 't.I'. ! 
1 
1 
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machinists, but that programming would be a staff function, 

-:-. 
carried out by personnel recrui~ed from machinist ranks. 

Subsequent Ne acquisitions followed with routine unjon} 

management consult~tions. Tbe last acquisition -- a CNe 

lathe -- reinforced the management's view of the need to 

retain control of prograrnrning. "Our last Ne machine, a 

shaft latne, had a built in processing post 50 that it 

raised ihe question once again whether it should be 
() ~ 

prograrnrned by the opera tOI" or by staff. We didn' t feef ~ 
l> 

comfortable about ~he operator controlling the machine 
'f 

productivity we had paid for. But we did an extensive 

survey of various engineering plants to see what happened 

when operators programme. We found that where workers 

pro5]rarnrned they programme the machine for far lower feed and 

speed rates than the machine's optimum. We also found thaL 

in aIl production situations, post-processing was not used 
... 

for programming, which was dene off the floor so that the 
" 

production was controlled. But in small shops with lots of 

short run custom jobs, where workers were very close to the 

management, shop floor prograrnrning made sense. Ours is a 

missive 'plant wi th a lot of production at stake, so we went 

the production route." 

The steel c~mpany informants were, acutely aware that 
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their Ne policies had worked out weIl because the equipment 

had been installed during a period of great demand pressure, 

and at the same time to etisure greater self-sufficiency from 

subcontractors. This meant that it was easy to sell to the 

union as a job saver even should times get harder. ·When we 

l'{Iade the decision to go Ne nobody was thinking of personnel 

reduction. It was an expanding market. We were overloaded 

with work, but we also wanted t9 reduce our subcontracting 
~ 

by bringing work in house. This was similar to a lot of 

other firms going Ne at the time. Now conditions are 

different and labour shedding is important. We are probably 

~n a good position to cope with labour by attrition. But 

this leaves two,problems: one, everyone is frozen in the 

position they hold now, so there's little advancement open; 

second, later on due tq the age blocks we have, attrition 

may not be possible. The other personnel conseq~ence of Ne 

is that we use our older workers and those experienced but 

with health problems better in set up operations, tool 

inspection, and maintenance." The iast reference to the 

deplçyment of oider workers was inter~sting because a 

recurrent theme in my informants' discussions of the labour 

Aspects of Ne was the problem of older workers who were 

reluctant to learn to work with thé' new machines. 
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Management in larger firms wi th union protection for fong 

service employees often mentioned this as virtually the only 

real personnel problem they had experienced in connection 

with ne adoption and use. 

The experience of the steel company contains almost aIl 

of the labour reJated Ne issues l discovered in my sample --

job classification, programming responsibility, the future 

of older workers, and whether or not Ne technology would 

lead to layoffs. While job classification disputes 

occurred, in no instance were such disputes particularly 

intense. As the production manager ~f a large steel 

fabrication plant using Ne punch presses observed, ·We 

usually have arguments over job classifiç~tions every tiWe 

new technology is introduced, but nothing really serious and, 

it's usually resolved th~ough a management-union committee 

process. With our union we have normal conflict, nothing 

more. 

This aptly sums up the job classification disputes l 

was referred to. Thus the Ne shop supervisor at a custom 

sheet metal factory found that Ne disputes tended to decline 

with management and labour experience with the technology. 

"In the early days there was a lot of trade union suspicion 

about Ne machine tools. Soth management and workers we're 
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new to it and didn't understand the technology. A ~ot of 

false claims were made that Ne machining was pure button 

pushing. The unions thought these claims were a snow job 

and werën't happy about 10sing programming. We 've a1l 

found out that more manual skills are required for nc 

operation anyway, and this has made things easier about the 

programming issue." Earlier this same informant had 

characterised programming as a "grey area" in his plant 

where most jobs were centralised in the office, but small 

jobs were done.on the shopfloor. Again there were some 

, manpower d~p~~yment problems arising from the use of Ne 

equipment. "Sorne of our oldest workers were sometimes 
. 

reluctant to get. involved with mere push but ton operations. 

This, combined with union insistence on protecting seniority 

crite~a, meant t~at it was sometimes hard to fi Il jobs. , 

But generally labour deployment hasn't been a frequent or 

repeating problem here. U 

While the labou~ process writers describe many 

instances of workers fi~hting to retain control of Ne 

programming, l found two instances where the union was 

either opposed e~ indifferent to this control. The former 

case was that of an aircraft jet engine parts fabrication 

and repair plant. "The union hasn't been opposed te 
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teehnical change such as ne as sueh. Probably because it's 

not a production instrument and so it isn't job threatening. 

On the contrary we couldn't survive in today's market 

without it. What they are strict about is keepiog to the 

agreed upon job description. The ~rograrnrner here is a good 

case in point. He was hired às an experienced NC machinlst 

and after probation became a lead hand. He knew more about 

programming than anyone on the shop floor and was the only 

one we allowed ta edit programmes. But this violated the 

maehinist's job description so the union stepped in and told 

him eithèr to be a regular machinist like everyone else or 

else become a programmer. Rather reluctantly he got into 

the prograrnrning end and has done really very weIl for us" 

( 3 ) . 

This airera ft plant lJ..sed sémi -skilled operators on i ts 

nc machines so"it might be argued that the union supported 

classification code reflected the interests and concerns of 

operators rather than skilled tradesmen. However, another 
/ ----- ------- - ---

aireraft plant, manufacturing transmission drives and 
<:! 

components -tried to expand the responsbilities of skilled 

gear grinders by giving them prograrnrning responsibilities 

when CNC gear grinding machines were installed. Although 

the prograrnrning was relatively simple the opera tors tied up 
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the foreman 'wi th questions and checks so that he couldn' t do 

his job properly. Consequently shop floor programming was 

ended. The union was passive throughout this experiment. 

" "The union didn' t raise a peep ei ther way -- when we 

included programming with grinding, and when we took it 

back." A simi,lar "job enrichment" incident where 

programmable inspection devices were'introduced into the 

inspection department also failed, again with no activity 

either in support of or in opposition to it by the union. 

My informant suggested that the reasons for these ~ailures 

were related to the size of the plant. "It would have 

worked out differently in a small shop where management is 
lit-really almost part of the shopflo~r team and the atmosphere 

is different. Our plant is too large, so everybody -just 

"gets by and does his j ob and no more. 
1 

One other instance of, sorne labour unrest about a 

company's policy on NC programming might_be interpreted as a 

case of craf::~~sCiousness. A majo~ builder of engin~or 
helicopters and small commuter àircraft, changed from~ 
older, manual-based parts programming system to the 

iadustrial ~standard COMPAC II three years ago. The latter 
.-

works from parts geornetry rather than the earlier system' s 

method of calculating aIl major dimensions for each -
329 
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operation. COMPAC II is faster, much eàsier to programme, 

less error prone, and excellent for families of parts, 

nesting parts, or complex contours, according to the 

programmers l interviewed. But it is very analytical and 

requires learning the prograrnming language in order to 

understand it. According to one programmer the opera tors 

found they could no longer understand what was going to 

happen at the ~achine. 
\ 

They we~ extremely uncomfortab~e 
• 

with-th±s-and tried to get the union to support their demand 

for management to arrange programming training for them. 

However, the union did not support this demand on the 

grounds that programming was not part of the operator's jop 

description. A year passed by before the company provided a 

course for the operators on the basics of COMPAC II 

programming. According to the programmer, "By then the 

smart guys had figured i tout anyway." 

Somewhat divergent accounts of this ep~sode were given 

to me by a staff programmer, a foreman who was·an ex-shop 
.. 

steward in the NC machining section, and an ex-nc machinist 

recently promoted to the Proces~ Planning Department. The 
, 

programmer and machinist ·suggested that the changeover in 
) 

programming methods had generated a lot of dissatisfaction 

among the NC operators to which the union refused to respond 
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at aIl and management only slowly. The foreman agreed that ,c 
while there had been anxiety and unease with the changeover, 

this was not the main source of the problem. He suggested 
* 

that the dissatisfaction was greatest with the programming 

course ~rovided by management. Both the foreman aad the 

ex-machinist had taken the course and agreed that it was so 

simple every Ne operator had already,learned more in the 

course of the year merely by running the machines. What 

frustrated the opera tors was that the course did not 

adequately explain the programming language. fwever, since 

the union would no~ get involved the frustrat' n never 
~ 

c~ystallised into any organised shop floor act n. Again 

this case is interesting in that the union operated with a 

rigid adherence to the negotiated job classification 

arrangement while the Ne operators were uncomfortable with 

the narrowing of their job activities which occurred with 

the change to COMPAC II (3). 

