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Cette étude analyse la diffusion des nachines-quﬁils ;”

conmande numérique dans soixant firmes d'ih;énierie et dd‘.‘i. \
< wétallurgie du Québec et de l'Ontario. Les données v L
nécessaires 2 une évqlu?tion critiéhe gh°13analyse du
processus du travail et de la théorie de la diffusion s
économigue ont été obtenues iors d'entrevues avec les .
directeﬁrs de la prodﬁctionJ La décision de . ) 5
l'adnin%strition eﬁ ée qui concerne l'adoption de‘la"
técﬁnolégie{g cornande numérique est guidée ?ar des gritéres_ = '

> techniques, ce qui n'est pas le’c;s qé la théorie du

processus du travail, éependant,yla théorie de la diffuéi9n v . !
économique sous-estime l'ampleur du mangue de connaissances ‘
de 1'%ndu§ttie en ;atiére de ;6uve11e techhb;oqie, les colts w
et 1e‘£enps requis pour faire l'apprentissage dfune

technologie nouvelle, la complexité de 1'évolution

technologique, ainsi quéfia diversitée des applications et

4

. o ’
des méthodes d'utilisation d'une technologie particuli?re.

°

This study_anai}ses the diffusion of numericailly controlled
machine tools in sixty Quebec and Ontario enqineerinqgand

metalvorking firams, - Interviews with production manageaent
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provide the data for-a critical evaluation OE'Iﬁbour process

® ]

analysis and econoasic diffusion theory. Baniqéiéug‘

decisions to adopt numerical control‘techn&ngiaxw founq‘to\
be guided byAtechnicﬂ;ccfitaria, contrary to liyour process
theory. However, ecqnonié\éi;;}sion theGEyhis found ;o
underestisate the extent of inperfeétions of kho%ﬁedqe of .
new techhology in industry, the ;gngth and costs of learning -

to use new technoloéy, the cblplbgity of technaiogical

3 L
»

eio;uilan, and the diversity of applications and~methods of

usa of a particular technology. B
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- Chapter 1: Introduction(‘

' -
:,é‘\ v ke ' ' - AQ ° v
v N € * \ . ]

‘;m The techﬁoLogical developments assbciaged with the * vl

emergence of the‘microprocessorAhave generated an extengive ‘ g

RSN | v
!

Qiscussion about the cons ences of computerised ‘ -
gechnology.-;Projections of‘catagtrophic efflects on
-eM§4BYment levels (Jenkins and Sherman,- 1979; Nora and‘M;nch :
1980),'of%the rise of ﬁovel ﬁprms of sociai pathologiés —
@(Weizeﬁbaum,‘1976), and -of authoriﬁarian tendencies in . ) o
political and economic organiz@tion (Bodiqgton, 1973,
b Webste; and ﬁobips, L§81), of widespsead jpb diﬁéatisfac;ion "o
~and deskilling (Zureik 1983)5 have compgtea with utopian - ‘
h pictures’of abundance and leisure‘(Bell, 1974; Gorz, 1982). “Q ;. ‘ .

While>;uchlbf this 1iteréture often merely repeats the

~ ) _ -
pessimistdc speculations of the fifties’ debate over
» ‘ ol :

automation, some empirical/?nalysis is now beginning- to =

accumulqﬁe (1). Two liﬁes of‘%esearch‘in‘barticular have

focuéé& upon tﬂg»development‘and application of computeri;ed -

N ) ’ . - . - 4
fechnélogy in manhufacturing.~ The first 1line of research is

. ( thé established tr;éitibn of economic research on innovatio% ‘ o

, ;nd diffusion 15rgely originating with Schumpetér's ideas on

‘;:£usiness°cycles dnd the role of éhe entrepreneu

?

~ . R
+ (Schumpetér, -1939). The second line of re;EEFch is the . : . 2{,

e



> a

Marxist eociolqgical focus on the industrial labour process ;- ‘ \

‘inspifed by the work of Braverman 21974). In this study I

.

> o ‘n‘ . B
havé’attempted to evaluate, the diffusion and the labour

process theorles of technlcai‘change by examining the spread
of numerlcal control (NC) technology (2) in 60 engineering

and metalworklng flrms located in Quebec and Ontario.

NC technology has attracted. qons1derable attentlon

~
L

from both orthodox economlc analysts of dlfqulon and labour

‘process writers. I shall flrét critically evaluate these. p

two approaches to tecnnologicgl diffusjon in industry in

——~ .

.Chapter 2, and argue that neither has developed an adequate S

~ a

model of managerial orientations towards and decisions about:w” .
contemporary computerizéd manufacturing technology. I shall
argue that both the diffusion and the labour process

n

conceptions of menaéerial decisitn making see technological
\) y : ’ ' - -8
decisions in too simple, too general and invariant terms;
; .
that they do not investigate in enodgh detail the specific L

technical advantages computer technology has for different .

PN

forms of manufacturing @&}thin engineering and o

metalworking); that these variations can accounbt for much’ of

' .

the different(levels and forms of use of the technology;

that neither approach Kakes into, account changes in ’

technology as it diffuses, and the ways such changes affect ’




~ the technology’'s applicability in different production'.’

® o

3

i

- ° \ f [} . ‘
areas. . .
g . ) . ‘ ’
In order to study the hypothesized variation in the
(I S

specific technical advantages that computer techno%ogy has

for different branches of engineering and'metgiworking, a’
large sample of 60 firms was selected from different fields
of engineering and metalworking in Quebec and Ontario.

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

use, and length of experience in working with numerical -

o

control machine tools. ,

) . . . )
To obtaig‘informatiop with enough detail about

managéhent%s decisions concerning equipment investments I

LR Iy
’

s
——

adopted.an in-depth interview approéch which allowed me to
prdbe the ;easons‘fo; the adoption of each ﬁﬁ,%ool énd the
experiénces %ith ﬁc technology. .The resuits of these

interviews are presented through extensive quotation of the

informants in order to provide the detailed documentation of

{
. :managemnent perspectives and approaches to the adoption and

-

]

- - i\ ) \-
use of new technology. Rich, in-depth detail was sought

~ o

after in order ‘to discover the complexttie$ of technological

\
decision making which I considered to be overlooked by both

. ot ‘ .
the diffusion and labour process writers. The interviqy

Q

technique and method of data presentation was designed tq._'
) 4. ?

\
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overcome t?é lack of such detail found in diffusion
studies using telephone interviews and forced choice survey

techniques, and labour process studies which used trade

3

- literature and fragmentary managerial statements. The r

interview data is also presented and analysed through the
use of tables.providing frequency distributions according to
firm size, branch of engineering, and time of adoption of
NC equipment. This simple mode of presentation is -~
necessitated by the purposive hature of\the sample and the
qualitative data obtained from/ﬁhe interviews, but is ugeful
in summarizing the findings so that'geheral’patterns can be

.
documented and interpreted.

In addition to tpe an%lysis of field work data, ”
historical evidence éf technolegical diffusion and change is
examined through an ;naly51s of wr;ters such as Landes
(1969) , Noble (198*4 Rolt (1967) and Rosenberg (1982%‘
partlsular the hlstorical analysis‘in Chapter 4 looks at the
major changes in NC technology which have occurred since its
pioneering development within the éircraft industry. TEES
evolution is placed in the broader context of the pattern of
technological change characterising machine tool desiqn

. »

since the dévelopment of mass production metalworking in the
, .

early  nineteenth century United States. firearms indus;ry.

' 4



. C This historical account emphasizes the paiallgls between
contemporary technological change associated with
computerijzation and t;chnical changesNin nineteenth and
earlier éwentieth century manufacturing. This avoids phe

s tendency to assume that dramatic changes in manufacturing
technology,aredonly assodiéted with the most ;ecené changes

comprisimg ;he %mid}oeléctrénics féVolution."a Moréover,‘the
historical inforﬁation provides additional weight to my }
. argument thgt both diffusion and labour writers oversimplify
‘ the pr;cesses of techn§logical diffusion. . o
wﬁé~substantive chapters present the results of _my
investigation, proceeéing from the processes of ihformation
gathering -~ the firsF stage in diffusion -~ to the impact
' ;
of NC technology on labour relations. Thus Chapter 5

ipdicates that the cost of different information sources

L [ 3
accounts for the variation in sources used by different

3, -~

sized firms in monitoring pradﬁcfion technolp&?iand in
obtaining detailed information in order to.pnrchase machine
toois. The evidence in this chapter suggests that émaller .
firms experience greater constraints in obtaining
technological information and that, consequently their
investment deCisiog§ are more likely to be affected by

chance and short run considerations than 1s the case with



w_dlfzf.’usion

. Iy ~
larger firms whose acquisitions are more optimally planned.

The evidence in this and the following chapter suggests

that, in smaller firms, the, greater constraints on
it,

3 »

information gathering, the smaller managerial-and time
resources available f;r long term.élanning, and‘isolat}on
sfrom aher NC users, produces more incidents 5f less than
optima% equipment purchase. However, larger firms have born
the costs of experimenting .with and developing the fifst
genera?ion of nc machinery. Further, o;er time; learning by
using occurs resﬁlting in both commynication with machinery °
builders resulting in design improvements, and improvements
in all firms' abilities to use the machinery with increasing
efficieney. . This information indicates that the adoption of
new téchnology is, at least initially, charabterised~P¥ high
levéls of ‘ncertainty in which "sqtisficing"}rather’th?n
optimizing decisions are made at best. While’over\the léng
run, gains in inf%rmatiog and‘expeiience.with using the

8
machinery reduce much of the early uncertainty, changes' in

’

¥

4

machine designs, programming, and controls occur at a rapid -

pace, "introducing new problems such as the optimal timing of

machine selection. The sources and extent of uncertainty in
" .

to be underemphasi%ed by orthodox-diffusion
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vassumptions or models of firm behaviour.

The coée concerqbof the substaptive chapters is to
document the particular reasons offered for the adoption and
Gse of ﬁc machine tools in different engineering firms, and

» to explore chahges in thesef?eas&ns over time. While NC has

€ .
.spread from its original location in the aircraft industry,

the reasons for its'diffusion vary considerably across the
¢ , . S ‘
different engineering subsectors. In my judgement the

. in—depth documentation of these reasons displays patterns of

o

complexity not adequately accounted for by either labour
process writers of by.orthodox diffusion analysik.. Much of
the latter is flawed by the "black box.” problem, i.e. of

’ failing to analysef production tecﬁnologf in detafi.

o

s Consequently, it is often unclear as to precisely why the
. adoption of partichléf eqdipment is viewed positively and

LA /

how it is sﬁéposed to be profitable. The reasons for the

profitability of NC use vafies in different branches of -

¢ engineering and metalworking, with different sized firms,

~

and varies over time.

hd oY A second problem with diffusion analysis is its failure
. ) - )

to*develop “deviant case analysis,” i.e._to analyse failures

in technological adoption and use. I have attempted to pay

detailed attention to instances ofbsignificant problems and &
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cases of inability to utilize NC equipment well. Because of
the cautiogé, conservative patterg of NC adoption‘which
predominated in my sample, outstanding failures seemed to be
infrequent. Where'they d}d occur, they tended to be found
in theie;rlier days of NC use, suggesting that a learning
process occurred. : - _ — "

My informants discussed the reasons for NC adoption and

B S
use in overwhelmingly technical terms -- pertaining to such

2

material conditions of production as precise tolerances,
tough to machine materials, shape complexity, etc. Contrary

to what one might @xpect from labour process theorizing,
) ?

issues such a% the costs or iecalcitrance of skil%%d labolr

-

were hardly ever mentioned. In Chapters 7 and 8, then, I
' ~ L
explore in some depth thé connections between managerial

) -

perspec%ives on and use of NC technology and labour

concerns. Labour is treated as a factor-cost issue in both
the diffusion and iabour process apéroaches but with.‘
considerable differerice of emphasis.\ Diffus&on analysis

treats labour as one:of -several cost factors and not

necessanily the most significant problem in many areas of

.

producﬁ on. Labour process analysts view labour as the
primary focus of management qapcefﬁf\ This is because labour

is a uniquely “"active” facfbr of production; poten€fally

~

' 8
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~

a

" opposing all maﬂgéement aﬁtempfs to rationalise, control and
monitor wérk; and ultimately a potential class opponent to
managemént in a broader social5§ense. However, the balance
?f evigehqe which emerges in ﬁhis chapter is more supportive

of the diffusion model than that of the labour procesgs

)
o £}

writers.

»

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

variety of manning patterns:associ%ted with NC use, without

any evidence of a clear deskilling tendency occurring over

time. Second, NC technology has not altered the traditional -

pattern of skill"'labour demands in _engineering and

metakxgii;ng. That is, the cafégqiies of labour most -+ --

~

demande nd in short supply,ﬁave remained the same over %ﬁe‘“‘
past decade. Such labour skills as welding, machine :

- 9
~ maintenance,’ tool- making and skilled conventional machining

v

remain the focus of recruiting concern in the industry. NC
r : . . \ ‘<

technology does not appear. to be generating any skill Ty

. demands specific to it, Third, incidents of tradé&s
union—management dispute in relation to nc installation and

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

1

labour pr¥ocess conceptions. That-is, the disputes do not
\ - .

centre primarily around.deskibkin and job control. Most

disputes centre on the rights of older workers to remain on
- -

- . )
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* &

dbnventional“machinery,'and most diébutes'ﬁaye been limited
and settled without any major disruptiohs in labour

lmanagement relations.