The Reasons for Industrial Peace 

1 should like to conclude this chapter by discussing 

why NC technology has diffused in my sample with relatively 

little labour resistance or turmoil. 
~ 

,probably'the major reason why the spread of NC 
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technology i~ Canadian engineering and meta~working 

industries has produced so litt~e labour unrest is that it 

has not had any major labour displacement effects. My 
~ 

informants were unanimous that product dema~d was 

overwhelmingly the most important determinent of employment 

in their industries. In only' three cases was there any 

reference to labour reductions following the adoption of Ne 

equipment. A large industrial valve manufacturing manager 

estimated.that u • •• perhaps 3% (i.e. nine employees) of our 

labour force were affected. But there were no layoffs; we 

just. moved them. to other operations." The managl7r of 

planning and development at a railroad frei\h~ car 

fabricating plant argued that, " ... thereJis a definite 

reduction in labour required for production. But the major 

labour demand effect is rehiring fewer people after the 

downturn due to lower market demand. A recession outweighs 

technology in producing unemployment." Finally, the 

perforating department supervisor at a sheet metal plant 
l, 

thought that NC had reduced his firm's labour requirement 

"by a small amount." 

In contrast to these cases, the majority of the 

sample's response was simflar to the programmer at another 

sheet metal firm who in expressing surprise that there were 

of-
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no layoffs after the Ille equipment was installed noted~' "I -

thought the higher productivity wQuld surely reduce the work 

force required. But it's a growth cycle. You put in nc, 
, 

you get ~ore contracts, you need more workers of aIl kinds." 

~any ~nformants pointed to NC technology as havin~ 
increased labour demand because ft made the plant more 

competitive by improving product quality, increased capacity 

to handle' more contracts, shifted the company into a 'more 
. , 0 

complex line of parts~ etc. Four maRagers ln medium and 

larger firms tho~ght that there were probably "hidden" 

labour increases in their companies as a result of the 

adoption of NC machin~s. That is, as ,the company used t'te 

Ne equipment various pressure for more materials to be 

'" supplied to them, greater maintenance requirements, more 

programming support, subtle chang~s in manufacturing and 

design, gradualiy involved adding one or two people to~ 

several departments. Since the~e additions occur over sorne 

length of time and their relation to NC acquisition may not 

be directly apparent, their real source in the use of NC 

tends to be overlooked. 
1 

Three informants did discuss the possib'ility of m?jor 

technologically related layoffs in connection with their 

plants. Two managers in two different agriqultural 
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equi~ment firms speculated that the severe depression in 

their industry would, in the longer run lead to the 
1 

development of manufacturing systems which were less 
- • 1 

( 

dependent on high labour inpuf~ Sp~cifi;~lly they fores~w 
\ 

robotics technology as having a ~ajor impact on- employment . 
because their industry had certain major areas of production 

.( / 

such as welding, grinding and spray painting which had been 

successfully robotised by the autom~bi e industry. 

~inally, the print machinery p,ant manager saw a 
~p " 

potential reduction of about 20% in his plant's làbour force 

if a majo:rll machine tool acquisition programme were '"' .. 
undertaken. This, however, was not an NC related potential 

reduction but, • ... because 50 much of our machinery is old 
Î 

and'should be scrapped. We need so many skilled people to 

maintain it, to make it machine to a reasonable standard, 

and to fit the PieCe~Ogether which won't fit without 

/ " further work because the machines are so old. With an NC 

equipment acquisitions programme combined with what he 

considered proper preparati~ and reorganisation for 

effective Ne use, this informant thought that a 40~ labour 

force reduction sftould be possible in theory. However, the 

rest of the plant's ma~~ment were not so enthusiastic about 

change on this scal-e, 50 this manager doubted that any of . 
334 
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these reductions would come to pass. 

In the preceding chapter l showed that Ne technology 
~ ~ 

has ffad negligible impact on employment levels within 

engineering and metalworking plants in which it was 1 

installed. This would account for the typical response to 

my question about there being any union resistance to th~ 

installation of Ne equipment. One'exemplar of this response 

was, uThere has been no union objection at aIl. Nc 

production is only a part of the total operation with no 

major effects on deployfuent or employment, because the Ne 

department does small runs, and Ne has not developed into a 
~ 

mass production operation. In fact the increased production 

from applying Ne has increased our need for maintenance men 

and for assemblers and packers. u As weIl, Ne technology has 

not radically altered the basic organisation of work or 

drastically reduced the demand for conventional skills which 
-

have been in short sUPP,ly such as welding or toolmaking. 

Any initial fear of possibly dramatic changes in manning 

"' ,practices and employment-Ievels have proved grouQdless so 

far. As aIl my informants said it is the level of demand 

for engineering products which determine employment levels 

-and not technological chànges. 
\ 

Part of the reason for the level of industrial peace 
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that l found may weIl have been the recency of the econornic 

recession. There is sorne consistent evidence that 

~dustrial disputes decline during recessions and increase 

1 W~h recovery (Ashenfelter and Johnson 1969, Reese 1960, P. 

Smith 1972 and 1976). In this c6ntext two managers made' 

interesting observations about the impact of the recession ~ 
l , 

on their workforce. ~ p'~~ manager at a mediut sized steel 

fabrication shop in Mon~real observed thqt during 1983 when 

there.w~s a 60% reduction in the work force, -The men had an 

interesting reaction to the general insécurity. They worked 
/' 

harder than normally, Our productivity probably went up to .. 
110%. l wou1d have expected thém to work less, to spread 

out the work, make it last longer and so keep their jobs, 

but they did the opposite."J Clearly the recession and 

1ayoffs induced ~onsiderable anxiety on th~ ~art of the. 

labour force, and each man operated às a "goJd,· 

• conscientioJs· workoer in order'"to red~ce the risk of 

layoff. Thfs behaviour occurred at a unionis-ed plant and 
> .,-

reinforces the interp~etations of aggregrate strike data in~ 

relation to econo~ic -cycles which point out that recessions 

are not the rational 

!> • 
The Ne shops superv~sor at a 
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also a unionised shop and in Montreal, observed that the 

recession had consequences for his wor~rs' interest in NC 
,,--l . 

training. .. l have people demahdlng and waiting to be 
n 

trained for ne. T~ey have different r~sons for it. Sorne 
/ 

o 

have a real desire to know how to do it. Others see it as a 

way to get ahead if they have to leave this plant. Others 

see it as job securi~y. This is because during the '83-'84 

layoffs l retained the NC'lead hand over several senior 

people and the NC machines were always operating while sorne 

other work stations weren't." Interestingly, this o( ~urred 

at the only plant where the union was reported to be 
1 

~nsistently suspicious of NC as a labour ,reducing 

technology. The shop supervisor' s dese:ciptio11 of~ his 

workers' interests in NC training suggest that there might 

be a gap between the union's coneerns and those of the 

meIlt?ership. 

The question remajns W?y sueh faeto~s are appa~ently 

less effective in the United States where, aacording to 

Noble and to a lesser degree Shaiken, there is 

eon~rable industtial Qonfli~ assoeîated with Ne 
\ ... 

teehnology. It is po~sible that the relative strength of 

the unions is greater in Canada,than in the United States 

( HUXley;\ettler 

il 

f ' 

, " .--~---
and Struthers, 1~6). Consequently the 
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greater level of unionization inhibits the utilization of Ne 

equipment in ways which would prOd~significant labour 

redeployment or reductions. Three managers in larger firms 

maintained that they could maintain current production 

levels with labour force reductions ranging from 2P% to 40%. 
, , 

However, they all indicated that any rnove to do this would 

be disruptive ta labour relations at the plant. As the Ne 

departrnent director at a major aircraft manufacturing plant 

pointed out, "We coul_dn' t take things that far because even 

before the union starts making an issue of it, funny things 

start happening on the floor. Mistakes get made, accidents 

happen, and the opera~ors say, 'See what the machine made me 

d ?'" 0_ 

It is possible that if the persistence of slow economic 

growth rates and~intensifying competition alters the past 
1 

ppplication methods, NC could ernerge more evideri~y as a 

labour saving technology. This could, in turn, alter trades 

unions' attitudes t9wards nc. Severql informants saw 

robotics technology, rather than NC as having more serious 

labour force reduçtion consequences. However, they also 

pointed out that current roboties deviees are extremely 

expensive, and that 

produce significant 

the scale of investrnent ne4essary to 

labour saving effects is P1~hibitive 
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precisely in a period of slow growth and uncertain economic 

outlook. Such conditions also inhibit the investrnent in the 

most complex forms of computer automated manufacturing . 

. 'While managers also referred to the difficulties and 

reluctance of older workers in adapting to NC rnachining, 

they consistently pointed to the willingness of younger 

~orkers to learn Ne operations. The rnanage~~f a small 

precision machining shop observed that, "Younger people with 

technical school background are willing and interested, and 

want to work with NC equipment. They are taught that it is 

what they will be doing, and they seern to be taught that 

there is a prestige associated with it." An owner-manager 

of the shoe mould firrn said that, "There is no friction or 

resistenc~ to new technology. Most workers are young, in 

their twenties and thirties, so they expect to see changes 

on the shopfloor and expect to have to adapt." Other 

observors said that the younger workers are cornfortable with 

video screens and electronic equiprnent and have an ease and 

familiarity with computer technology whereas older workers 

qare most cornfortable with mechanical equipment and uneasy 

with electronics. It is prob~ble, then, that the wider 

social acceptance and uses of cornputers and electronic 

leisure devices render younger workers in engineering and 
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metalworking at ease with and accepting of Ne technology. 

These broader social factors were repeatedly referred to as 

a condition facilitating the use of NC technology on the 

shop f1oor. 

1. 

Footnotes 

Braverman's exclusive focus on manageria1 strategies 
has produced much criticism from fe110w Marxists and 
other Ieft-wing scholars, See, for examp1e, Friedman 
(1977) and Heron and Storey (1986, Chapter 1), 
Wilkinson's work (1984) is also presented as a crjtique 
of Braverman through an analysis of the impact of worker­
management strugg1es on techn010gical change. 

Daniel and Millward (1985) found considerable congruenc(' 
between management and labour perceptions in their 
survey research on British industrial relations. The 
major area of divergence appeared in evaluations of 
the effectiveness and utility of griev~nce procedures 
which were most favorably viewed by management 
(1985, Ch'apters VI and VII). -

3. Next to owner-rnanagers, the technician group 
was the most overtly hostile to trades unions, 
Critical comments focussed rnainly on job classif­
ication restrictions, which were viewed as obstacles 
to mobility through 1earning new skills. 
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Cha~er 9: Conclusion 

As outlined in Chapter 2, my research originated from 

certain dissatisfactions with both the labour process 

analysis Of( nc;leC~nOIOgy and orthodox economic 

innovation-diffusion interpretations of technological 

change. Both theories involved a one-dimensional or 

unilateral conception of technological adoption and use 

profit expectations for innovation-diffusion analysis, and 

managerial control of the labour process for the labour 

process school. Each theory drastically simplifies the 

process of management decision making in relation to 

technology and overlooks the constraints to pure profit 

maximising or labour control strategising. Each theory 

overlooks the complex variety of pragmatic and operational 

factors which management take into consideration with 

respect to technological adoption and use. The aim of my 

study was ta document the 'existence of these constraints and 

pragmatic factors in order ta contribute to a more adequate 

behavioural understanding of technological diffusion. In 

this chapter, then, 1 shall review my findings and discuss 

- the implications they have for the analysis of technological 
~ 

diffusion. 
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Ne and Labour Process Analysis 

Labour process analysis has undergone much modification 

and emendation since the publication of Braverman's work. 
, 

Much of the subsequent work has been designed to elaborate 

the ·counter tendencies· which opera te to limit the capacity 

of management to control the work process. Thus Wilkinson 

(1982) pointed to the way unanticipated technical problcms 
, 

with new machinery open up opportunities for shopfloor 

workers to ·claw back" control over the production processcs 

intended to be diverted to engineering management or to 

automatic control; Friedman (1977b) found periods of 

relaxation in management controls alternating with periods 

of strugg~t' ,ta control the labtur process corresponding wi th 

changes in market conditionsj ~haiken (1986) discovered 

cases o~ industrial processes which were too complex or 

variable ta be routiniped in preparation for automation or 

computerisat1onj finally, Noble (1984) found cases wherc 
"-

union insistence\on established job classifications and 

manning arrangements thwarted management plans for 

systematic automation. AlI these cases are brought [orward 

to explain why deskilling and labour displac~ment are not as 

prominent a tendency in' industry as Braverman's thèory 

predicts. 
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However, as was pointed out in Chapter 2 none of these 

authors is able to present compelling evidence that 

intlustrial management generally operates with a 

self~conscious strategy of deskilling or labour 

displacement. Several aspects of my study suggest that, at 

least in engineering and met~lworking firms in central 

Canada, no such strategy exists. These aspects include: i) 

management's reasons for adopting and using NC technology , 

ii) management evaluations of the technology's impact on 

labour productivity employment and patterns of deployment or 

manning associated with NC technologYi iii) management's' 

estimates of areas of labour shortages. iv) finally, there 

is the evidence of shopfloor and trades union response to 

technological change. 
/ 

i) With regard to adopr~n and use decisions my 

int~rviews with managers in icate that labour concerns of 

any sort were overwhelmingly secondary to technical 

cdncerns. That is, in all branches of engineering, and in 

all ranges of firm size, Ne machinery was primarily a~~ed 

to solve probl~ms of working to particularly precise ~ 

tolerance levels, for coping with complex geometric \ 

contours, working with recülcitrant materials, or to 

overcome bottlenecks in production. Other consider~ 
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might be labelled market concerns where Ne machines were 

installed in response to contractor de~nds, to satisfy 

changing customer requirements, to shift the company to a 
., 

higher scale engineering market, to reduce scrap levels 1 to 

improve prQduct quali ty, etc. 

Ii) Where labour conce'ns were mentioned in 7 firms 

in connecti~ith the initial acquisition, in 6 firms at 

the point of second acquisition) these were related to 

(labou~ shortage conditions which made"it either ~ery costly 

, ~ 
or very difficul t 10r the firms to expand production by 

using conventional machine tools. In only two cases was NC 

equipment explicitly installed in the hope of reducing the 

company' s dependence on skilled labour. In both instances 
~ 

the "deskilling tactic" proved to be a tedhnical failure and 

in short order more ski lIed workers were shifted to the NC 

machines. 

Another aspect of the diffusion'of Ne technology which 

is pertinent to an evaluation of the labour process thesis 
u 

is the impact of Ne on employment in the plants where it ~s 

adopted. While there was a universal acknowledgement of the 

productivity gains inolved in using Ne tools, the 

predominant element in this evaluation was with reference to 

qualitative aspects such as increased precision, complexity, 
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high tolerances etc., rather than solely to production 

vOlJle. On~y four references were made to NC- equipment 

permitting productivity to rise without corresponding 

increases in plant employment. In fact the weight of 

opinion was quite the opposite, with the bulk of the 

informants suggesting that becaus~ the adoption of NC 

operations ~mproved 'the company's market position, there was 

an increase in the workforce required. 

Moreover, these managers estimated that NC equip~nt 

involved sorne increased employment of skilled maintenance 

personnel, Qf parts programmers and machinists. Even at the 

least skilled end of the spectrurn -- NC sheet metal punch 

press operators -- managers in such plants felt that 

recrui trnent of opera tors required more Ibare to ensure a 
')J 

higher quality of labourer who would ~xercise greater 

responsibility in working with the more expensive nc 

machines. 

Braverman's theory of labour force deskilling 

hypothesizes a homogenization of the work force as skill~ 
are fragrnented and cornpres~~d to eve~ lower levels. While 

• 
my data are. at best retrospective but not chronol6gical and 

therefore cannot adequately evaluate this historical 

hypothesis, they do suggest that, after two· decades of NC 
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diffusion, this technology has not yet become associated 

wlth a 'standardised labour deployment pattern (1). 

Thftre was a great variety of rnanning patterns 
( 

• 1 
a,ssoc~ated wi th the use of NC tools in my sample. At the ... 

high skill end of this spectrurn were NC'toolmakers in tool 

and die shops, and NC diernakers operating Ne machines, b 

of whorn were responsible for programming and operating t 
• 

~ 

NC machines. The next highest skill level were polyvalen 

or general rnachinists running NC equipment in agriculture 

and lumber equ~pment firms, sorne electrical goods, 

industrial machinery and a few aerospace plants. These 

workers undertook the tasks of edi~ing and proofing 

programmes, worked closely with programmers in the 

development of programmes, and at times did programming 

themselves. In aIl these cases the products were small 

batches of cornplex units, with many subcomponents requiring 

strict accuracy for problem-free assembly and functioning. 

The programming office existed to ensure that,engineering 

specifications were strictly adhered to. 

At the next skill level, that of specialised 

machinists, the shift system operated where the more 

experienced first shift opera tors set up the machines and 

did the tape proofing and editing for the second shift 
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opera tors who then on~y had to load and unload the machine. 

There were several variations of this system, including lead 

hand-follower, buddy systems, etc., most of'which were qui te 

informaI. In these situations control over machine 

programming,was a grey area. Where parts were judged to be 

simple and with tolerances relaxed, programming Dften 

occurred on the shop floor by the more experienced 

machinists. Where parts were complex, used expensive -

materials, or were part of a very restrictive coptract, 

company technicians in the Process Planning or Programming 
/ 

'Department,s controlled the programming. However, in several 

instances l found illicit shopfloor programming despite 

management's expressed policy of "programme integrity." In 

a11 these cases, ex-machinists or tooîmakers had been 

promoted from the' shopfloor as prograrnrners and maintained 

"collegi~l· relations with shopfloor machinists so that 

knowledge 6f prograrnrning was widely diffused. 

At the least skilled level -- operators in,sheet metal, 

pumps and valves and certain large batch airframe 

manufacturing plants no programming or éâiting by.the N~ 
. 

operator occurred. 