Chapter 9 reviews the data in relation to the labour

'processmﬁnd innovation-diffusion theories of technical

-

change., Fifgt I will argue that managerial concern with

controlling thé labour process is rooted in the nature of

LY

markets for engineering products and in the technicdl - .

characteristics of those products, and not in a concern to

dominate labour op‘to}weaken its bérgainiﬁg power. The

h °

class interaction dynamics purported to exist in the United

States by Noble and Shaiken, and in England by Wilkinson,

appear to have no counterpart in the firms which I studied.
' 8

Even with the adverse economic environment of the 1980s,

when management concerns to cut costs have heightened, use’.

of NC technology is not presented as a technique to be used
‘séecifically to reduce laﬁour comﬁlements ér Eut down skill
requiiements in the majorityvof firms. {
Secondiy, I will argue that the opt}mizing model, of
diffusion'is very problemdtic as a depiction of the
diffusion process, at least in the short term. Early
adoption of NC is cénst}ained by lack of reliable
performémce~ip¥opmation on which to base cost estimates for

10 .
e 0
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,

‘the utility of the new machinery; errors are mMade in the
application of the machinery;‘macﬁipe tool builders’ claims
* are often unrealistic; early mgchfhe;designs have to go
éhroudh a test‘period of production applications to
eliminate design flaws. In addition, information gathering
costs as 'well as ease of access to.suppliers; programming
sgpports%'and main%énaﬁcé’sources constrain small £irms’
Jequipment selection for a longer beriod of time. Furthér,
since NC technology ha$ changed rapidly since. the 1960s,
some pf the co straints on optimal selection persist oveé a
long period of time. The persistence -of these constraints
explain the largely cautious and conservative approach to
‘the adoption and use of NC technology which characterizes my
\\\éample‘of firms. .Such‘constraiﬁts and the resulting
. ‘conservativism in‘diff&sion éuggests that sorthodox diffusion’
analysis, let‘aidne the catastrophic predictions of thé
impact of computerization, overestimate the ease and
1 h

rapidity with which new mandfacturing technology spreads.

y —

3

11 . -




1. A useful summary of the earlier debates and .research"
into the effects of automation is found in Sadler (1968).
The same author has also compared the current
controversies with the earlier automation debates in
Sadler (1980). - ) -

2. NumeF¥ical control (NC) is a technique for automating
machining processes by feeding a programme of instruct-
ions through a control device which activates the motor
drive speeds, cutting tool feeds, etc. Punched paper |
tape was first used,to feed instructions to the controls, .

" later mylar and other more durable materidls were
substituted; later still magnetic tape apd, then computer’
disks or direct computer links by building microprocessors

. -into the controls or connecting with a mainframe were
’ used to programme the machine tools.

[y . N
.
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. dominant traditions of economic analysis of innovation and -

Chapter 2: Numerical Con¥rol Technology,

Diffusion and the Labour Process
. / <2
- . .

Introduction

NC technology has attracted the {ntérest of two
different sets of soéial scigntists; economicVanalysts
coﬂéerned with diffusion‘of inddstrial innovations, and
neo~Marxist industrial sociologisps iﬁterested in thélrole
of technology in workplace relations between:managers and
shopfloor workers. In this chapter I';hall survey and
ériticallx evaluate these Wrizings in order to pro&ide a |
theoretical context and focus for the research I report on k\ 1
in this thesis. I start out with the economic writings,
looking at thg general issues in-eoono:&c analyses of
iﬁdustrial innovation and diffuéion, and then discdss
ecoﬁomic investigations of NC in particular. Following this

I shald review some recent economic writersgcritical of the
diffdsion. Finally, I shall-look at Braverman and the ‘works
by industrial socioclogists attempting to apply his theory to
modern industrial automation and computerisa%ion of
manufacturing. In conclusion I shall indicate how my study .

attempts to address certain issues arising from these two

\ “ .13 T

!~
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avenues of research. ~

Economic Analyses of Innovation and Diffusion ‘

B ‘ ) P ,
Schumpeter’'s Approach ) o

-..The causes and conditicns.of technological innovation
‘and djiffusion have been an important issue for ecdnomists
and economic his?orians studying economi¢ growth (Kennedy
and Thiilwg}l, 1972). Analyses of these causes and o,
éonditioﬁs have been deéply'influenced by Schumpeter (Kaﬁien

and Schwartz,1982; Kennedy and Thirlwell,\197§, p. 58;

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

phases in the process of technological change: invention,
“ innovation, and diffusion. &nvention is an idea or model
j “for a new improveé device, proapct, process or system, which
may often be patented but dzes not neceésarily lead,j!?' /
technical innovation. The latter occurs with the initial
.commercial application of the iﬂvention.' In principle, the
[ process of innovation raises the level,of technology to the
standard of best pracﬁice techniqueé. Diffusion is’the{‘
process by’;hich'the invention spredds within and across
firms, sectors ané entire economies.
.. Fechumpeter saw innoéations as the core of capitalist

economic life, and business cyclés as the recurrent
v . ‘

[

2

Q
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/ . : g 9
fluctuations in the rate at which innovations are introduced

K -
" into the economy. Innovation could involve the development
of a new technique, new product, new forms of business

organizatioén, or the' discovery of a new market. Generally,
# , - -
‘innovations were associated with new entrepreneurs and firms

-

which break through the established patterns of economic \~

! L

activity énd‘establish "athistorib and irreversible change )

- . in the way of d01ng thlngs (1939, pp. 87-88). The success
of the first 1nnovator encourageﬁzimitatlon by many other
entrepreneurs so that there is a vave of increasingly | -
intense innovative activity until therinnovation\&eaches
some limit of diffusion. Thereafter the economy adjusts,
oftenfthroug recession, -as the new praoduction function L‘M
(i.e. the maximuﬁ obtainable amount of Eroéuct for any g%ven \

¥ amounts of’ factor inputs, under a given state of ‘ . n
technologicgl knowledgez becomes institutionalized and |
toutin&igd (1).

Schumpeter’'s analysis was primaxily focused upon mq?or
innovations generatlng new production unctlons and - ' oo
contributing to sharp cyclical movements in entire v
economies. This led to an overemphas%s on the "gales oft
éreative destruqtionJ (19581 p. QS) where new technologies

created entirely new industries and products, and radically
' y

15 . . . . -~
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changed economig'organisation. As Rosenberg points(eut
1

(1982,@pp. 6-7), however, such events are only a small part
Wy & -

“of technical innovation and diffusion, and several

historlcal studles have found long periods of coex1stence of
L

"0ld” .and "“new” generations of technology as well as much

1

evidence for the incremental nature of ¢
produétivity—increasing teéhnical change (2).

‘While interest in long term business cycles has

-
[

revived, after a periqd of neglect (Blackburn, Coombs and
Green, 1985; Freeman 1983), Schumpeter’'s depiction of the

L

. phases of innovation has been a'contiﬁuing focus of

t

investigation by economists interested in diffesion
(Kingston 1977, pp. 68-74; Mansfieid 1968- Metcalfe 1931).
They argﬁb that dlffu51on involves three dlStlnCt growth
phases which can be graphically represepted by a sigmoid
curve (3). The first phase, the lower #all of the ‘S’, is
one of slow growth when innovating flrms‘try out a hnew 7’
teéhnology. During this phase there is Lo esteblished L
market and tﬁe industry supplying the ne& technology is
cﬁaracterised by a limited number of specialized, pioneering
companies. ‘\ a
\ As the technology demonstrates its feasibility in,i£§

¢
initial sphere of applicatiorf and additional applications

16 -




demands

AY

are' found, confidence grows witpin the user group and so

" \

increases the number of potential users. This process is

o

respongible for the upturn after the long tail of the 'S”,.

t

The market now grows to encompass “"early users” as well as

"

the original innovators. This is ﬁlso a shake out period
. ‘ , o
for suppliers as some are able te grow with the 1ncrg&sed )

\while others fail to'.make the tréhsition from
o [}

pioneer, small scale production operations. £
-Phése Two is- a perioé of exponential growlh éccompanied
by growing publicity:about the new technology, whose
suppliers now increasingly advertize|th§ir wares on a
national and Enternational scale. The neé;technolog& is
increasingly adopted by gstablisheﬁ companies that have been

1

able to survive by ?6hti uing to use an equiér generation

technology because of their market dominance or sheer ,
financial strength. VBecause of the latter, they are aBle to
adopt the now proven new technology on a much vaster scale
and reestablish their inéustrial dominance. .
Finally, as the technology matures; it is ‘now used by
the majority of potential users and has pecome accepted as a
conventional part of production. The rate of growth of new

applications, new modifications ¢f the technology for these

nevw applications, and of new users, slows down. Much of the

17
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demand is now demand for replacement units rather than new

units so that the supplying industry’'s rate of growth is now

»

'likely to be slower than it was in the first phase.

.

Innovation-Diffusion Analysis after Schumpeter

Y

Economic analysis after Schumpeter has attempted to
estimate technical progréss as a separate item in the
aggregate productién function and to measure its
contribution to economic gr&wth (Schmookler 1952, Kendrjick
1956)1 This co;cern‘resultéd from the discovery that a
large component of American economic growth could not be
accounyed for by ing{?ases in capital investment, labour

P A
forcéjérowth, or ing}egées in raw material inputs,
suggesting that technological progress must be responsible
5 ;
for the residual growth. Some of these studies suggested
that as much as 80% to 90% of the growth of per capita
output in the American economy during the twentieﬁh‘century
could not be accounéed for by i:qugses in capital per head
Jbut had to be due to some form of] technical progress
(Abramowitz 1956, Solow 1957). These findings and the
* associated attempts to precisely identify and measure

ﬁechnical progress encouraged the emergence of detailed

. . 4 L% . L .
. stud%gs of the conditions favouring commercial innovation

. ' 18
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and the spread of new technologies (4).

Analyses of these conditions have largely involved

: '

attempts to test the "Schumpeterlan hypothesis” that size
and monopoly power epcourag technological advances. The
results have been rather mixed. In reviews of the
literature Scherer (4970), and Kamien ;nd Schwartz (1975;
1976) have concluded that, in terms of the relationship
between firm size and research and develépment expenditures

—
or patent output, only the chemical industry conforms to

Schumpeter’s, hypothesis. éhese writers also argue that the
relationship ‘between concentration or competitiveness , on
the one hand, afid\research and development , on the other,
is not linear. Accoféing to them, there appears to be an
optimum research and devel@gi?nt level associated with
market concentrations inteépediate between monopoly and
perfect competition.

. However, Soete (1979) has argued against these
writers. Ségzg\qagues, they have no explanation fq; the
finding thgt medium sized firms are more innovative and

Q
technically progressive. Methodologically much of the data

is also limited to the?lQSOs or earlier, ior to a

~gignificant growth of industrial concentration during the

-

1960s. Fuiiiij; innovation and research and development

19
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'activity is measured in these studies in ways which ol

3

underrepresent large firm activity.n Oon the basis of later

?

data and modified indicators, Soete finds that, despite some

individual industry variations, there is positive support

oy

for the Schumpeter hypothesis. If his analysis is correct,

as I believe it is, then ohe would would anticipate that in

the field of engineering and metalworking, where small and &

medium- firms predominate, technological innovation is not as

salient as in igdqstries characterised by large enﬁerprisg;
A;ngkthat laraer firms in the industry should display a

tendency towards greater innovation than smaller firms.’

4

_ Economic analysts have defined the fundamental issue in’

—_— v

diffusion as why, if a new technology is superior, it is not

taken up immediately by all potential users. The pioneer in ~

this field was Mansfield (1968) who considered information

and ﬁhcertainty as keys to explaining why it is rational for 9
firms to not ilmmediately switch to new tgchnology% - .
Mansfield develops anQiggidemic model” to apply to bqth

intra- and inter-firm diffusion (i.e. the number of machines
~purchased by a single firm, and\éhe number puréhased by an
‘industry or sector over time, réspectively.) In this

approach there is a fixed potential number of users, the -

propor%}on of which are actual users increases over time as

20
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‘an "epidemic” of learning reduces the uncertainty attached

. ‘ [y )
to the use of the new technology. The greater the exten;%of;,\

e
AN

“infection” -- i.e. the greater the extent of the firm's or
séctorﬁs production is generated by hew technology —— the
greater’}he rate of spread of that technology to hitherto
"uninfected” regions. . According to this mo@él, intra- and
inter—firm diffusion will follow a logistic chrve. P
Teqhnologiés yielding higher expected profits| with lower ) N
absolute®capital requirements will djiffuse fasdest. .

Industries that gain most profit from an innovation will

adopt it-.faster than others. The rate of inndvation in a

particular induspry is affected by the durability of an

industry’'s capital stock, its rate gf growth of sales, and .
?ks stage in the business cycle. As a consequence ofnthis;

set of factors diffu;ion rates will vary across industries

diffusion studies, but several critjcisms have emiézzi//
del is

and technologies.