Such deployment-patterns suggest tW(t th~re is no' 

qommon manning arrangement required by Ne technology, and 
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that management have not used the spread of the technology 
. 

to impose one ; that plants with concentrations of highly 

skilled workers such as tool and diemaking will continue to 
t' 

employ such workers in conjunction with NC machinery, while 

sheet metal and other plants with low skili workers will 

continue hiring at this skill level for NC operators. The 

existence of illici~ arrangements undermining "programme 

integrity" provides yet another r'eason for thinking that the 

formal principle of managerial control over this key part of 

the Ne labour process is not an inevitable accompanime~ of 

the spread of NC. 

-
This lack of management control, moreover, probably 

owes its existence and likely persistence at least às much 

to inefficiencies and C0sts of strictly imposing, the policy ~ . 
as to craft consciousness of metalworkers: Future research, 

then, ma~ discover deskilling at~the formal organisational 

level represented by management rhetoric, flow charts and 

organizational definitions, while skills at the shopfloor 

levèls may have cOhtinued at the-same levei or even 

expanded. \ 

iii) The persistence of engineering management's 

references to shortages of particular categories of skilled 

labour sugge?tithat NC-has not reduced the demand for the 
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traditional groups of metal working skills such as welders 

and toolmak~rs. Moreover, the spread of Ne has not 

generated much demand for new skil~ategories such as~c) 
programmers or _{ne) opera tors . While the intensi ty of labour 

, 
shortages varies with the business cycle in engineering~and 

rnetalworking, and is felt most by smaller firms less able to 
, 

provide premium wages, it is the traditional metalworking 

skills that remain in shbrt supply. If deskilling were a o • 

product of technologie al change ~me would 'expect the 

disappearance of such skill demands. 

Interestingly enough, the firms in my sample have not 

made either significant capital or -human· capital" 

investments to overcome these shortages. These firms have e 

not introduced capital equipment to reduce their complement 

of skilled labour, Dor have they developed-training 

programmes and apprentieeships to overcome skills shortages. 

Far from having any strategie approaches to the labour . ;; 

force, my sample of managem~nt tended to -muddle alonif~ and 
~ 

just eope with labour shortages, training deficiencies and 

deployment. 

iv)' This' lack of strategie orientation-was adequate 

because the labour force itself did not pqse any significant 

challenge to the -right to manage" in connection with 
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technological change. The installatio~ of Ne did not 

generate any major disruptions to labour-management 

relations. In only 8 firms did the introduction of NC 

create any labour relations issues at all. No signjficant 
• If' 

conflicts emerged in relation to job skills 1 al thou,gh minor 

frictions did occur in relation to job classification. Ail 

of the incidents of labour-management friction were 

characterised as "normal" by management and non& involved 

major objections to Ne installàtion and use .• The bulk of my 

informants suggested that Ne technology~was accepted by the 

labour force and, indeed'l working with it had definite 

attractions for younger metalworkers. Man~gement does not 

need strategie .~lans to deal with worker re~ance to 

teehnical.ehange because sueh resistance rarely occurs. 

AlI these responses sUggest that: first, in the 

.adoption of Ne technology, labour deskilling concerns are 
, " 

not salient among management, although ~abour shortage 

problems were oecasionally a factor; second /' in the eyes of .' \ 
management NC is not a labour-saving tec~nology either in 

\. 

terms of significan€ly redueing overall levels OF employment 

in each plant or in terms of(~edueing the proportion of 

skilled workers required; third, even w~ere Ne is used in 

combination with unskilled workers, more rigorous 
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recruitmen~ and selection of the labour force becomes 

necessary so that there i,& actually an in~reased dependence 

ot the management on the resp.onsibility and trustworthyness 

of the labour force. 

( 

Ne and Innovation-Diffusion An~lysis 

Introcfuction 

The relationship betwe~n my findings and innovation­

diffusion a~alysis is rather more complex than their largely 
\' 

disconfirming relaticnship with labour process analysis. 

'l'he concern of many economic wri ters on innovation and 
• 

diffusion i8 to establish the endogeneity of technical 

change (Stoneman 1983 , Chapter 4) , to deve~ measures of 

the rate of technical change (Romeo 1977) , and to specify 

the direction of technical change in terms of type and 

amount of factor bias (David 1975, Habakkuk 1962). While 
. 

there appear to have been significant advances in extending 

formaI, quantitative economic models to the analysis of 

innovation, diffusion and technical change there is still 

considerable dispute over the empirical adequacy of these .... 
mod~s (Stoneman 1983,Chapter 5). Thus Gold and others have 

argued that most economic analyses of innovation and 
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diffusion bperate at to~ high a level of aggregation, ignore 

the variety of factors affecting management decisions about 

productive technology, and minimise the obstacles to 

optimization in the adoption and utilisation of production 
.. 

technology. Consequently, the complexity of innovation and 

diffusion processes, invol ving the interaction of firIn 

characteristics and differences in managerial risk 

evaluation, tactics and strategies is overlooked. 

Endogeneity and Ne Diffusion 

As Noble' s history of the ori~ins of NC makes clear 

" 
(1984 Chapter 4 ), this ,-:-echnology( originated with the 

exogenous" requirements 2>, the ~Jited State' s Defence 

l ' / 
Department. The initial u~ers/of Ne machinery were major 

. ' aircraft pnd and missile manufacturers whose equlpment was 

heavily subsidized by the United States' Airforce, at the 

time the sole customer for Ne products. However, the spr~ad 

oT jet technology to civilian air transportation opened up a 

broader use for Ne equipment, although still within the 

single confines of the airera ft industry. The late nineteen 
." 

fi'fties and early sixties, in particular, was one of both 

expansion of demano for ci vilian air t;ansportation and the 

replacement of the last generation of propellor driven 
Q 
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aircraft by ) et turl?ine powered craft. This period, then', 

./' ' 
saw the development of the first generation of commercially 

available "NC machine tools designed to fabricate airframe 

and engine parts for jet aircraft. 

By the late nineteen sixties the aircraft market had 

been saturated, and replacement parts rather than fleets of 

planes were more in demand. At the same time the\ 

performance capabilities of NC machine tools in airera ft 

manufacturing were publicized in trade and engineering 

journals. Thus machine tool manufacturers ~ere being forced 

to look to new markets at a time when information about the 

new technology was begi~ning to becbme widespread across the 

engineering and metalworking industries. Changes in raw 

materials used, ïncreases in the priee of conventional 

machine tools, and skilled labour shortagero aIl played a 

pàrt in causing sorne engineering managers to consider the 

potential of Ne technology for their industries. The late 

19608 and early 1970s, then, witnessed various firms working 

with NC mânufacturers to develop machinery applicable to 

specifie manufacturing processes, an~the deve~~pment of 

simpler, easier to programme NC tools such as drills and 

lathes. These processes generated a second generation of 

more widely applicable machine tools involving simpler 
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computer programmes and controls. 

By the mid-1970s onward, changes in microelectronics 

began to transform the entire computer-control aspect of Ne 
\ 

technology by rendering programming and '~9ntrol of NC tools 

vastly simpler, more flexible, cheaper and more reliabl~ . . 
At the same time European and especially Japanese machine 

tool builders began to compete with the established American 

firms, introducing smaller machines and the more versatile 

machiding centre. Bath the changes in the electronic 

controls and in machine size and designs rendered Ne 

machining-accessible ta an even broader range of engineering 

and rnetalworking firrns. At the sarne tirne, engi~eering 

design changes, the use-of new materials, and the rise of 

new industrial procedures, together generated demands for 
, , 

machining techniques capable of producing engineering parts 

to refined tol~rances, of great geometrical cornplexity, from 

diffiçult to machine materials. The cornbination of the J! 
changes in computing and controls, and these broader changes 

in engineering practices and products led to the ernergence 

of the third generation of NC machine tools -- versatile, 

general purpose tools capable of many manufacturin~ 
. 

applications, controlled by shopfloor microprocessors or by 

direct computer link. 
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The origin and diffusion of Ne machine tools, then, was 
1 

a process of "endogenization" from the original exogenous 

requirements of the United states' Airforce. The 

development of Ne technology involved lengthy trial and 

error searches 'in wh~"sp-"4.he American government and then the 

aircraft industry bore the "burden of the first user" (Dosi , 

1984, p. 71). Each stage of diffusion invol1ed a movement 

away from a ~ituation of exPlrratory technology and 

uncertain markets to progressively more established and 

familiar technology with ever broader applications. 

Information Gathering 

Despite much analysis of the vagaries of information in 

many other areas ot economic decision making (Machlup 1984), 

diffusion writings tend to use economic models of firm 
. 

behaviour assuming rational decision making based upon 
r 

adequate information. For example, Mansfield'p model of 

diffusion ,assumes that firms make correct assessments of . , 
(i.e. they kno~) the profitability of particular 

innovations. However, my findings suggest that knowledge 9f 
1 ~ 

new technology is imperfectly distributed 'across engineering . , 

fi!ms; can be gained only with sorne effort and therefore 

cost which only sorne firms can or want to incur; and that 
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the adequacy or reliability of that knowledge changes with 

the spread of technology and in conditions associat-ed wi th 

that spread. 