Mansfield’s work has been a pervasive influence on
Rosegger (1977, 88-89) points out that Mansfield's
structured so that “spread by contagion” occurs within some
But

defined entity, the “population of .potential adopters.”

an industry is not a static onli;?n a predictably changing

szzgéy, technological

21
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innovations are recogniéed k pace Schumpeter) as one of the

major means of entry for new firms; the failure to adopt an
innovation may also lead to the forced exit of firms from
the industry. 1In additioﬁ, not all firms in an industry

make the same products or use identical processes, but th%y

will consider §hifts in either or both %nder ¢ertain

conditions. Thus, wh& is a potential adopter of new R

technology is an empirical question and not a matter of
prior assumption. Stoneman (1983, 74-77) argues that
Mansfield is unclear on why and how the decision on use of
‘technology qepends on risk and profitability. Mansfield
sees risk as related to uncertéinty about the profitability
of new technology and assumes that this risk diminishes with
usage. But in Ménsfield's model, while the uncerta%nty is
reducéd over time the firm's estimate of expected
proéitability does not alter over time. The firm merely .
learns that its initial estimét@,éf profitability was the
correct one. This assumption of entrepreneurial omniscience
is ﬂ;ver justified py Mansfield.

Gold (1981, 247—%48) argues that Mansfield and most ?f
the studigs influenced by his work have a static conceptioéon

of a given innovation which diffuses across a population

according to changes in the receptiveness of the prospective

-7 ) ~
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' techniques used in these "studies usually involved counting

e

adopters. The result of this weakness, firstly, is that he
\ . .
overlooks the probabiljty of significant changes of the

technology itself during the period of its diffusion and the

way.these changes continually modify receptiveness by
u

~

affecting the costs and inputs absociated-with adoption.

P

N
Secondly, neither Mansfield nor later diffusion studies have

~ever pfSVided direct profitability evaluations by responding

firms (Ibid., 257—558). Third, tha£ the survey research

the number of users of a technology without adequate
supplementary indigators of the extent and nature of use and .

whither such use represents limited applications of the

ﬁechnology or pervasive commitment (Ibid., 249). '

I shall return to Gold's critique of diffusion studies
later in this chapter, but first I want to look at some

studies of the diffusion of NC technology itself.

. .

+

The Diffusion of NC Technology ' -

L4 *

The earliest. study of NC technology was that of Little
(1962) who looked at technical innovatien in three mature

; ey
in@ustries - textiles, machine tools, and construction: All o i

of these industries had had few innovations with any major

economic impact in over three decades. Innovations which

@
a‘/
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* of the tw

14

. / , . .z
had occurred originated from independent inventiofis, from

firms outside the industry, from foreign industri

or from new small firms.

‘Severél other, writers have documented the conservative

i

b J

nature of the machine tool induétry with respect to

‘ ) \
technological change. The pressures to change machine tool

L]}

al units,

déesigns and techniques have tended to come from its major

¢lient ;ndustrieg such as firearms in the nineteenth century

{Rosenberg ,I

alrcraft

‘Numerical cghtrol technolog

ads a case in point. The

63), the automobile industry in the first half
tieth century (Wagonner 1966, ch. 2), and the

dustry after’ the Sdcond World War (Noble 1984).

)
development of the first technically feasible NC mill .

octurred as a result of‘tge work of several M.I.T,

mathematicians and engineers working under the sponsorship
of the United Stagﬁs Air Force. The lag between the first

demonstration of technica% feasibility and the unveiling of

the first comme}cially available nc mills at the &hicago

Machipe Show was only four years.

A 4

short for an industrial product but follows a pattern

associated with governm

)

This lag was relatively .

ent sponsored industrial. innovation

and diffusion (Mansfield 1968, 102).

However, NC machines developed as a technology devoted

"

24
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to machining aeronautical components. Items such as
helicopter rotor blades, jet‘turbine blades and housings,
and nose cones, were characterised by 'extreme complexity of
shape and exactlng tolerances and surface flnlshes Until

the 19705, then, NC machine tools were largely used by

engineering firms building airframes, jet engines, and their

component subassemblies. “As a result studies of NC
diffusion were limited in number and focus.

“ Mansfield (1977, 126-43) looked at the factors

affecting the diffusion of NC machine tools in 10

.manufacturing industries, using a sample of 140 firms. He

found that thegdiffusion of NC followed the characteristic
logistic curve pattern initially predicted by Schumpeter for

innovation patterns in general and found true of a variety

"of technical “innovations in later studies (Metcalfe 1981).

The key variables positively ‘associated with the adoption of

~

NC were the proportion of firms in the industry already

£

using the innovation; the anticipated profitability of NC;

and the size of the initial investment required. While the

E 'Y

larger firms tended to be the' faster adopters ovaC and,

‘'within any one industry, the larger firms were preponderant’

among the users, it was 1n the.less concentrated industries

that dlffu51on of the ‘new machlning technology more rapidly

.
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occurred. Within firms,  the higher the level of educaﬁion

of management, énd the smaller £he number of managers
required to approve the purchase, the earlier the use and

the greater the extent of NC use. Earlier users of NC heanrd .

about the innovation earlier than later users. In other

words, the time lapse between knowing about NC and deciding V\N
to adopt did not necessarily differ between earlier and
. »
later users. )
In relation to production chara;teristics, NC was ) /

regarded as unpgofitable by management for wvery small batch
production runs where conventional craft machining ﬁeth?ds
held their own. Yet NC was alsc inaéplicable to very large
batch and mass production runs where conventional automation
wag more profitable. Numerical control machining was
perceived as most useful in medium batch production of itemg<
requiring high leyelé of precision.

A partial'ieplication of Mansfigld's studies Waé
undertaken in Canada by Globerman (1974, pp.33-62,, 1975),

who was primarily interested in the relative speed of

diffusion of NC in comparison with the United States.

Globerman found that Canada’s. rates of adoptiéi of three new’

techniques in pulp and \paper processing, textile

manufacturf;g, and NC machining, were slower than in the

26
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Uniteq States. However, within Canada-a pattern of .
inter-firm differences in adoption simila¥ £o that found Qy
Mansfield was discovered. That is, the larger firms with
greater volumés of production  and easier access to capital
were the earliést adopters of new technology; The spread of
NC use also followed this pattern.

Globerman afgued‘that\$he slower overall rate ¢f
diffusion of NC in Canada reflected the smaller sizjﬁigi
Canadian tool‘and die shops; the smal;er production runs ’ /
arising from the smaller scale of Canadian markets for
engineering products; and the lower level of tool and die

maker wages in Canada. 'In contrast to Mansfifld, Globerman .

found no relationship between NC use and the level of

*
£

managerial education. Aﬁalysing the information provided by
a sample of non-NC using tool and dfe shops, Globéxman'found
that this group cited three major ¥easons for non-use. The ' |
most important reason was the existence of inadequate demand
in the form of too short production runs for %rofitable NC

machining. Additional reasons for non-use were '
unfamiliarity with the Fechnologyband the inagility to

o

outlay required for NC machinery and its i

3 ol ]

' The final major study of NC diffusion using the
27 ' i
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traditional economic innévatign—diffusion f;amework is that
of Gebh;%dﬁ and Hatzold_§1974),who undertook a 140 firm, six _
country survey of the growth of NC use in the early
seventieé. Theyﬂpointed to a critical difference.between’ﬁé§§
'and many other manufacturing innovat;ons; in contfa§t to NC
most manufacthrin; techniques generate.a precisely defined
produét or prddﬁct range. ‘

/
"Machine tools, however, whether NC control-

or components of extremely heterogernfeous
and often very complex final products, and
operate over the entire field of metalwork-
ing., Accordingly the diffusion of NC is not
restricted to specific branches of engineer-
ing. This makes the measurement of the level
and the speed of diffusion difficult, and
tggﬁjifficultles become even greater when
comes to international comparisons, or

to the factors influencing this diffusion. ~ q
The wide range of application- of machine
tools, and the alinost infinite number and
heterogeneous character of their products, .
further multiply the possible .situations’'and

N the number of factors to be taken into
account” (1974, 21). )
. 4 ~ ¥

The number and variety of potential NC production

applica%ions may account for the difficulties Gebhardt ando
Hatzold have in coming up with findiégs about the causes)and‘
conditions 6f nc djiffusion which could be accounted for by
econometric models | It is Just such diversity wh13¥ led
Gold and Rosegger to question the Mansfleld model of

diffusion,,w1th its assumption of a clearly defined,, stable

28 °
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user population. for these writers, a té%hnology's range of
applications is likely to shiQt §igniﬁicéntly as early users
experiment with it, modify the original design, etcl,-so

that thénpopulatioﬁ of‘potéhtial users will also alter.

' Gebhardt and Hatzéld raised yet another ppreblem for
economié analysis; that is, how does one analyze a RN
technology wi£hout a defined field of application. Such a
situation could be simply defined as indicative %f the
technology being in the invention or very early innovation
stage and so largeiy exogenous for economic analysis.
Ho&éver, Rosenberg (1982, pp. 120-124 ) argues that modern
technical change in produétion incorporates continuous 7
invention %nd innovation duriné commercial application so
that these stages are not so clearly delineated in actual

economic life as the Schumpeterian tradition:of analysis has

A
1

, postulated.
. S '
Because NC machine tools ha&igpen promoted on .the basis of
. -~

their advantages in machini?g small and medium batches,
specific sub-areas of-enéineering where this form of |
production predominated were sampled by Hatzold and

Gebhardt. Thus the makers of pumps, impellers (rotating e
bladés used(in mixing large volumes of constitueht

substances in paints, chemicals, processed foqu, etc.),

29
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turbines and printing machines were selected to redyce the . ‘

heterogenéity of the ‘metal working industries to a more

uniform sector and to look at firms with comparable

®

production conditions.

Several factors affecting the décision to adopt NC

'

technology were discovered by Gebhardt and Hatzold, although

X C
the difficulties of*measurivg/aény of the significant ones
prevented the development of.an econometric model.

Diffusion levels corresponded strongly with labour costs. .
In other words, the higher the wage levels the higher the -
proportion of NC machines to fotal machineé tools in the ~
sampled sector. However, other labour market conditions h
were nét so clearly related to diffusion paﬁterns. The
authors argue that this is understandable since the -
p "“decision concerning changes in production ’ :

techniques are very often influenced not by

the shortage or abundance of labour in

géneral, but by the local availability or .

lack of specific skilled labour....The situat- AN

ion is further complicated by the fact that ‘ ‘

the introduction of NC also required operat-

ives specialised other than in metal working

(for example, programmers) whose availabil- t

ity may be different from that of metalworkers even

‘'within the same region.” (1974, 40-41). ' . :

~ .
Trade union resistance to NC automation was not

significant, although isolated cases of opposition occurred .

in the United States and United Kingdom (the twb countries .
\ N .

. . (
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with the highest levels 6f NC use at the time}, and

jurisdictional ‘disputes* between unions’ had occurred as a

result of NC installationvin some British fijms. -
—General conditionsl%or investment were also important

détermindnts‘bf the extent' of dfffusién. .In countries wigh_

high rates of self-financing, or where there was easy acceés

to outside financing, investment in NC machine tools had

been more widespread. Again, though, this varied

considerabiy from firm to firm and while iﬂAwas a salient ‘
fea£ure in the survey responses, the authors were uﬁable to
precisely estimate or formall§ model the effects. While
government financiad support té the initial development of
NC technqlogy in the United States and United Kingdom Waé

‘ extensive, diverse levels of governmént support for -
investment in NC technology did not correlate consigtently‘
with national qifferences in diffusion levels. Governmental
promotion o0f a national aerospace i%duétry, howevef, and Ehe
size of this ianstry in relation to engineering as a whole

" was positively related to the more rapid and widespread

wédogt}on of NC technology. . ’ .

In terms of intra-firm conditions affecting NC use, the-

extent of cost reductioh of machinin?/b}~using NC machines

was highly variable depending on the nature of the component

3
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(i.e. its contours, the tolerances required, and the .

~ .
materials used in its fabrication) and batch size./ Because

¢ K ? .
of the complexity and heterogeneity of manufacturing even o
within the sampled sub-sector of engineering, cost

T . S ,
comparisons of NC versus)conventional machining were
L 4 - -

difficult to make and many firms in apparently similar 2

production and market situations had widely divergent
1

4

patterns sof NC adoption and use.
Consequently the authors argue that “ ... it can be
said with considerable certainty that the attitude of the

management is one of the most important factors affecting

the extent and the speed of the diffusjion process.” (1974,

51). However, their-attempt to specify this variab%e was . . /
unsuccessful and they were épable to dgmonst&atewany clear
relationship between managerial attitudes to innovation and

actual innovation polic&. Thus despite the scope and‘gg

sophistication of their study, Gebhardt -and Hatzold are

forced to conclude that " Because of the abundance of

' factors influ ncing the diffusion of numerically controlled\

. -

&

machines, n ist of these cap claim to be complete. Their
diversitw(izxsuch that althgpugh we believe that our initial
hypotheses,as well as our report, cover the most important ¢

facﬁors, not even this can be guaranteed.” (1974, 54).

s 32 ~ :
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New Directions in Innovation-Diffusion Analysis

Some of the possible reasons. for this limited success of

e <.

the traditional innovation - diffusion approach'A;;b been
explored by Rosenbérg (1976, 1982) and Gold (1977, ch. 7,
<o

1981). Rosenberg has characteriséd economic research on ; )
innovakion and diffusioh as “"a series of footnotes upon E/fx

" | I T B 1 ’%
Schumpeter.” (1976, 106). He has criticised the
Schumpeterian approach for its narrow focus on major

innovatiohs; its disproportionate emphasis on
o 7

discontingities ih the innovative process; the excessive

emphasis on the role of pﬁre science rather than on

engineering; the biased model of entrepreneurship focussed
[+4

on the early “"heroic” stages of innovation to the neglect of

7 0
v qanalysing diffusion. (1981, ch. 5Y. Consequently, Rosenber
13

argues that' many of the figtors determining the nature, rgte
and direction of technologital change in the economy aré
little undersiood. 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

"léarﬁing by doing”, with the result Ehat economic analyses
tended to analyse the demand factors inducing technological

change to the neglect of supply factors, ‘'such as the range

-
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of alternative production techniques available.

Rosenberg notes that technological change, when

¢ examined in detail by economic historians, displays much .

greater compléxity than is accounted for by economic
analyses. Where economists emphasize the develoément of new
processes to reduce the¢costs of prqduction of'?stablished
products, the history of inventioen and innovation shows that
technologiéal change alters both processes and products
(1982, pp. 4-5).¢ Yet close examination of particular
téchnological changes ind;cétes, contrary to the
Schumpeterian view, lengthy periods of coexistence between
Qld and new techniques, indicating extensive conservativism
and resistance against the spread of "best method”
techniques (Ibid., p;. 6-8). - ~ a

In opposition to the Schumpeterian emphasis on epochal
shifts fn technology, Rosenberg sees inventive activity as
“a gradual process of accretion, a cumulation of events
where, in general, continuities are much more important than
discontinuities.” (1276, p. 192). Closer attention to this
cumulation of events at the technological level exposes the
reasons for the overall slowness.and wide variations in

i(l Ll
4 «
]

rates of acceptance the diffusion of innovations. Where

Schumpeter emphasized inv ion and innovation Rosenberg

- 34
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emphasizes the conditions surrounding diffusion as the key
to significant shifts in production techniqués. At the same
time diffusion is usually characterised by acﬁs of invention
aqg gradual improvements in the technology so that what is
diffused is a continually improved productibn technigue
(Ibid., pp. 195-197). | yfﬂg -

Accompanying the gradual modification and adaptation of
new technology thréﬁé%xghe diffusion process are several
other processes which affect the rate eof diffusion. First,
there is the development of technical skills among users.

These may be slow in developing; they can only be learned on
the job; and at the earlier st;ges of diffusion they“are
expe&iﬁental, tentative and uncodified. Consequently,

no ledgé of the new technology in operation is not
pecessarily-easily transmitted (Ibid., pp. 197-199).
Second, new technologies may require new skills and
techniques in manufacturing theth. This requirement is
itself subject to all the vagaries involved in the ~
development of new technology. Third, there may_he
complementarities in diverse technologies which facilitate

or refard the diffusion of new technologies. Rosenberg

cites the work of Fishlow who discovered that an

-

»

o L
accumulifion of small changes in the design of lg&otives_and
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freight cars between 1870 and 1900 tripled freight car

capacity and doubled motive_power. Yet greater loads and

spééds would have been impossible without the telegraph,

block signalling, steel rails, air brakes and automatic
. ‘
couplers -- instruments which were discovered independenly

but were—m 11y necessary for railroad trahsport

.imprbvements (Ibid., p. 176, pp. 201-202). Thus, for

Rosenberg technological change is the outcome of several
processes which are often subject to delays, false starts

and bottlenecks.® Conséquently much technological diffusion
- ”
[

occurs only slowly d unevenly.

But appliéd ience is now ubiquitous and the entire,

economy is subfject to activities generated by scientific and

technical change. In a science-based production system

-
-~

innovation is \continuous and.endemic. Prodﬁction.technology
is generaify conplex and systemic so that learning by using
is increasingly ‘cessaryﬁto establish the reiiability of
new proeF@gés and/or products (i982, pp. 121-124, 135-140).
The methods used by business orgaﬁizations to -
institutionalize techn;cal innévation, and to eséablish some
control and stability over tecﬁno;ogical factors by fundiﬁg

R & D, establishing linkages to pure science research

institutions, etc., merely multiply the sources of

A +
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innovation and intensify the process of technological
chgnge: All these conditioqs force entrepreneurs and
management to operate as brokers between what seems to be
economically prefitable and what is technologically possible
despite the uncertainties involved. Rosenbeérg emphasizes
the uncertainties associated with these conditions and
downplays the depenéability‘of rewards such as quasi-rents
from patents and licences which can be earned from ?
siRtessful innovation. ‘ L

onsequently Rosenberg is particularly critical of f{
;nalyses which assume a simple relationship between tﬁ;‘rate
of technological, change and the rates of innov;tion and
diffusion. Yet exactly this assumption underlies much of
the research into the phenomenon of technological lag. @ﬁat
such-studies ignore in particular is the impact of
expectations about the futdre course of technological
innovation on entreprenéur}al decisions about adopting new
technolog&. %y moving froﬁrthe Schumpeterian approach which
emphasizes discont%nuities in innovation to an approach
which emphasizes the ongo%ng nature of much technological
change, ﬁosenberg argues, ” the optimal timing of an

innovation becomes heavily influenced by expectations

corrcerning the timing and significance of future

4
4
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improvements.” (1982, pp. 107). Expectations of rapid .
continuous change in a technology can lead to.a variety of
responses ' on the part, of potentia% adopters. They may op£
to be “in on the ground floor™ of the new technology and
gamble that the early learning experiences in “debugging”
and adapting it to their specific production needs will
generate gains outweighing tpe costs of pioneering and
experimentation. Other firms may adopt a conservative
strategy, waiting for the pionéering experiments to pay off
in the form of ; second generation of desi?ns more
appropriate to thei; specific production conditiohg. Yet
others may,beeablfa:o opera§g with shorter amortisation
cycles, building or’using equipment which is cheapér or less
lo&ger lasting but does not suf%%ve into obsolescence. Thus
the expectation of oonﬁinuing.teéhnological change may be a
conéition in whicﬁ technological lag represents the rational

decision of a significant number.of firms in a particular

industry or sector,

Gold’'s critique of the innovation-diffusion Izzérgfure

N,

converges with much of Rosenberg’s commentéry. He argues

that much of the literature is dominated by a static

conception 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 "this complex process of innovation-in-diffusion .

reflects in tufnithe complex, fluid and changing fi$m
characteristics which inéersect with technological adoption.
Gold points out that field research demonstrates that in
most countries plants differ in many respecté affecting
their relative competitive positions 3 product designs;
product mix; the pattern of make or buy arrangements;
equipment éharacteristics and modernity; qqalitjﬂgtandards;
scalenof production; locational factors in terms of access
to inputs and markets; capacity utilisation; managerial
objectiv?s and financial resources. Since most .
technological innovations affect different sectors of
operations and costs, and exert primary imbacté on
particular segments rather than on the entire array of . /////\\\
production operations, the economic advantage of any .

particular innovation is likely to_differ among plants

within the sector using the tthnological innovation. It is

scarcely surprising, Gold argues, that field research , -

generates vastly diffe;ent accoﬁnts of innovation and

diffusion processes than are presented in aggregate models.

- In particular, the common explanatory variables of

-
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profit seeking or profit expectations are problematic. |

Profit seeking is far .too generalised as.a causal variable.

It is an orientation rather than a motive, and as such, is

-

likely to be brought forward as a rationalisation for
-~ decisions made on less obvious grounds. Secoﬁdly, no
diffusidﬁ/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 estimates of
prospective risks, In the conditions of real business

decision-making Gold argues,

"Because decisions involving commitments |
for future activities must almost always’be °
made on the basis of serious informational

g 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 past training and experience ... Hence,
managerial attitudes are not merely one of
the actors to be included casually along
with ostensibly more important quantitative
determinants. On the contrary, such subject-
judgements probably overshadow the latter
in shaping most capital decisions.” (1981,
259).

The implication of both Rosenberg’s and Gold's

criticisms of innovation-diffusion analysis is that

;i

technological change in industry’is often of a gradual and

piecemeal nature; originating in a diveréity of intra-firm

°
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conditions ; and motivated by a variety of managerial
perceptions, strategies, and impulses. Bothawrite;s appear
to be arguing for much more disaggregated analysis, with
greater attention to inter-firm variation, to continuous if’
slight technological modifica£ion; and they seem to be
sceptical of management’'s own accounts of their decisions.
It is to the issue of managerial motives and strategies in
technical change that the Braverman-inspired labour process

v
writers direct particular attention.

NC Technology and Labour Process Analysis
’ K \

Braverman's Analysis : ‘B

Braverman s theory (1974) is based on’ggrx's
identification of the distinctive feature of the. capitalist’

economy; that the direct producers sell neither themselves

- .

nor tﬁeir labour services but their labour power - the
capacity to labour - £o the capitaiist. The central préblem
in the caéfgélist labour process is, consequently, that
management has to ensure that this capacity is transformed
into work actually done and to maximise the work done in
order to ‘ensure profitability. -The continuous s€arch for
profit necessarily leadq to continuous refihement of the

division of labour, as complex craft tasks are divided .into
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simple, routinised steps and less skilled labour is hired to
perform the resulting detail work at lower rates of pay. Or

labour is reduced or eliminated entirely by the automation
e ®

of the_repetifive motions which comprise the simplified

tasks. Further, in order to ensure that workers’ labour
]
power is turned into work actuglly done, management
. 1
continuously tries to maximise its control over workers and.

to @inimise its dependence on them.imManagement dbes tﬁis by

L J

' enhancing its control of the labour process, by gaining

knowledge of the production techniques and reducing worker%

to mere executors of management @rders. This process

’

reorganises work into low skill jobs without conceptual

‘content, replacing craft work where-conceptual and executive

skills were integrated.

For Braverman, technical innovation is a key element in

the drive for-manageriﬁi control. “ﬁ\\ — ¢

“The capacity of humans to control the labour

B process through machinery is seized upon by
management from the beginning of capitalism as the
prime means whereby -production may be controlled not
by the direct producer but by the owners and |
representatives of capital.” .

(1974, 193). : ' ‘Z B

The problew of the automation of machine shop operations

i

i,s explored as a significant case in point (1974,\g£.

184—248). Traditionally‘machine'tools haye\been wéed in
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unit or small batch production in which skilled machinists
retain considerable control over production processes.
Until the advent of NC the impact of the detailed division
of labour had been.limited; machinists sp;ciglised in oné
particular tool such as the mill or lathe; or skill

df¥isions were introduced by making machine Fét—up a

- ?
specialty. However, NC interposes an automatic control

system —- in the form of punched or magnetic tape or direct
‘computer communication -- between the machinist and the
'\

metal cutting operations,

Braverman argues that the machinist’'s technical

knowledge of met#l cutting could be advantageously used if

.
machin%sts,were to program or‘develop the control programs.

]

But “ this almost never happens ... due, of course, to the

opportunities the process offerS‘fqr the destruction of
' ®

craft agd the cheapening of the resulting pieces of labour

- . intg which it is broken.™ (1974, 199). As happens with the

manufagﬂuring process Ey%ewhere, Bravefméé;argues, “ The
pfécéss has become more éomplex, but this &s lost to the
workers, 3ho do not rise with the process but sink beneath
it. Bach of these workeg; is required to know and

understand not more than did the simple worker of before,

but much less.” (1974, 200). -The skilled machinist is
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replaced by‘less skilled paxts programmers, enéoders, and
., machine operators., The entire production process iqvolved
_combining cheapened, deskilled 1ab6ur, with more versatile
and powerful machingry.

"~

N&Qle's Analysis

L ¥

Two important stidies of 'NC automation have adopted
!

Bravermah's approach, although not without adding

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

detailed histor& of the development of NC technology and an
’ I3
interpretation of the foroces affecting this development and
[y .- - .
its diffusion, primarily within the defence engineering .

sector in the United States. He charactérises the
engineéring and metalworklng industries of the Uniteq States
in the 1940s as riddled with bitter industrial strife as
man%éement sought to curtail £he advances in shopfloar power
and in waéés obtained under wartime production coﬁditionsu
These gengral conditions impellea management éo search for
_means to undercut their workers both in the ;;ea of control .
over éhe production process and-in ter@s of;the wage bill.
Noble argues that the rise of vast postwar defence

{ expenditufes, particularly the rise of a large jet-powered

airforce, created the possibility of a téchno#bgical
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solution to labour—-management problems in the engineering

-

industry. -

Military productiompinvolved complex parts made to

\
\ o

1
i

hi tolérances and offen involved machining novel alloys,

regalcitrant to traditi@nal machining techniques. At the
YI 1‘ .

same time, defence grants subsidised the search for new

manufacturing technologies and underwrote investment in new

machinery. Prior to the development of NC technology, the

'fabrication of aircraft wings, rotor blades; and jet turbine

blades through semi~automated techniques using templates and

tracers, cams etc., had become increasingly castily.
-

Particularly as the level of demand for jet aircraft

<

ihcreased, these techniqueé constituted a major bottleneck

in production. - Theijere debendent upon ‘the manual skills,

_powers of concentration, and general stamina of machinists:

and consequently repeat batcheé\gften generatea out-of-

-

tolerance parts and -scrapped output on an expensive scale.