Thus with respect to information gathering in relation 

to general monitoring of production tech~ology and to 

acquisition-related information, significant imperfections 

and costs are found. AIl firms tend to use the cheapest 

sources of information in monitoring the general state of 

productive technology. But when planning equipment 

purchases, larger firms are able to incur the larger costs 

involved in reviewing wider sources of information. With 
J 

greater resources, thev are able tO seek out information 
i _f>pr~ .. + / 

-and" especially, to check on couPt'erpart installations. As 
'tt.~" ~ 

well,' they possess enough engineering management personnel 

to carry out systematic pre-adpption s_tudies witnout 10s5 of 

managerial input to regular production. Small firms are 

dependent on fewer, more accessible sources, and are more 

concerned with the p~ice of machine tools and quick delivery 

of equipmept :1'facilitate contract bidding. Consequently, 

small firms ar~ more susceptible to accidental ~ther than 
, 

systematic choice process~s. 

All of these patterns can be accounted for by orthodox 

cost minimisin~, optimizing models. However, their are 
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important constraints on optimising technological choice. 

These constraints are particularly marked in the case of 

small firms which are most dependent upon the least costly 

of all sources of information -- salesmen and their 
.. 

brochures, most isolated in terms of resources drawn upon to 

make acquisition decisions, most vulnerable to cost and 

supply considerations, and to haphazard selection processes. 

Over half (35 out of 60) of the sample o~ firms 

experienc~d\problems in the course of adopting Ne tools in 

their pl~nts. A major element of these problems was 

unrealistic expectations and sheer ignorance of what to 

expect when using Ne tools. Experience with the technology 

-- ~earning'by using -- was a major factor in the 

development of realistic evaluations of the utility of the 

technology. Two processes were associated w~th this 

learning by using. The users developed a more precise sense 

of how the technology could work profitably for them. The 

machine tool buitders could then redesign and modify their 

products for a better fit between ~sers' requirements and 

specifications as the latter experience and record their 

problems. However, these learnin~ processes were often 

lengthy and costly. In 7 cases ( 6 pre-1974 installations 

and 1 post-1974 installation) 'major errors in machine tool 
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choiee or severe difficulfies in machine performance and 

reliability occurred. This group included firms of âll 
, 

sizes drawn from in most of the branches of engineering and 

metalworking. Sorne of thes~_~~nds of problems still exist 

in sheet metal because of the recency of computerisa~ion in 

that field. But the period in which major difficulties -

occur is now a matter of months rather than years as was the 

case with early nc users. 

The pro~lems of availability and reliabiolityÇ 

information thus diminish ~ith the spread of the technoloqy 

and the devel0pment of a better fit bet~een machine tool 

builders' designs and users' requirements and 

specifications. However, the process of improvement in 

machine tool designs introduces a different kino of 

uncertainty in technological adoption decisions -- that of 

deciding whether ~o adopt sooner or wait for further 

improvements. 

In the face of uncertainties of performance and lack of 

extensive information, the initial adoption of ~C thus' 

tended to be of a risk-~~nimising character. In oth~r 

words, NC~adoption was often tied ta a specifie contract 

which would cover the p rchase priee of the machine i or the 
.. 

machine to solve a very specifie production 

~8 
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bottleneck in the context of rising demand-. In the case of 
, 

the aerospace industry large contractors often guided small 
" 

subcontract'ors in the initial acquisition of the technology, 

so that sorne of the risks associated witij inexperience-were 

.largely eliminated. 

The Supply of Technology 

Diffusion analysis has tended to emphasize innovating 

firm behaviour, or characteristics S~Ch~ size, market 

position, mana,ement education, etc., leading sorne firms to 

adopt innovations before others, i.e. the demand side of 
}' 

teçhrtic,al change, Recent wri telS's, els'pe~ially Goid and 

Rosenberg hav~ tended,to emphasize the supply side aspects 

of diffusion -- the conditions under which technolGgy itself 

changes so that it has wider applicabilitYi the impact of 

learning by using on the diffusion of technologYi the coming 

together of diverse streams of technical changes merging ~o 

produce ~ove~_techniques, and so on. An older literature on 

. the machine tool industry in the United states also suggest 
( -

that slumps 'in the demand~for manufacturing equipment forces 

machine tool builders to develop new machines with improved 
, . 

designs and wider applicability in an attempts~to Tevive 
) 

sdgging markets for their products (Brown, ;957i Wagonner, 
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1966, Chapter 2.) 

My interviews i~dicate that the spread of NC 

technology in Canada is a result of the intera2tion of 

several such factors including supply and demand. The 

supply of NC technology altered in the,late sixties with the 

end of expansion of aerospace demand for Ne tools and the 
• 

rise of Japanese machine tool exports. The end of the 

aerospace market expansion led machine tool builders to, 

cultivate other sectors of enginee:t>ing and metalworkin~~",_ 

pQ>tential NC users. The Japanese machine tool industry ~ 
accelerated the diffusion of-Ne outside ae10space by 

introducing smaller and more flexible machines adaptable to 

a wider range of.production applications. A major 

bre~kthrough occurred with the coupling of mic~o- computers 

with NC machine tools which vastly sirnplified and speeded up 
. 

the preparation of machining programmes and made a wider 

range o~ programmes possible. 

While these changes in the supply of Ne technology took 

place, changes in engineering product designs and matêrials 

-altered the demand for NC machining. These changes required 

higher tolerance machining and/or machining Qf mq~ 

recalcitrant materials than used hitherto, both of which 

were suited to ne manufacturing. At the same time these 
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shifts in the demand for engineering' and metalworking 

products took place occurred in a general eco~omic context 

of expansion, relative ease of capital funds, and labour 

market tightness, all of which were positive influences on 

NC adoption. 

The ,Economie Context of Diffusion 

Changes in the latter conditions, and particularly the 

1982 recession and helghtened international competition in 

industrial productg , have probably slowed down the overall 

rate of adoption (Canadian Machinery and Metalworking, March 

1983). However, in.certain industries such as agricultural 
.." 

equipment and automobiles, the resulting market pressures 

have led to the need, for greatér variability i~product 
lines, shorter lead times, and greater responsiveness to 

1. 

shifts in market demands .. In the search for more variable 

'and f~exible manufacturing 'systems, then, sorne mass 

pr,oduction industries are tryi.ng to incorporate NC 

technology in order to obtain greater flexibility in their 
, 

,manufacturing systems. In other industries, NC technology 
\ 

is being rèconsidered as a potential future labour saving 

technique to reduce the'need to expand the core of skilled 

labourers required when demand increases again; while in yet 
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others NC is being abandoned as large and medium firms 

rationalize their operations by specializing in mass 

production and gubcontracting out the variable,' small batch 

runs to smaller enterprises. Ne technology is also being 

used by firms that are responding to market pressures by 

moving uupscaleu to higher precision engineering product 
1 -

markets. This was a response found particularly in a few 

medium size sheet metal shops and small general machine 

shops. The latter, along with edm die shops have also 

deve~oped a strategy of identifying very particular niches 

io the engineering product markets with limited competition 
t-

'and accessibili ty to small firms wi th limi ted f inilnciâl 

resources. 

Technology and Management strategy 

\ 
In Chapter 3 l suggésted that my interview responses 

qoiÙ"d'indicate whether industrial management might have a 
, 

strategic orientation to technological'change. For labour 
" 

process writers technical change is part of a strategy to 
~ 

control and subordinate lqpour; for innovation and diffusion 

writers technical change is ~he result of management's 

optimi'zing choiqes between different factor combinations. . , 

With re~pect to the latter, Freeman (1982, pp.169-183) and 
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GQld (1978, pp. 185-186) h~ve argued that optimising rnay be 

pursued by using different technolègic~l adoption strategies 

ranging from pioneering innovation to laggardly imitation. 

At the level af management l interviewed, technologica1 

adoption and .utilization decisions were largely conceived in 

operational engineering and production terms rather ~han in 

any broader strategic ones. From an operational perspective 

profits were seen as an autornatic byproduct of good 

engineering practice or successful solutions 9f engineering 

production problems. That is, optimal cost-profit estimates J 

were assumed to correspond with optimal engineering 
,,~ 

speci f~cations. 

The consistent emphasis throughout my sample of 

inforrnants was the mundane orie of getting the Job done most 

--veclo-ffi.ciently -L i.rl a satisficing sense) and of meeting the 
---------,----- -~--- :....- -------

contra ct quality and deadline requirements. ~trategic 

thinking in terms of systematically attempting to be a 

technological pioneer, or of ~ollowing a pioneer to 
, 

mini,mise the risks of innovation etc., were absent in aIl 

but a 'few large aerospace, and telecommunications firms. 