———

By the late 1940s several explorations of new
machining techniques were taking place. Noble documents

detail the innovations by Parsons Manufacturing, a small

in

firm specialisihg in helicopter rotor blade production, to

develop a precise digital tape method for rotor blade

&

machining, and the subsequent adoption of this project by a
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researigkgroup at M.I.T. working on engineering appliéations
of céﬁ%uter technology (1984, pg. 96-105). Imééiled by the
Korean War demand for large numbers of jet aircf&jt, a
demand sustainéd by the arms race, a new technoloéy of
automatic machine tool control emerged in the aircraft
indastry and siowly spfead through this industry during the
1950s. ~

The most convincing aspéct of Noble’s study is his
demopst;ati?n that without extensive support from the
Department of Defence, and the U.S.A.F., NC might not have
enjoyed what limited success it obtained in the 1950s and
1960s even within the aircraft indus?ry. Only with changes
in computer technology in the 1970s has NC* technology spread
significantly beyond the original specialised aircgaft
component appl%cations, But this early slow and limited
growth of NC hardly fits Noble's conception of the
technology as a’solwtion\to urgen£ labour préLlems arising
from wartime and early postwar conditions. Had these
problemé been so pressing‘and the new technology so)clearly
advan}ageous fog éeékilling (and therefore cheapening)
labour and cont;%}ling the labour “procé€ss, one wo;ld have
gxgpcggg_afmqggggqre rapid diffusion of NC technology.

Noble shares with Braverman a tendency t::::gﬁiticably
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accept the claims of NC manufacturers about the potential
benefits (to management) from NC installation. Braverman's
principal‘authority for tMe job descriptions of parts
programmers, encoders, and NC machine tool operators were
machine tool advertisements and an introductory text on NC
for management written by the chief executive of a major
manufacturer of NC equipment (Leone 1967). Such sources
night reasonably be expected to underestimate the demands NC
makes for the maintenance of skilled labour inputs.
Similarly, ngle's characterization of the labour process
and skill requirements of NC technology are largely
uncritically derived from machine tool manufacturer's
advertisements and brochures, and the gditorials and
reportage of machine tool trade journals.

Unlike Br%;%rman, Noble does undertake a study of
firms operating NC equipment. However, h#s survey focuses
upon the managerial motives for NC utilisation purely in
terms of their concern to control the labour process and
this is matched by surveys of workers’ attempts to evade
such controls. Since he does not provide thg reader with
his intefview schedules it is hard to evaluaZe 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 NC technology has developed as
a result of managerial concerns to control and deskill
labour rests upon his distinction between two types of NC

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

record playback —-- developed by General Electric, used a
magnetic tape to recoéd the motions of the machine tool as
it was operated by the machinist in producing the prototype
of a particular piece. Thg/%apg\if/these machine motions
could then be used, fed through a s&itable controlling
device to reproduce identical machining motions without the
machinist. Noble argues that-this automation technique was
easily insF?lled, relatively cheap, required very little in
the way of major capital investment, and had potentially ,
widespread industrial applications. Yet it was not this

system which was ultimately used in NC technology. Noble

accounts for this by arguing that,
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“the strength of the (record playback)
approach, as a reproducer and thus a multi- plier of
skill, 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
conventional machining, it still relied too heavily
upon the skills of machinists.” (1982, 83).

Instead, another system developed,the system of

numerical control whereby blue nt dimensions are

transformed into Cartesian coordinates or some other

mathematical-geometrical matrix and coded appropriately
t
through the controlling device. It is hard to see why the

record—playback system has less deskilling and labour

process control potential than its rival NC system. Even in
i . ' 4
1952 Kurt Vonnegut ( who had worked in General Electrit's

publicity department in the late 1940s) was inspired by the

record-ptayback eiifrlments\to write Player Piano , a major

anti-utopian novel™on the potentially catastrophic 1mpact of

this form of automation QVdnnegut 1952).
]

e}

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

mathematical basis of NC fits witﬁ the engineering bias of

——;Endustrial managers and with the control bias of enginéers,
lTeads him to seriously underestimate” the technical

advantages of such a machine control system. A .

récord-playpdc tem is dependent upon the existing stock
)

L -
of machin{is¥s’ skillsg; a mathematical coordinate system has

¢ ‘
[
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of the choicé of NC over record-playback.

1!

no such limitation. In other words, machine contrbls based .

upon mathematical codes rather than craft knowledge canm, in

principle, be used to produce ?nything designed by the
engineer }within the limits of the physical and mechanical
properties of the machines, tools and materials, of course).
The record-playback system, however, oﬂly produces. items
which machinists are currently able to make. The major
problem with the postwar generation of aircraft was that
they contained‘compdnents which were extremely difficult to

¥

make reliably by the best craftsmen. It is this technical’
N

difficulty which Nople underestimates in his interpretation

Shaiken's Analysis

-~ \ . -
The appreciation of NC technology in detail permits

Shaiken (1985) to present a fd& more nuancedganalysis,
although still within the Braverman tradition (6). This is
in part gue to the author’'s own training as a tool and dié
maker, and also due £o the study design which recognises the
heterogéneity of engineering and metal working industries in

t?rms of products, firm sizes, markets, etc. Using a wide
b,

Y .

. range of qualitative interviews with both workers and

S

management in engineering Shaiken “introduces a number of

50
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significant complexities into the Braverman-Noble picturé.
First, any tech oloéical innovation in industry is

uéed in such a way as éo balance several different goals
which are not easily simultaneously optimized. Thus
quantitative output such as speed and volume may involve
quality sacrifices or high wastage rates. Raw materials are
often variable and machines and shopfloor conditions
sufficiently idiosyncfatic tﬁat managerial imposition of
standardised procedures are less’ efficient than permitting
considerable worker autonomy to take account of these
conditions. Hist%rically, there have always existed
technical limitations to extensive or universal adtomation
and also, because of the aforementionqd conditions, enormous
gaps between the level of automation which is possible in
principle and yhat is actually applied. There are also
social limitat%ons on implementing “optimal” automation
érogrammes; but these do not consist solgly/of worker
resistance but are also the result of managerial
conservativism, and a variety;of economic pressures such as
1imited;éﬁpital, market position;, the need to amortise
existing equipment,etc.

For Shaiken there is an intérplay between all these

[y

factors as well as managerial desires to control the labour

51
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process. But it is the interplay of all these factors
rather than a single, unilateral managerial strategy-which
determines the course of technological innovation. The very

flexibility of NC production, its capacity to efficiently

‘produce high quality, short runs of complex parts, hgs led

to a shift in market expectations in engineering products
for faster production, increasing complexity of parts, aﬁg
greater customizing of products. NC technology reflects all
of these complexities; there are considerable vari%figns in
the success with which various firms have adapted it to
their own production needs; and there is great confusion
among managers over precisely what benefits are to be
obtained by its use. 1Included in this confusiég is a lack
of clarity on the part of management over the labour
advantages of NC; the degree to which it reduces dependence
upon skilled metalworkers; the degree to which cheaper,
semi-skilled lagour_can be substituteﬁ for skilled
machinists; or tgp degree to which new skilla requirements
are generated.

While retaining the Braverman-Noble frameﬁofk
Shaiken's evidence presents a, picture of Ehe diffusion of '

contemporary automation techniques as a complex, uneven

process, marked.as much by failures and sub—-optimal
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applications as by solid succigﬂis. 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 attention to
a very broad range’of engineering and production management
opinion §feyen£s him from adopting the more simplistic
Marxiét approach of his predecessors. Iﬁ there is a bias in
the system, it takes the form of an " engineering  ideology
best encapsulated by Shaiken’s citation from Gideon Halevi
as " an attempt to replace 'art’ by ’science,’ that is, to

replace intuition by computation, while turning skill and

expeq&gnce into fermulas.” (1985, 60). This impulge is, of //”“\_,

IS

course, rooted in the expansion of science, and
sciénce—based technology in industry, and is not simply a
fraudulent ideological cover-up disguising managérial
attempts to control Yabour and to exclude workers from
involvement in the labour process. Shaiken’'s documentation
of this bias coexists ﬁneasily with’h}s :
class-control—of-the-labour-process apprgach, and is never

<«

satisfactorily resolved (7). )
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Modifications to Braverman’'s Analysis

Shaiken’'s work appears to be part of a “movement” among
thoéé sympathetic to the ﬁraverman-Noble perspective towards
a less rigid emphasis on a unilateral and uﬁivgrsal
managerial motivation for technological innovation. Two
other works focusing explicitly upon NC have attempted to
reconcile a class-contfbl approach to industrial
organization with a more nuanced sense of economic and
technological complexities. ) ’

Wilkinson's study (1983) comprises four cases of NC
automation in different engineering plants in the West

Midlands (U.K.). He is critical of® both "Braverman and the

innovation— diffusion analysts such as Freeman , Rosenberg,

and Mansfield. He argues that the latter group
depoliticis?s technical change; assumes that the.physical
characteristics of technology determine organisational )
requirements; analyses technology as a putative independent
variable havifig “impacts™ with .little réference to how these

impacts are at” least modified by specific organisational

actors. Technology itself is treated as a neutral input \

into production systems and the motivation behind its

‘introduction or adpeption is purely the product of market

-
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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, ,
“The context in which technological change .
occurs is treated as if of importance only to the
extent that it constrains the changes, or is changed
itself by the new technology. Thus instead of
discussing, for instance, the nature and
availability of skilled labour within a firm and the
way this might affect the choic¢e 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 workexr
to technical 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, 11).

At the same time Wilkinson is also critical of the

Braverman analysis of Taylorization of the work process

T

which downplays ‘the role of workers as active negotiators in

the determination of work relations. In contradistinction

]

to these two approaches, Wilkinson’s aim is to “uncover the

»
ways in which the values and interests of managers,

éﬁgineers and workers profoundly influence the choice and
use of technongy, and thus the work organization which

emerges.” (1983, 12).

Wilkinson looks at four small-batch manufacturing plants

. ¢
“— two of these are small enterprises with about 50

Ed

employees, iargely unskilled workers in a metal-plating

55
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~“ plant, and skilled workeré and technicians in an opticale .

~lens factory. The other two plants are medium-sized
organisations, emplo iég 3504450,people, one in rubber -
moulding and the othér in machine tool manufacturihg. These
larger plants’ labour forces comprise a mixture;g?/gikilé}
but both include cores of relatively skilled workers. All »
but the metal-plating company are subdrdinates of larger
corporations.

These case studies are presented in support of

Wilkinson's primary contention that neither the adoption of

»

- ’ particular technologies nor the organisation of work based
on them is ofjectively determined by the characteristics éf
the technology. Instead both are the result of informal
political negotiations between .management and workers.
Contrary to the “ impacts of innovation” approach,

\Wilkinson argues, management uses rather loose estimating
m;thods in justifying capital expenditure on new £echnology
and that even rougher measures were used in assessing thg
success of new teéhnology once it was %nstalled and in

éroduction. For Wilkinson, statements abodt efficiency or g

productivity, or about production quality, tend to be

glosses or rationalizations for managerial action (1983, pp.

82-84, 86).
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. In these respecggf\gﬁ course, Wilkinson's findings are

similar to those of Goid. However, while managers tend to
feel most secure when their actions can be justified in
terms of objective measures of improved performancé,
managerial intentions are moxye diverse than solely
labour—directed desires to deskill or unilaterally control
“ production. Thus, Wilkinson documents disputes between
adifférent~levels éf management; between management with
financial as opposed té 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

-

productive éfficiency pay—-offs of technological innovation

are difficult to"estimateh the labour process control impact
of technological changelafe also difficult to anticipate.
Workers' efforts to control their work are often a functien
of unanticipated problems of technolggical changes , and
shopfloor skills are often required Zo modify the planning
engineer’s designs for effective operation unde; real
production conditions (1983, pp.91-92). The_gxtent of *

*
shopfloor control is strongly affected by pre—existing Q%Ek

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

q

negotiations and shared understandings surrounding the

-
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operation of previous genefations of technology and work

2

organization (1983, pp. 86—92),.

While Wilkinson’'s case material stports his-main thesis
rthat the adoption of a particular technology and the way it
is used is not objectively determined but a matter of

socio-politicaldnegotiation and definition, his study fails

o \ - b
to satisfactorily interpret his findings. His approach is

very much in the Braverman traditionw“modifyed to allo¥ for
the aétiﬁe involvement pf the work force in controlling work
organisation as technology changes. The recourse to the
term "politics” rather than the traditional “informal
.organization” is symptomatic of his reading class struggle

meanings into rather more mundane industrial relati®ns

.

processes.

A 4

More substantiaIly> however, Wilkinson fails to taﬁe
J - °

1 A

advantage of his- comparative case material and is unable to
3 [+

specify any’qffihe patterns underlying the process of social

bt e

definition in situations of technological change. . For

example, he does not develép any hypotheses about factors

-

enabling workers to play a larger or smaller role in
~ ~
determining work procedures emerging with the new .

technology. His cases suggest some such .factors including

the extent to which the workers involved are skilled‘

”7
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craftsmen ox not, and the deé&ee to which resbonsibility for
implementation is assigned to middle or senior manégerg.
Similarly, the cénditions determining variations in
management attitudes and intentions are never systematically
analysed. Wilkinson is too ready to dismisé gompetitive
pressures, for examﬁle, but’ his cases appeared to be quite
differently placed in relation to such pressures. His case
material, in fact, seems to demonstrate that management

concerns to control work procedures are quite directly

linked to these pressures. - Thus, while Wilkinson's analysis

-

o

is usef;}’in exposing the informal,organisational-political
*dimensgion as a conditioning facto#°in technicalréﬁgnge, his-
analysis is entirely'too inhibiﬂea'by the labour process
approach to advance our, understanding of the precise ways

this factor operates,

~

Finally, I should discuss Bfyn Jones’ analysis of NC use

in British aerospace firms (1982). Jones is also a.

» o

sympathetic critic of Braverman who} he argues, developed a

theory of deskilling which was too “deterministic” and

"universalistiic.” Jones wants Fo develop an explanation of

the direction and nature of skill changes in contemporary

capitalist industries which takes account of trades union

sttategy in relation to labour markets; the firm's prodqct
’ | ’

a
t
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markets; the firm’ product compositwion — i.e. whether
stanbardizéﬂ, batch size, steadinesslor periodicity of

ent control systems

}

which develop as technology changes.: His case studies are

demand, etc.; and the machine—manage

not supportive of Braverman’'s visién of a single deskilling
trend arising from the app}iéation of advanced technoloéy.
More importantly from my perspectivg, Jones finds no
single, coherent managerial strategy pertaining to the
adoption of n; techhofogy. Even though all thé firms in the
sample were involved in aerospace production and so might

reasonably be assumed to be most famdliar with, and under
the‘most intense pressure to keep J? with "NC technology,
none were ordanised uniquely around NC technology. Only one
firm which was specifically established as an NC machining
subcontractor, planned its investments solely in terms of
its nc requirements. Even here; half of it% machine tools
were conventional ones used for finishing work, prototype
and development items,\etc. In the rother firms sampled NC -
machines were scattered among conventional machine tool;;
they were acquired on anm ad ho; basis as funds allowed, or
as replacements were needed, and not as part of a separate
conscious NC developmenf)strategy. In partitular, there was

no sign of wholesale reorganization along the lines

\]
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suggested\by NC technical literature, but a persistence of
Q?ganizational patterns traditional to the engineering
industry. ° ‘

Furtﬁermore, 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—effiq&eﬂcy terms —-- reduction of mac%ining time,
especially of the time in-between machining sequences;
improving quality, finish and tolerances; and improving the \
capacity to repeat machine sequences without variability.: N
At the same time there were divisions and disputes within
mqnagement over'precisely how useful NC technology was and

how advantageous it could be in comparison with 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 -striving for control

L 4

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

process is the logical equivalent for these writers to the
& : o
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profit motive in the profit m ximiziﬂg theory of the firm
which underlies most economic analyses Zf diffusion after

iables

i

hich account for. the

Schumpé r. The intervening va
of labour deployment

diversity|of skills and methods

associated with the introduction and-~use of NC and sq

obscure the “basic” tendency of |deskilling are often similar

to those adduced by ecénomic_ana ysts to explain the
unevenness of diffusion.
Thus while reméining sympathétic to Braverman's emphasis
on thé labour process as the most significant area for
understandiné/fndustrial relations, subsequent writers
(apart frqé Noble) have %oved closer to the
innovation-diffusion perspectives on technological change.
In the latter, as we have seen, there is an incregsed'
concern with "subjecg}vém factorsosuch és managerial
attitudes, informal organizational dynamics, the complex
interplay between market pull and technological push, the
gap between formal accounting c§iferia and the "real”
factors motiva#¥ing decisions, etc, These factors deflect
the diffusion process frém the optimum path ensuing from
profit maximiziné firm behaviour. In‘both the labour
process and the economic theory of the firm, the central

. l
assumption characterizing management decision making is

T o
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problematic as a description of management behaviour, There .
remains a basic empirical question, %hsn, of "How does
management decide to adopt and use neﬁrtechnology?" This
question is answered by assuming a single motivating’

strategy in both labour process and economic diffusion
analyses.

Elster (1983, p. 111) has argued that technological ”
change gituations are too often chargcterised by too much
uncertainty for rational choice to be well defined. Hence
economic theories based on optimizing models have to be
replaced by “postulating that firms search randomly and then
decide on the basis of satisficing rather than optimizing”
(Ibid.). Elster is concerned with the formal or logical
issues associated with the development of a theory of
technical chan?e having satisfici \ ather/than opt%m%@ing /j
behaviour as its micro—foundations. However, there i§ a '
range of empirical issues requiring investigation involving
the discovery of the constraints limiting optimization, the
existence of multiple and conflicting goals, the existence
of areas of uncertainty and limits to knowledge which make
utility maximizatfbn\a mat®er of luck rather than judgement.

New technologies bring with them a variety ofh

uncertainties —— their performance characteristics are -
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uknown, the produéts they turn out may affect demand and
markets in novel ways, their operations may alter labour
deployment’, they may require new managerial inputs, etc.
The diffusion o;\\éw technologies, because ¢of these
uncertainties, involve satisficing responses on the part of
management. Are these responses c?psistent° What does
management do to limit erious uncertainties in the course
of adopting‘and usjing new technology? How does management
minimize the risks new technology brings to establ;shed
patterns of work organization, market relationships, etc.?
Profit maximizing and labour pfocess control modefs of
managerial behaviour treat the processes and conditjions of
learning about new technology in“a particular industry
casually, as if knowledge and information are unproblematic
or available easily and equally to all firms.\ How do
managers get to know about changes in production technology
in a éituation of rapid and extensive technical change? How
do they eéaluate the information and sources of information
they acquire? These are obyious questions and yet I find
very little description and analysis of the way managéﬁent
keeps informed about production technology, despite the

convergence of the literature on a “multilateral” vision of

managerial decisions about technical change.-
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Further, there are two related problems about which we
have little information : little attention is paid to

~
changes in technology as it is diffusing and is adapted to a

variety of oﬁerating conditions. As technology diffuses
within and between firms, learning occurs and a range of
successful adaptatiéns, modifications and accumulated
experience and knowledge develop. Much iiyovation—diffusion
analysis treats technological i@ems as static, unchanging
entities which diffuse in their original form throughout
some industrial sector. This underestimates the complexity
Jof diffpsion, and preciudes‘looking at differences in firm
experiences at different points in lﬁzmzzme period of
diffusion; &t differences over time in the experiences with .
the (changing) technology within a single firm; and the
interplay between these factors. . |

It is to redress some of these lacunae that my stuéy was
conceived. The central question framing my study is w%at
perséective and strategies do management bring to the
aecision to adopt and use NC 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.
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Footnotes

Schumpeter distinguished between Kitchin, Juglar and i
Kondratiev cycles, each of whose length depended on
the type of disturbance producing it. Kondratiev cycles
were of approximately 50 years’ duration and triggered
by major shifts in entire technologies and economic
\ organization such as the rise of steam power or the
birth of railwa ransportation. These shifts involved
any interconne%CZd innovations and, combined wit
ogenous events such as wars, gold discoveries and
hetvest failures, produced large scale economic, changes
er long periods of time. The shorter Kitchin (4 year)
pnd Juglar (10 year) occur due to two other innovation
related processes. The spread of technology and minor
adaptations of established technologies constantly force
firms to adapt to these changes by rationalizing their.
erations. This often takes the form of labour saving
ald capital saving reorganization which may have some

. " recessionary effects on the economy. As well, some firms

simply fail to adapt, go bankrupt and again cause declines
in demand for various goods and services. Akecond 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 particular
area of the economy and then an equally irrational reaction
of withdrawal of investment. ,

See Enos (1962), Strassman (1959), (1959a), Usher
(1954). 7

There' is some dispute over the appropriateness of
different sigmoid curves, whether there is any one
type more appropriate than others, and what is the

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

See Kennedy and Thirlwell (1972, pp. 13-20) on the
early development of the post—-war American writings.
Examples. of later studies of technologigal change jin
detail include Griliches (1957), Hollander (1966)
Mansfield (1968 and 1977), and Schmookler (1966%ﬁw

& . [
Noble’'s main case for the manipulation of NC by
management shows that plant management were under y

6\6 M '




R

severe pressure by central office management to
rationalise and increase productivity. Local managers
_were in fact somewhat sympathetic to a project of
job enrichment which was attempted with the introd-
uction of NC to compehsate for shifts in traditional
methods of incéntives calculation and job classific-
ation. In addition Noble’'s presentation of the costs
of NC technology clearly demonstrates the purely
economic justification for obtaining hidgher labour
productivity levels. See Noble (1984), pp. 265-323,
and especially pp. 266-269. ’

6. Shaiken’'s interpretations of NC automation in his
1985 work is less dogmatically Braverman-like than
were his earlier essays (1971, 1981). However, his
labour process approach appears to determine, to

- some 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 small job
shops apparently operating under extreme compet-—
itive pressures and directed by paternalistic, self-
made entrepreneurs with markedly conservative
business views. The fact that some of them probably
come from the ranks of skilled metalwbrkers them- ‘

* selves is not explored by Shaiken. )

¢

a

7. If anything Shaiken tends to defer to Noble's analysis
of the rise of the engineering profession in America
(1977). Here Noble argues that engineers developed a
professional identity as ‘corporate reformers’ who
sought to design both technologies and production
organizations according to rational precepts. Their
efforts unwittingly supported the aims of a new
generation of capitalist managers corcerned with
rationalizing and stabilising large'corporate
enterprises. An excellent review of the historical
deficiencies in Noble’s argument has been written by
Merritt Roe Smith (1978).

8. CNC or computer numerical control technology is a <
~“system of machine tool control where the machining
programme is fed directly to the controls either by
s a microcomputer built into the machine'sjcontrols or
by direct input from mainframe. This method of control
eliminates the pr?g?ss of preparing and transferring
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, @ tape or disk from a programming centre to the
machine tool. For descriptions of the development of

this technology see Bylinski (1975), Gunn (1982),
Marsh (1980 and 1982), Ruzic (1980).
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Chapter 3: Study Design and Procedure

N
©

The two schools of thought examined in the preceding
chépter have different conceptions of management strategies
and decisions with respect to°the adoption and use of new
technoiogies. of céurse, both approaches view profit
maximisation as the fundamental, underlying management goal.
Yet they diverge in their depiction of the means of
achieving this goal. Diffusion w?iters stress the technical
conditions favouring the profitabl% use of NC technology.
For example, emphasis is placed upon the greater precision
possible with NC machining; NC's.reprogramming capacity as
against the riéidities of fixed automation, etc. Labour
process writers emphasize the social control aspects of nc -
machinery: the separation of plannind and execution possible
with preprogrémmable*machinery; theupossibiliﬁy of machine .
pacing workers’ activities; the potential reduction of

-

skille¥ machinists to tool loaders and monitors and so OHT////
While éhere has been some dispute among diffLsion analysts
over the extent to which technological innovation has tendﬁﬁ\
to be labour saving (Rosenberg 1982, pp. 14-16; Stoneman
1983, pp. 52-58), l;bour process writers assuﬁe labour

saving consequeﬁces to be the primary objecti&e in a

/ -
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conscious and coherent management strategy.

As is tﬁ; case with organizational: decision making in
general (Perrow 1972, pp. 145-157, Simon 1979, pp.500-501),
it is'p{obable that'ﬁanagement decisions about technology
are too complex to be characterised b& such monolithic,
universal orientations as profit maximising or labour

1

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

A

labour process writers is, in my view, a better research
approach to Sncover the complexity of decision—makiné than
is the method of large-scale, standardised questionnaire
research favoured by the diffusion writers. Hoyever, the
;abour process writers such as Noble and Shaiken
overgeneralise from industries such as aerospace and ~J
automobile manufacturing which have very specific
characteristics. Wilkinson, in contrast, fail§ to make use
of the variety of industrial characteristics present in his
§amplé. Furthermore, the meghodé:by which management and
labour respdnses are elicited:by,these writers are never
presented, so that it is extremely difficult to evaluate the
strength of the evidence presented in support for the labour
- conEEQl’hypothggis. /

-~ 1o avoid these“problems I have develoﬁed a study design

which satisfied three fundamental criteria: firstly, the
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sample should be.largé enough to reasonably represent the
variability of production types and firm characteristics
within the engineering and metaléorking sector ; ,secondly,
the method used should be édequate to allow prob}ng
potential complexities of managerial decis%on— making ;
thirdly, the technique and sample should permit the
investigation ¢f the temporal dimension in order to take
account of the rapid evolution of NC technology.

The size of the sample was determined partly by the
range of firm varjation I @anted to include and paétyy by
thg investigative technique used (an in-depth interview .
discussed below). Thus 60 firms provided me with multiple
representation of all the major categoéies of metalworking
plants (aerospace, tool and die shops, electricaLKéauipment,
transportation equipment, sheet metalworking, val;es and

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

the diversity of this manufacturing sector. A smaller

‘ -~

sample would have beeq less reﬁrésenﬁative; a larger one
would have taken the‘study'beyond thé'capacity of a single
researcher wérking w;th the resources available to me. 1In
addition to being drawn from different branches within

. engineering and metalworking, the sample also included both
recent and longer term users of nc machine tools. As well,

71
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the respondents were selecﬁed from a broad;range of plants
in terms of empLofment size. The latter was viewed as a
proxy indicator for variation in a variety of firm
characteristics'such as leYel and mode of production,
contracting;relationships* market control, and so on, which
might be significant factors impinging on management’s

considerations of nc technology.