Hence the justifications for adoption of Ne were 
, 

overwhelmingly technical and operational, and, they varied 

with batch size and characteristics of the product 
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manufactured. Consequently, respondents from larger firms 
. " 

emphasized NC's advantages in terms of minimising down time, 

respondents from pumps and val ve~ and s~~t metal" firms 

emphasized the need for quali ty 1.,mprovem~ts in bhe 

products, while die and mould and aerpspace firms' 

. " 
" 

respondents point to de~ign complexity and recalcitrance of 

materials as major factors in Ne adoption in their seetors. 
\ " 

Apart from unreeognised gaps between satisficing and 

actual NC u§e (for example, as in those plants where illidit 

shopfloor programming breaehed management's "programrning 

integrity" ideals), many informants openly admitted t;hat 
o 

their utilization of NC teehnolo~ was less than optimum. , ... 

The worst case wa& that of the printing plant (discussed on~ 

pp. 197-:t03 ), but others, included an agric,u1.tural equipment 

plant unable to replace its aging equipment because ofo 
j V "J 

severe market decline; a sitUation whieh had led to plant 
c 

closings and the accumulation of an increasingly 

heterog~neous miscellany of obsolete equipment in the 

surviving plants. Other cases ranged from a large' , 

teleeommunications firm in ~hlch a plant manager had 

purchased equipment a~b~rgain priees which, in the long 

term,had proved increasIngly expe~sive to maintain, to a 

- " 
"small, highly sp~cialised aerospace fi~m which had had to 

'\ 
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,purchase a particular rnilling machine hurriedly in order to -get a contT~et, only to find that rnany of its design 

features were seriously flawed. Yet the firrn could not 

afford to purchase' a subsequent model without rnost of these 

flaws. In aIl these cases problerns were ';"coped" wi tcll and 

solved on a to day basis and the suboptirnality bf the 
.J" 

situations accepted as an inescapable burden in the 

t;i tua tion. 

In genera commitrnent to NC operations did not 

necessarily involve continuous upgrading to keep up with fhe 

rapid changes in nc teqhnology. Ne equiprnent was amortised 

on the sarne baSis as- convention al machine tools, with the 
".,. ... ') 

tool's life averaging 5-8 years' of sery~ce in production. 

Consequently Ne machine tools' production lives exceeded 

that of their "design' lives· (2) to a far greater degree 

than was the c~se.with conventional machinery. However, 

~ost of the upg~ading in Ne technology has centred on 

programrning and the control systems while the mechanical 

hardware ha~ altered much more slowly. Even so, a few 

firms, including sorne in the aerospace sector have retained 

manual programming and punched tape controls virtually 
1 

unaltered since the early 1970s. 

Throughout the entire period studied, patterns of 

) 
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adoption remained conservative. The predominent pattern was 

one of ·one step at a time H installation of a single Ne 

machine tool t9 solve a spe~ific bottleneck in production, 

or to meet a particular contract,etc. In all these ways NC 

machi~e tools existed as a specifie solution to a specifie 

technicai production problem. Wholesale equipment 

upgrading, or the assumption that NC was the "waye of/' t.he 
7 

future" or other forms of speculative pioneering with NC 

technology occurred 0n1y in exceptional' ahd isolated 
{ 

instances .. Nor did NC replace traditional mass production 

technology. In several pl~nts it remained an isolated 

application in a mass production operation. In at least two 

cases companies were eliminating their Ne oeerations and 

~ ~ontracting out the variable productioQ operations for which 
Cl 

~ pc 'was required. In these cases specialisation in mass 

o 

production rather than increased flexibility was the 

strategie response to market uncertainty. 

Con élus ion 

The most general fin ding which 1 would like to 

h 
/ . 

emp aSlze is that the terrn uNC technologyU as ~ homog~heous 

" 
and static entity covers up. the real diversity and 

ù 

complexity involved in the adoption and use of Ne machine 
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, 

tools. In over two decades of diffusion in Canada, Ne 

technology evolved from a largely aerospace related 

technology, characterised by cumbersome controls and 

difficult to use computer pr~grqrnmes, ta a general 

metàlworking technology controlled by increasingly flexible, 

easy to use computer systems. In evaluating its potential 

management in different branches of engineering and 

metalworking used different ope~tional criteria to assess 
() 

it. ~ NC tools became used in a great variety of ways ranging 
o 

from very special purpose, virtually automatic mass 

production operations to very flexible and diverse 

applications in custom and prototype precision machining. 

Long term patterns of intra-plant diffusion also varied 

enormously from isolated application to very particular, 

unchanging production tasks, ta creeping displacement of 

conventional" machining. My sample also included firms wi th 

"stalled" applications of NC tools, and mixed successes and 

" failures with different NC machine~tools, as weIl as a few 
\ 

cases of retreat from NC to conventional mass production 

techniques. 
'. 

Close attention to the characteristics of the 

technology of production in engineering and metalworking is 

'1 necessary to understand such di versi ty . As the technical 
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requirernents of different en'gineering firms vary, sa do the 

reasons for ~dopting and using Ne equipment. Traditional 

diffusion analysis+has not investigated production 

technology ~n enough detail and while it can model. rates and 

patterns in the aggregate it is less able to explain 

interfirm differences in adoption and use of new technology. 

Future diffusion research, then, will have to be more 

precise about industrial technologies, 
, 

in order ta 
Q 

understand the range of Htechnological expect~tions· 

(Rosenberg, 1976) which affect management, land the range of 

technologica~ practices within industrial sectors. 

A second implication of this diversity for research and 
~ 

theorizing about technology is that technological changes 

probably differ considerably across different industries, 

and that the characteristics of technological change ha~e ta 

be empirically investigated for a variety of industries 

rather than generalized from a narrow range-of industries. 

Labour proc~ss writers, in particular, have tended to commit 

this error -- Noble u~ing the defence aircraft industry as 
" 

his model, and Shaiken using the the a~tomotive industil -­

although Gold has pointed to this'as a problem in eco~ic 

diffusion research alpo (1977, p. 189) . . 
A third implication for research and theoriziag is the 
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need to take account of shifts over time with respect to the 

diffusing technology. As a new technology spreads, learning 

_"y~.isrrrg\ occurs which is cornrnunicated back to to the 

equipment manufacturers, and through a variety of interfirm 

contacts. These experiences and communications result in 
, 

improved machine designs, and the accumulation of experience 

rjrUlting in better and more diverse utilization o~ the 

equipment. Associated with theie changes, maintenance and 

other adjunct operations also tend to be improved, lessening 

the costs and obstacles ta diffusion even further. The 

resul~ of aIl these developments is to broaden the market 

for the equipment and to usher in more rapid diffusion, and 

to shift from highly uncertain conditions of 'technological 
, 

choièe to conditions of much~reater certainty. However, 
o 

these changes do not affect firrns in the same way or at the 

same time. Thus large firms could bear the burdens of 

programmlng comptexi ty associated wi th the firllilt generation / 

of ~c kquipment. But h~ving established programmdng 

depar~ments they were not interested in the latest 

generation of Ne eguipment which have micro computer 
... 

controls built into them 50 that they can be programmed on 

the shop floor. However, tool, and die shops were very·rnuch 

attracted by these rnodels and became prominent new consumers 
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of ne technology. 

Aècompanying this spectrum of use is a geat variety of 

manning patterns ranging from skilled uNe toolmakers· 

responsible for programming as weIl as operating Ne tools to 

semi-skilled or unskilled machine operators responsible only 

for loading and unloading Ne tOols. This variety undermines 
. 

those -theories which argue that micro~electronic technology 
~ 

is one with significant deskilling consequences (Braverman, 

1974, pp.'196-206, 244-245 Greenbaum, 1979). From the 

management reports 1 received Ne technology appears not to 
~ 

have eliminated the need for highly skilled work, nor to 

have caused significant shifts in the skill qomposition of 

the engine~ring and metalworking industries' labour force. 

Moreover, the diffusion of Ne technology has .pot yet 

increased the size of the uindustrial reserve army: by 

creating technological unemployment. Unemployment is much 

more intimately connected with the state of the markets for 

engineering products than with technological change. 

o The range of managerial evaluations, Ne machine tool 

production applications, patterns of intra-firm diffusion, 

and deploy~ent or manning patterns, present,a picture of 
y 

~iversity and complexity which cannot be adequately 

eneapsulated in the unitary conceptions of teehnological 
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change currently circulating among those writing about -the 

computer revolution- or -the microelectronics revolution.-

As was seen in Chapter 4 the evolution of computer 

technology interacted with different techhical and market 
1 

developments in each branch'of engineering. NC technology 
, 

developed in the context of ever' changing technical needs 

and market demands specifie to the diverse branches of 

engineering and metalworking. There was no single, unified 

or homogeneous technology which was exploited throughout 

engineering to solve identical problems ~f manufacturing. 