£

The Sample

¥

A sample frame was constructed using the NC user census

carried out annually by the Canadlan Machlnery and

Metalworking jowrnal, and comblnlng this w1th product line

¢

and‘emplyyment size information from Scott’'s Industrial

Directory. The Canadian Machinery and Metalworking journal

sends out a mail questlonnalre to its subscribers requestlng

information on the purchase of numerical machine tools.

-

This survey was first undertaken in 1969, followed up in

1974 -and 1977, and has taken place annually since 1980. 1In

addition to the direct responses to the questionnaire,
machine tool suppligrs are surveyed on sales and this
information is used to substantiate and exband the reader

returns.

v

‘ . ) .
The other elements of my sample frame was provided by

-
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- of time.

%
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Scott’'s Industrial Directory whose listings of manufacturing

and other business establishments depends -also upon_

voluntary registration. It is the most extensive listing of
! « . Ed
business units in Canada. It provides detailed information

= . [

on products, ownership and eniployment for a large proportion

of the firms which appear in the Canadian Machinery and

Metalworking NC user census. “Combining these two sources

generated a list of NC users identified by type of

industry,or product line, and size of employment. Wherever

possible firms have been identified in terms of variation. in

$

two other aspects of néﬁtechnology. First, both long term
users and more recent adopters within each industry branch
have‘ﬁeen.identified. Second, variation in the extent of

¢ . -
~utilization of nc machine tools over time was identified.

[

¢ 3

In othe;)&ords, the sample frame inc}pded jirﬁs which seem

rd

to have expanded their NC invesfments, and firms which have

1

held steady at a fixed number of machines over a léng period

®

a "

v

Firms outside Quebec and Ontario were excluded from’my

, sample frame. This was a pragmatic move designed fq render

. - %
the sample manageable in terms of a single-person study.

However, these two provinces have an overwhelming dominance
- Vomat ., . °

L)

in the proportion of NC users,’ so that serious distortions

@

y




'in representativeness were not expected to arise from this
decision (1).

Selection of the cases to be studied from the resulting
list was not random.

In some cases. the number of firms of
an industry subtype were just too few to sample.

In other
cases a firm was referred to as a significant example of NC

use by man& respondents, and as having an:important

s [ed
influence on the diffusion of the technology in the local
iﬁdpstry. The "overrepresentation” of aerospace firms among

P .
the Quebec group, reflects the prominence of this industry.
in the Montreal region.

Thus many. of my sample’

establishments which were listed as jobbing machine shops,

or tool and die shops, turned out to be primarily aerospace
subcontractors.

L)

This concentration was compensated for in
the later sampling of Ontario firms by deliberately seeking
out non-aerogpace related' NC users.

The sample, then,

is
entirely a purposive one and not one developed through
random selection.

It was designed to obtain a diverse range
of nc users (2).

)
I
[

The resulting sahple comprises 28 Ontario firms and’ 32

1]

Quebec firms belonging to the metalworking and engineering

group of industries, Some basic characteriétics of my "

sample are provided in Appendices A -and B.

3
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The Interview (1)

o

The two schools of thought referred to in Chapter One
N .

present decisiops to adopt and use NC technology in quite

diffe{ent terms. Labour process ﬁ;iters argue that

management operates with a relatively coherent strategy

aiming at the';eduction of labour costs and increasing

managerial control over all phasés of the production

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@ﬁptions‘and perspectives-difectly
examined. It is to this gap thaihmy study 'is addressed.

The tool® being used is an in-depth interview rather than a
structured questionnaire. This tool was selected because I
was interegted in strategic asspmptioqs and perspectives
which might underly day—tb~day managerial decisions in
running production operations. I therefore needed the
flexibility to probe and explore certéin responses wkich may E
ﬁot immediately reflect the strategic oriengﬁﬁion. Further,
;t was possible tha%g?ﬁs:Gold (1983, 'pp. 257-259) suggested,

various post-hoc rationalisations may have existed and these

have to be prébed 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-face interview situation of some
y
» flexibility, rather than to adpere to a rigidly preset
interview questionnairé.é’

As the field research progressed, a number of adyan£ages
of the interview method emefGged, in addition to the
anticipated capacity for probing. In many instances I was
passed on to individuals more,infofmed than ,the initial
respondgntg~— those who had been with the firm longer, or
who had been involved-in specific decisions, for example.

In the majority of cases, the personal interview culminated
in an invigation to tour the plant. This provided me with
opportunities for more detailed observations of
manufacturing activities involving nc technology; for
further probing as a résult of these observations; and for ‘
“gonzact and questioning of éhopfloor personnel. In
addition, the relative informality of the interview, as
"agaihsp committing oneself in written questionnaire -~
responses, seemed to permit many reépondenté to freeyy

;

discuss mistakes and failures in technological decisibns,

|
and to make a variety of cri;ical 6bservations about NC
technology and their firm’s utilisation of it.

It was intended that the subjects interviewed woulld be

76 .
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plant or production managers whenever possible. This
category of management is responsible for directly

overseeing the production procegé, and for translating
L ]

‘overall price guidelines and product demands into actual

production runs. These managers ushally have engineering or
technological trainiﬁg, are in close contact with production
engineering, shopfléor supervisory and maintenanqg
personnel, and are a key source of inﬁormation guiding the .
adoption and use of technology in éhe plant:

In 50 of the cases I was&éble to interview this category
of management, ®r a close counterpart who was directly
involved in producﬁion engineering or process planning. In
the case of. one iarge aircraft company I was provided access
only to the Director of Engineering Personnel. Ho&ever,.hé
was himself an engineer with & production background and ,
appeared to be au courant with technological and production
issueé, and was certainly informative with respect to

\

training, promotion, apprenticeship and other personnel
matters. ' ) ‘ b
In the remaiping 9 céses (6 in Quebec, 3 in Ontario) my
informants were juﬁior_ménagement or technical personnel, °
primarily programmers for Nbrmachinery. Although theif

perspectives on nc technology were virtually identical to
& - -
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that of plant and production managers, in 4 cases they were

lgggaiﬁ?ﬁrmed about the history and background Qf their

firms’' adoption and use of nc than more senior personnel

might have been. 1In particular 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 some useful

information about the actual performance of the .machines,

especially with respect to their programming, and also . N
. provided detailed accounts of the way they worked with nc

©

machinists and other shopfloor personnel.

Research Foci

S

My assespgment of the current state of

Ve
’ ~ o

innovation-diffusion research (including the labour process

analysts) did not suggest an adeguate model of technological

PU—

choice in relation to nc. Analysts such as Mansfield and

. Globerman point to profit expectations as crucial

determinants of nc adoption. . Yet,‘givén the gap between the

LR Sl AW

glowing descriptions of the potential profitability of NC in
engineering trade journals and the actual level of diffusion |

.
(see chapter four), such expectations probably depend upon a h

- |
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number of other, underlying, conditions. Gebhardt and

Hatzold’'s study begins to show some of the complexity of

such conditions, and eXplore a variety of factoéé which

facilitate or retard diffusion. Despite their success at

>
identifying some of ‘the determinant's they note that the
diffusion of nc is still highly 'uneven, even within a group

of metalworking firms (valve and pump manufactureyrs) which

should clearly benefit from NC. They suggest, but are

unable to cleérly prove, that managerial attitudes apart
from profit expectations contribute to this battern.
1
The labour process model is simpler - management’s

overriding strategy in the pursuit of profits is to reduce

labour costs. This requires continuous expansion of

management supervision and control of the labour process;

and fraémentation and deskilling of labour. However,

neither the evidence on managerial perspectives on labour

(Gallie 1978), nor on deskilling (Jones 1982) support a

strong version of this hypothesis. In other wor@g, it is

s
poss%?le that there are instances where management do

attempt to 'reduce the skill content of the labour process in

4

search of c?st reductions, or that this may sometimes be

associated with conflicts with craft unions. So a more

.\ .

cautious labour process interpretation would lead one to
| .

i

z

: " S
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expect that these instances ar s widespread, nor do

they represent management’'s primary jective or tactic of
first resort. Nonetheless, labour process theorists must
claim that concerns with labour costs are.in some quite

frequent circumstances saliept and central in decisions to .,
~

purchase the technology.

~

In my judgement, then, the current literature provides
us with a modifieq%profit expectations model which still.
does not account for the variability of NC adoption and a

1

labour process madel which claims that labour costs_are an
important consideration for some unspecified proportion of
decisions The vagueness of these specifications of the
theory does not allow rigorous tests:of hypotheses
Consequently, I am attemptlng to dlscover what patterns
exist in managerial perspectives and actions’ with respect to

"
a number of aspects of the diffusion of nc tsghnology, in a e

carefully selected number of firms. T

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 strategic orientations for..

diffusion decisions. There are several possible strateglc

.orientations (with ikoe parallels to those whlch Freeman (

2



1982, ch. 8) suggests for innovation strategies): attempting
to be among the leadé}s in testing new technologies by
application in production situations; using new technology
in caiefully restricted applications and watching the
resulfs closely until the technology has proved itself in
situ , waiting until the technology has been used
successfully by others in the field. A fourth possibility
is that there is ﬁo discernible overall strategy and that
technological adoption decisions are made on an ad hoc
basis, as and when circumstances require them. By this I
mean that sometimes management waits‘for a technolod to
prove itself before adopting it; and at other times the same
management will experiment and lead in the use of a new
technology. The data discussed in Chapter 6 suggests that
the bulk ¢f the qompanieg in my sample followed a ,
consegyative strategy, waiting until the technology had been
proven and then adopting it for specific applications. ‘Some
companies did appear/{g operate on an ad hoc basis and a
very few attempted to be technological leaders. ,

ii) The second aspecE‘of concern, which is wery:

Lad

ith the first, is that of intelligence

closely connected
gatheringy and the ledjrning processes associated with a

technology which has nded to change increasingly rapidly

81 .
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since the arfi&al of the microprocessor. Before managers
decide to purchase a piece of equipment they have fto find
© out about its existence and its potential performance. The ,
first issue here is how managers obtain information about

projuction technologies and how they évaldgigggﬁ> sources
and content of,&his ;nforqa?ion. What is the relative
welght attached to trades journal reports, machine tool
company representatives gnd salfsmen, trade exhibitions,
industry associations, etc.? How systematic %s the search
for a machine tool once the decision to inve3& specifically
in nc;technology is made.? To what extent islthere )
systematic variation in a ss to information? These issues
are explore in Chapter 5. *

A related but distinct issue is that of the
learning—6y~using'prdcesses which may (or may not’) occur,
and the impact that these may have upon diffusion. It
appears fé be generally assumed that such processes
facilitate diffusion either by leading the pioneef firﬁs to
become even m#re committ;d to the new téchnqlogy, or by
inducing the, laggards to jump on the bandwagon befq;e a

¥
lgrge technological gap develops. However, pioneering éoﬁld

also involve declines in efficiency and resource diversion

/
on a large enough scale to slow down or reduce the pioneer’'s °

/ .




commitment to new technology and to discourage emulation by
others. Rosenberg (1982, p.i07) sugges%s that the latter is
particularly likely under conditions of veéry rapid
technological change. The éxperiencés associated with using
NC technology are ahalysed in Chapter 6, pb. 211-227.

‘ iii) The third area of investigation is that of
the labour concerns management may have. When I started out
this"resgsrch itggeemed to me that mast of the labour
process Wiitings far too narrowly focuses on the
issues of labour costs and control over the iabour process.

.

However, if these issues are indeed salient management
caoncerns, then one would expect them to be doubly so in the

engineering and metal working firms I planned to study,

" where much production is still dependent upon high wage,

.high skill labour inputs. In fact 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

l%bour problems industrial management may confront. Skiil

shortages that were persistent (for example, tool and die

T

makers) and short term.(for example, maintenance workers:

with skills in both mechanical and electronic machine

compongitf analysis and repair) may exist or be intensified

~
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by the diffusion of new technology. KXot all firms are able
or willing to offer premium wages and different
lqboun—technology combinations may emerge. as management?,
degelop different strategies to cope with skill-sE?rtages.
Under conditions of a rapid, broad—spectrum[léhift in

technology, as in the case of microproGessor teéchmology, 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 traditionalapatternsiof promotion and
reward, and the demands of the new tééhnology. /The
development of a skills generation gap may also disrupt ﬁhe
traditional arrangement of operating with a core group of
established skilled workers employed, at least imblicitiy,

on a last to be laid—off in bad times basis. Thus technical

change and the diffusion of new technology may generate some

very significant dilemmas for labour force management,

dilemmas which have not been iﬁvestigated or stresséd in the
class control approach of the labour process writers. Such
issues of labour deployment, skill levels, labour training
and lagpur shortages are explored in Chapter 7.

v) Finally, NC tecﬁhology itself has changed over

~

. ‘time. Prior to the development ,of the microprocessor, NC

!
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controls shared many of the limitations of the conventional
computer —-— particularly limitations concerning the slow

speed, complexity, and error proneness of programming.