Rather, NC technology was itself changed rapidly as it was 

adopted at different times, under different market and 
~ . 

teehniçal conditions, to perform different tasks or to solve 

different production problems. Consequently general models , 

of diffusion or of the impacts of, diffusion (as in the 

deskilling hypothesis) drastically oversimpllfy the actual 
o a 

condi tions and processes of technolog ical change in the'" -
.... ~ 

economy and obscure those changes which are of such central 

concern today. 

l. 

Footnotes. 

It should be emphasized that labour process writers do 
not have clear evidence ·of dèskilling. An excellent 
critique of Braverman's treatment of skill is round in. 
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Lee (1980). A recent collection of labour process essays 
does concede that the deskilling model is far too 
simple to account for changes in the nature of work 
Canada. See Heron and Storey (1986), Chapter 1. 

2. By "design life" l mean the period during which a machine 
tool's design is stable. While changes occurred in sub­
components between 1920 and 1970, the basic,conftgurat­
îon of the 1athe, horizental and vertical mill, and radial 
drill remained unaltered. During the 19708 independently 
powered double chucked lathes, multi-tabled milling 
machines and machining centres were introduced as part 
of the changes associated with the development of Ne. 
These were fundamenta1ly new machine tao1 configurations, 
and not just changes' in ~ubcomponents of a stable over~ll 
tool design. 

• 
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Appendix A 

The Sa.ple: Baste Charaeterfsttcs 

Sect or Location Eir. Size Unionized Period--à-f-_Ftrst NC Nu.ber of NC Too15 ~ 

Ont./Quebec lOO~lOO-400 500 Yes No Acquisit.ion 1985-86 fit Pre-1974' 75-80 1981+ 2 5 10 20 20 

AerospiCe 5 10 7 4 4 8 11 4 0 Z 1 4 5 3 
(15 fir.s) 

Electrica1 3 5 1 3 4 6 Z fi 1 0 0 4 1 3 0 
t (8 ffras) " . 

\...J 
Ofe , Mould 3 3 5 0 5 2 l - 2 l 1 0 0 

-..J (fi tiras) 
J \...J 

Sheet -Het al 5 1 2 4 0 3 3 
(6 firas) 

4 1 "1 3 2 1 0 0 

Pu.ps/Valves 3 3 4 0 4 3 -~ 0 0 1 3 0 
(5 tiras) -... 

Transport· 5 1 0 l J 
(6 ffras) 

6 0 4 1 1 1 1 

Industrtal 
Equf p.~nt 5 5. 2 6 2 6 
(10 f f rlll S) 

4 6 3 0 2 Z . 5 0 

Agriculture 
and lUliber 4 0 0 3 3 

i (4 firu) 
1 2 1 0 0 0 1 2-

Tota ls 33 27 21 23 16 34 26 37 17 5 10 14 17 12 6 

"- • One auto.otive plant was planning to 1nstall 
NC equ1pllent on the asselllbly line. but had 

*" 
no NC tools in use at the til11e ot the interview. 
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Appendix B 

The Sample: Company Charactecistics 
~A~riculture & Lumber 

) 

Production 
Runs 

Number of 
, Empl oye'es 

Employment Impact- Union Date of Current No. 
of IS2-

1 &b Recession Status First NC of NC tools 

Agricultural Small batch 1,000 Peak of 1400 in 1980, Union 
, de c lin e d t 0", 7 5 0 i n 

1965 30 machinery. discs 
and forgings 

Agricultural 
machinery J 

Trè'e harvest i ng 
& pulp mill 
equipment 

Early ~980 me~ium 2,500 
batch, now smal1 
batches up to 15 

Smal1 batch - 6-8 250 
sorne pa rt s large 
batch 1.000-5,000 

Saw chains & bars Mass production 614 

" 

1981-83 ~ 

Declined since 1982 

Declined 1981-82, 
increased 1983 o~ 

"-, 

,. 
Union 1974 

Union 1969 

Peak of 640 in 1981, Ao Union 1978 
re~ctiQn of engin-
eering staff since 
then. 

24 

6 

14 

~ r 
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COI1l-
pany~ Product Line 

1 Specialized ne 
machines, adjunct 
equ i pment, so'ft­
ware, testing 
equipment 

Appendix 8 

The Sample: Company Characteristics 
Industrial Equipment 

Production 
Runs 

Humber of 
Employees 

~ 

Cu st om -' 1- 0 f f 24 
if. _ 

--, 
..J...)"><, 

t~'\~ 

Employment Impact U~ion Date of 
of '82-

1
84 Recession Status First NC 

Gradual expansion No Union 1972 
since 1972 establish-
ment 

1,. 

2 .Large mining Custom - l-off 500 Stable since 1980 Union 1964 

Curren~ No. 
of,NC trols 

5 

% 

9 J machinery, hydro 
~ turbines & generators 
~ 

3 Plastic iftjection Custom to small 
moulding machines batch - 1-10 

400 Continual growth 
since 1980 

No Union 1978 

4 Swaging machinery Small batch - 2-10 100 Return to 1980 level No Union 1969 
Declined to 32 in 

5 

6 

"1 

Printing 
machinery 

" 

, 

!;.~ 

Custom - l-off 

Sleeves, bushings Large batches of 
and rollers bushes & sleeves, 

minimum roller 
batch of 100 

Repa i r shop. & 
tool room 'repai rs 
machinery"makes 
special machinery 
and spare parts. 

Highly variable 
1 - 1,000 ' 

1982. 

200 Slight increase since Union 
1980 

100 Decline from 160 in Union 
1980 

700 Down 
(tool- ,1984 
room) 
1,000 
(plant) 

"" 

'~ 
• 1 -'. 

because of 19frl- pnion 
layoffs 

~ 

\ 

1975 

1974 

1'970 

9 
rs-

6 

2 
1t 

2 

8 '3 
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, Com­
pany 

8 

9 

-
10 

~ 

Product Line 
'1 

Elevator & 
~onveyor machine­
ry 

Wood pul pi n'y' 
machinery 

Precision gears 
for heavy 
industrial uses 

/) 

Appendix B 

The Sample: Company Characteristics 
Industrial Eguipment-

c;~ . 

Production 
Runs 

i 

Number of 
Employees 

Employment Impact Union Date of Current No. 
o f 1 82 - 1 84 R e;;-e s s ion ,S t a tus F i r s t Ne 0 f Net 0 ols 

Medium batches 300 

Machines .' 1-off 350 . 
Parts:.small to 
medium batches "' ... ,:::. 

~ry small batch 43 

.... 

Down from 800 in Union 1970 
late 1981"but due to 
pla~t rationalization 

Decline since 1980 

Slight growth since 
1980 

.... 

.' 

Union 1964 

No Union 1975 , 

\ 

9 

15 

3 

~ 
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'Appendi x 8 

The Sample: Company Characteristics 
Transportation Eguipment 

~ , 

d 

... 1'/ 

COAI-' Production 
Runs 

Humber of 
Employees , 

Employment Impact Union Date of Current No. pany Product l1ne 

1 

2 

3 

Diesel locomoti- Smal1 batch 
ves. transit 
coaches & power 
unlts, repair parts 

Pressure al um-i­
nium die castings 
mainly for the 
automotive 
industry 

Small to medium 
ba t cttes- . 

Automotive jigs, Small to medium 
fixtures, machi- batches 25-300 

parts & repairs 

500 

250 

18 

of '82-'84 Recession Status First NC of NC tools', 

.Decline from 1978 
peak of 1800" 

Growth from 90 
employees in 1980 , 

" 
Slight growth since 
1980 

Union 
c., 

Union 

Union 

1964 19 

1983 2 

1964 9 C~r 

·4 

nery. replacement l 
Transmission Hass prDductlon 1500 Decline sJnce 1980 '\ 

5 

,parts & assemblies·-. 
'for cars, 0 

Railroad freight 
cars 

Small-medium 
batch 

6 Rallroad b-ralcing )Sinall tO,medium 
equipment batch - 20-500 

• 

( 

4 

200 

220 

~ 

" 

pecline from 1980 
peak of 1300 

Ç) 

lowest employment 
level since 1968. 
350 in 1980 • 

" 

Union 

Union 

Union 

Under i 
Consi- -.J 
derat i on 

1969 

1973 

4 

21 

\ 
i 
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Appendix B 

The Sample: Company' Charaeteristies 
Pumps & Valves 

H 

t;. 

Conr~ -- -
pany Product Line 

Production' 
Runs 

Number of 
Employee.s 

Employment Impact Union Date of Current No. 
of 182- 184 Recession Status First NC of NC to'ols 

,-~-- ~~-~~~~ pulp, Small to medium 50 
.' paper & min1ng . batch - 10-200 

ind~stries 

~-~ 

3 

w 
Ci, -4 

s 
f 

Safety release 
valves 

Pipe valves & 
fittings 

VaeuumJ& centri­
fuga l, pumps & 
parts 

Small valves:1-300 40 
large valves: 2-2Q 

1 - 0 f"f tom e d i ,u m 
bateh 

40 

1-off to medium 50 
batches ~f pumps; 
parts' in small to 
medium runs - 10-500 

Industrial v-a l ve s " Sm a l 1 t 0 l a r 9 e 300 
éI 

-" ." 

"'" 
~ 

J...:-'batch runs of 
~ valves - 5 - 10,000; 

mass production of 
sorne components 

, 
,; 

1 

1 

No information . No t:J:ll ~o n 1971 

Stable sinee 1980" No Union 1976 

Down from 60 in 1980 Unton 
During 1982-84 down 

1970 ' 

~o 25 

o 

'Stable since 1980 No Union 1975 " 

Stable sinee 1980 Union 1970 

~ 

['" 

" 
• 

.' 

-7 

5 

9 

8 

"\ 

16 

" -? 

., 

• 
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Appendix B 

The Sample: Company Char~cteristics 
Sheet Metal 

• 

Product line 
1 

Metal furniture, 
cabinet~, elect­
rical housings 

Production Humber of 
Runs Employees 

~mall to medium 120 

Employment 
of '82-'84 

Grown from 
reduced to 
1982-83 

, . 
Impact Un40n Date of Current No. 
Recession S~atusl First NC of NG tools 

80 in 1980 No Union 1972 5 
5-100 

Perforated sheet, Smal1 batch 
grids and grill 
work 

Electrical and 
machinery hous­
i n 9 s, f u ,r nit ure, 
industrial 
doors, hatches 

Electr~nic tele­
communications 
equipment hous­
ings, industrial 
frAmeS & clbinets 

Custom, small 
batch. Occasional 
medium batch up 
to 200 

Small ta medium· 
batches - 2-300 

• Q 

140 

35 

75 

Steel pi~es, M~ss production of 350 
pressure vessels pipes & fittings. 
& fittings for l-off to medium . 
food, beverage, batches of pressure 
brewing, petro- vessels 
chemicals, pulp 
and paper industries. 

Shelving, indus- Large batches of 210 
trial cabinets, shelving, small to 
frames & hatches, medium other 
electrical & commu-
nications equip-
ment housings. 

~ 

60 i6 

Stable since 1980 Union 

Some layoffs 1981-83 Union 
Expan~ion since 1984 

1975 

1981'" 

fxpanded since 1981 No Union 1968 

Reduced te 175 in 
1983 

Union 1965 

1 

Sorne layoffs in 1984 Ho Union 19~9 

10 

4 

~ 

1 . 

1 

9, 

.. 

.--

~. 

/' 
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Appendix B 

The Sample: Company Characteristics .. 
~ Mould and Die 

Com- Production Numbe,r of Employment Impact Union Date of Current No. pany Product line Runs Employees of 182- 184 Recession Status First NC of NC tools 
1 Makes and repairs l-off 25 Grown continually No Union 1978 3 automotivtt dies 1980 .. , 2 Industrial dies l-off, very smal1 16 Stable since 1980 No Union 1979 3 batch .. 
3 Investment . ~ l-off 10 Grown since began in No Union 1982 2 costing moulds 1979 

,bj. w 4 Shoe moulds l-off" small 15, Slight growth since No Unio.fl 19\ 3 (X) . batches 1980 0 

5 Automotive stam- 1-off 80 . i>eclined from 110 Union 1983 1 p1ng dies. plas- emp.,loyees in 1980 
f tic injection .- - 7ou1 ds . 

.\-<> 'r-
Gradual 

6 > Blow moulds for Small batch - 1-16 100 expansion No Union 1969 6 soft drink oc c a 's- ion a 1 l y 
containers . 

medium-batch 45-100 - " 

'" 

l ' " 

~ 

" 
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• Appendix B 

The Sample: çompany Cha~acteristics 
Electrical & Communications Equipment 

Product Line 
Produ'Ction 
Runs 

Number of 
Employees 

Employment Impact Union Date of Current No. 
of '82-'84 Recession Status First NC of-NC tools 

Telecommunica­
tions switchgear 

Smal1-Medium 
batch 
5 - 5000 pieces 

Aircraft fuél Variable: ranged 
control systems· 20-4.000 aver.age 

100 

Flight simula­
tion equipment 

Power trans­
formers 

Aviation tele­
communications 
parts 

, 
I-ôff, custom 
production. rare 
small batch 10 
items 

l-off 

Repeated small 
batches 

80 ' Slight growth since 
1980 

No Union 1975 

120 Same as 1980 strength Union 
1982-84 down to 120 

Il 

2.600 Large layoffs in 
1983-84. 

" 

~nion 

330 Significant decline Union 
since 1980 

2.000 Stable ~ince 1980 Union 

1960 

1969 

1974 

19~ 

Telecommunica­
tion~ equipment 

Hostl.)' small b'atch 2.500 Oeclined since 1980 
occaslonal runs up 

Union 1967 

Transmission 
switchgear 

Satell ite trans~­
mission compo­
nents and 
assemblies 

to 1.000 

Small' runs up to 
200 'i tems 

l-off and small 
batch 

... 

~ 

200 ~ S14ght increase since No Union 1970 
1980 

85«1 Stable since 1980 Union 1973 

5 

14 

12 

6 

Il 

5 

t' 

5 

4 

., 

-
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Appendix B 

The Sample: Company Characteristics 
Aerospace 

f'\ 

~ 
Com- Production 
pany Prodact line Runs " 

Number of 
Employees 

Employment Impact URion Date of Current No. 
of '82-'84 Recession Status First NC of Ne tools 

'1 Wing, hydrauJic,<Highly variable 
motor compohents 1 - 50,000 

40 1981 80 employees unibn 1977 

2 Sml.ll preclston 
machine parts 

3 Executi~e jets 

4 Various smalJ 
aircraft 

Smal1 batch 
1 .. 1,000 

Small batch 

Sma11 batch 

-
1983-84 13 employees 

50 1981 35 employees 
1983 30 employees 

~ 
5,000 1981 7,000 employees 

2,900 Current level a 
return to 1980 level 
after 1981-84 layoffs 

1 

5 -Multitude of 
pre c i s ion p.a r t s 
and assemblies 

Single item, sma11 210 
occas.ionally 

Grew through 
recession 

6 Small precision 
parts for air 
industry, sur-
g i cal i n s t ru nie n t s 
other industries 

medium batch 
\ Sma 11 ba t c:h 

v ' 

'J 7 Ai rcraft l'ar)d- Small batch 
ing & other 
hydraul te parts 
for jets. Repairs 
for same. ~ 

8 Gyroscopic Custom 1-off. 
camera mounts for 
surveillance and 
traéking devices , 

15 10 in 1980 
9 in 1982 

,; 

45 1980 35 employees 
25 employe~s (in 1983 

manuf. 
shop) 

21 Steady growth of 
employment 

No Union 1977 

Union 1963 

Union 1968 

No Unio"n 1976 

No' Uni on .1971 
t , 

Union 1965 

-

No Union 1980 

• 

2 

9 

35 

17 

9 

9 

~ 

22 
.. 

1 

.- & -

• • 

------

# 
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Com-
_ pany Product li ne 

9 

10 

Il 

12 

13 

14 ' 

Air & military 
precision 
machine parts 

.. 
Small hydraulic 
& pump parts of 
aircraft fuel 
systems 

Air & mi itary 
small parts new 
lines of 'sur ical 
equipment 

A 

Aircraft & 
helicopter 
~ngines 
1 

Jet engine 
components.& 
mai ntenance" 

. 
Aircraft trans- . 

k 
, 

Appendix B 

The Sample: Company Characteristics 
Aerospace 

~ 

e.-:." ? 

~ 

<' Production 
Runs 

Number of 
Employees 

E m plo Y me n t 1 m pa c t Uni 0 n 0 a t e 0 f Cu r r e n ~ No. 
of, 1 82- 1 84 Re ces s ion St a tus F i r s t N C o'f N C t 001 s 

Variable -·proto-
type &"custom to 
large batch 

Average run = 
50 pieces 

Air-defense parts 
small.batch, sur-,. 
gical large batch' 

115 

100 

100 

Prototype & cùstom 8,000 
to large batch 

Sma~l to medium 105 
hatches 

0 

l-off- to large 500 

Growth since 1980 
with 90 employees 

Slight growth since 
1098.0 

Fi~ split as a 
result of disagree­
ment between 2 owners. 
Difficult to estimate 
recessionls impact. 

1981-82 large lay:-
offs; 
1983-slow gro~th 

1980 - 220 
- plant rational"ization, 

process 

S~able since 19~0 

"'-

Union 1968 14 

Union 1.965 4 

No Union 1965 15 _ 

" 

Union 1963 91 

. 
Unio!1 1967 14 

Union 
mission components b~tch 

1\967 14 

15 Airframe and Medium batches 70 Stable 1980-84, No Union 197.0 8 
wing parts 9rew 50~ since 1984 . 

8 
l' . , 
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