" Microprocessor controls are faster, easier to use, and have

become diagnostically sophisticated so that errors are

‘easier-to discover befoere _machining occurs. ' In_addition,

interactive prégramming and proofing has-made the task of
programming more “user friendly” and accessible 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, prdtotype development and
testing througd simulaﬁiqn in the course of producing the
machining programmes, may have the potential to reduee
shopfloor workers’ role copsiderably. The history of NC
technology is surveyein Chapter 4, pp. 93-100,

The development of NC technology has had consequences
for the machine tools themselves. NC automation involves
more intensive and contiﬂa%u; use of machine tools which has.

led.-to changes in construction to improve durability and

rigidity. Subsequently, the designs of NC machine tools

: o
themselves were altered. The “machining centre” has emerged

2

which combines the functions of'vertical and horizontal ¥
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milling machines, with those 'of the 1athe°%nd the drill
press. Novel attachments to machine toofs such as automatic
tool chaggers which ghtomatically feed tools in presé£
%equenceelaccording to the maéhiﬁing operation required,
have become standard attachments to NC mills, lathes qpé
machining centreg. Automatic mulfip%e pallets for holdiﬂg

several pieces to be machined simﬁltaneously 6r sequentially

have alse been developed for NC tools. Such changes are

still in process and herald, according to some, a new age of
k<]

flex1ble manufacturlng systemé or wholly 1ntegrated
automatic, factories where loading, unlgadlng and all

" machining is entirely automated. As yet Qery few such
operations exist with much approximat%on to this level of
automation. However, these changes iﬁdicate that nc

!
.technology has itself altered very sidnificantly since ‘its
. |

emergence in the 1950s. I try to expﬂore the impact such

changes in NC technology has had on ma nagement s deC181ons
to use it throuqhout the analy81s in C \ﬁg\f 6. As Gold
(1982) again points out this aspect of the effect of
technological changes on d}ffu51on is l

incorporated into diffusion studies. o\

[
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» so far.
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Conclusion

In summary,/then, in order to uncover managerial l
assumptions, per§pectives\and strategies pertainingiid Nq
technglggy, I have interviewed a ;aﬁg;e of production and¥’
plant managers in engineeiing and metalworking fixms"i '

currently using numerical control technology in Quebec and‘

Ontario. The firms were drawn from different industrial
I .

groups within the engineering and metalworking sector: metal

fabrication, machinery manufacturers, transportatign

equipment, and electrical and electronic goods. The sample

also includes both Yrecent and longer term users of NC

e

machine tqols. In adddition the managers were selected from
’ ‘ .
a broad range of plants in terms of employment dizé&. Thus

it is anticipated that the range of firms selected would
A - - N ~

-

provide a clearer picture of the variety of factors

g

influencing the diffusion of nc technology than has émergeé

~

>
5,

In my next chapter I shall survey the~dévelopmént of NC

technology itself.

<
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Footnotes

The one area of engineering which 1is excluded by
the decision to research only those firms located
in Quebec and Ontario is o1l drilling and suirveying
equipment. Judging by the recent spread ol nc
using firms in oil drilling areas of Alberta and
the Maritimes this is a significant new arca ol
NC application. However, it is likely that such
application is similar to heavy equipment manut
acturing generally, and we do have several of
these firms in our sample.

Unfortunately the bulk @f the outright refusal:
(and what amounted, in practical terms, to the
same thing, the months long delays and covasions
1n becoming available for 1nterv1ews) were {1 om
owner-operated small, precision machine shop<s
which hadl adopted nc after 1981. In every casc
pressures of business were cited as Obo acles to
any 1nterviews.

At the outset of my study I intended to tape all
of, the interviews. But first I found that this was
impractical during factory tours where noise
levels and mobility resulted in inaudible tapes.
As well, my third informant refused to be taped,
although he was willing to wait while I wrote down
his responses. Consequently I developed the
technlque of writing out my interview notes .in
full in the company reception area (or in my car
1f there was no reception area) immediately af ter
the interview from the “shorthand” versions I
wrote during the interview itself. This permitt d
the recovery of the data “verbatim” without the
use of tape recording.

%
x
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Chapter 4: The Evolutidn of NC Technologqy

< 9

Introduction: Basic Types of NC
Introdu yp -

Numerical control is a technique for automatically
controlling machine téols such as lathes, mills a;g punch
presses.  In NC, operating instructions are given to the
machine as a prepared program of coded numbers indicating
the feed, speed, depth and nature of cut, etc. This
programme of instructions was at first prepared for storage
on punched cards, but storage on punched paper tape or on
magnetic t;pewquickly becaﬁé‘standard in industry. With the
development of mini- and microcomputors in the 1970s disk
storage and then “"direct numerical control” (DNC) emerged
where the programme was directly routed to machine tool
controls without‘ghé aid of a ;eparate physical medium.

Once the programme is provided to the machine controls, the
instructions can be carried out automatically with a minimum
of human intervention.

The idea of a flexible system for controlling the
operation of production machinery originated in the
eighteenth century. The first patent for suqh a mechanism
was issued in France in 1725 for a knittin§~machine

-

controlled by a perforated card. 1In 1804 another French

w
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iﬁyentor, Jacquard, patentéd a knitting and weaving machine
controlled by punched cards. A gap of over a century >P
occuryred before another -significant flexibly controlled
machine was developed by an American inventor named Scheycr.
He patented a continuous-path cloth cutting machine for the
'

garment industry in 1916. This machine was controlled by
perforations in a paper roll similar to the methodlused to
operate the then popular player piano. In 1930 a patent was
issued to another American for a method for controlling tho
operation of machine tools by punched cards. While all
these examples incorporated the baéic principles ol
numerical control, their control systems lacked versatility -
and reliability. The commercial development of contemporary
numerically controlled machine tools is generally
acknowledged to have originated with the post-Second World
War experiments to improve the manufacture of helicopkor
rotor blades by the Parsons Corporation in the United States
(Howe, ed. 1969, chapter 1; Lynn, et al. 1966; Noble 1981,
pp. 81-103).

There are basically four generic types of NC machine
tools considered in terms of the degree and type of control

&

[y
system involved. The simplest type is manual NC which is

the cheapest and least automatic. The numerical instruction

Q0 ’ R \

5
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selects or initiate€s a machining movement which, when

completed, reaches a stop which has to be manually reset in

order to repeat the movement agajn .or to go on to th& next

"movement in a sequence. Setting all 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
ingpection or gauging’for tolerance aﬁd finish is required
. the end of each movement. Because of the pétentially
large non-machining time and operator intervention, this
Lf?e of NC is usually confined to simple work involving a
small number of cutting Rovements and long production runs
of large batches. This :Lthod was applied, for example, by
one firm in my sample for a run of automotive engine'block
castings where high precision and fine surface finish were
key requiragsgfs. In this instance the machining movement
was a straigkt pass of the milliﬁg cutter over ébe two ends
of the aluminium caséing. At the end of each pass the
machine wou;d automatically stop while the operator unloaded
the two finished castings and loaded the rough castings onto

the machine.

The next simplest type of NC is positional control Here

the machining 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 terms of a matrix via 'x’ andl:y' coordinates. A“simple
timed machining cycle moves the tobl to ééh coordinate
location ané then activates the cutting or mMachining
process. The tool does not cut or machine as it. is moved

-

bégweeh'each cogrdinate positioﬁ. This was the'firstrsystem
of nc machi%ing to spread significantly beyond -the-aircraft
industry. It i " the easiest to programme, rquires‘
-relatively simple controls aﬂa is consequently, along with
manual nc, the least expensive type. Yet it is eminently ’
%N/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 contrast to
the previously menti@ned tfpes, includes the facility to
s
‘ perform machinfng operations while the cutter is moviné’g
between the 'x,’ 'y’ coordinate points. The most common
f?rm of this type of nc machining was gtraight line milling

or NC controlled flame-cutting or welding.” While it was at

- .

first applied independently to each axis or slide on the
machine, later more sophisticated systEmEMBéfagttéd“the\two

axes to be moved at the same time and speed so thal straight

lines at angles to the major coordinate axes could be cut.\g

92
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The most complex and costly form of NC is

continuous path -or contouring which developed early in the
A ‘

aircraft induétry Here numerical instructions can specify
/

the required movements of several axes 51multaneously \?he

simultaneous control of the cutter in several axes provides

o

the machine tool with the capaqity @o produce the sculptored
! i -
surfaces requifed for jet turbine blades, helicopter rotors

and so on.

Whild early generations of NC machine tools tended to be

spe01allsed in one these four categories, later models{hﬁve
~ taken advantage of the greater flex1b111ty and ease of
programmlng and have combined elements of manual, ey .

-positioning, paraxial, and contouring within a single

-

machine. .

o~

© 1 \ Vs

A vantgges'of NC Machig;gg

‘

The proponents of NC have had a standard set of
>arguments with which to sustaln thelr ernthusiasm for this
_technique. This was clearly, if bombastically, expressed-by

?he major North American metalworking trade journal soon.
‘after the 1960/ Chicago Machine Toollﬁthbitiegxat which the

first genefally appliéabie nc tools were exhibited:

“Numerical control is a giant step beyond conv-

r . ilonal automatic control. Not just another,
' 93
’
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philosophy of communication, Hexetofore,
complete machining eperations have been
automatically%wgxecuted under Jcontreol of
- built—in‘devic s such as cams, templets,
masters, limit stops and metered hydraul-
ic¢ systems; However, the setup and tool-
ing in using these contyols are often '
elaboraté, time consumidg, and costly.

°

system, numerical control is a fundamental-

These costs can be absor
quantities of the same

ed when large \
art are to be

‘made, but cannot be’justifijed 4n short-

run production.’
*August 8, 1960,

W

(American Machinist,
100). A

»
.

' storage and maintenance gosts can be. significant.
f 4

b - .
The common feature of the pre-NC mechanical automation
methods is that béfore(the first part can be made it is’, ap

hecessary to mak® a mechanical part ranging in complexityé
from a template (1) sllghtly simpler than the flnal part,

&

through a model as compllcated as the desired part

€ ,

cams (2) very much more complicated thamxthe part they ,
. . . ‘ . Ve
Mechanical methods of ‘

.

automation also present storage and /maintenance problems _

H

since jig$ (3), templates, models or cams have to be

up to

produce on an automatic lathe.

preserved in order for repeat batches to be made. . Such v

items are-often bulky and mechanically:complex sovthat
D - s

5
The *more .

i k a

Q

complicated,‘gpd therefore costly, the preliminary

fabricat?on of pre—productionxﬁechanical devices, the larges

the batches o% parts which have,to be produced before the "
process can be economicdl (Abegglen and Stalker, 1985, pp.
v -
. — L %y )
- ) - * > -
fe] ' & " -
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~emphasized, are far less prominently mentioned, usually at

- , -8 n
< Lad - ) /
93-111)y. Herein lies the major difficulty for much of
:megalworking and engi;eering where\the.bulk of items are %
:¥oduced in run; of small énd medium batch size.- t'
sgquently thg industry literature on NC, whether user
surveys or NC -manufacturers’ sales publicity, has E
consisténtly emphasizedAits advantages over preceding -
automatic machine tool systems primérily in té;ms of shorter
lead times (i.e. less time spent tting up pri o actual
Qroduction;, the»saving in jig ang fix and

+the flexibil{ty and ability to economi{cal v oduce small

batches (Barron 1971; Howe 1972; Hvans N973; I.P.E. 1978).

of which are the
/

f consistent and

/
Other advaqpages are cited, most ominen

abiﬁaty to produce complex parts, or parts

[}

and other labour related advantages, it shouTd-be .

\

1)

the end of lists of the "technical advantﬁges" (5). -,

4

According to the labour process writers such as Shaiken,

however, "in the ‘design of new machines and manufacturing

systems two Pervasive managerial pﬁrposes stand out:
v

reducing the amoun% of direct labour and increasing control

. o%frwthe‘manufacturibg;process"' (1985, 45). These two

design criteria reflect management’'s ulterior strategic

95 tos

-

high gquality, and reduction ‘of scrap. Direct labour savings ’

4
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orientation towards labour - deskilling, demobilizatipn and
~N

social control at.the workplace. In looking at the

3

development of machine tools, culminating with NC machine
tools in pSrticular, an alternative interpretation of these

design criteria gan be;suggested.

by

- >

s

}he History of Machine Tool Development.

There is, however,.an alternate model of the gvolution
of machine design available. In this mb@el, designs evolve
as a series of responses to demands for the mass production

of new products and the consequent requirement for
&
standardization (Landes, 1969, pp.306-317). As well,

machine tool design deveiops through learning by using, as a

]
’

prgcess of responses to largely tecﬁﬁical problems, which are
met, in the course of production wﬁ%h!a given' technology.
Finally, processes of éross—fertilisation‘of techniques and
J;nstruments from oné sector of manufacturing té another
occuf (kosenbérg, 1963; 1982). Mass broduction required
durabilizy and ease of maintenance of the manufacturing
tdols, and standardization and repeatability of EP&QUt'
These requirements intensified the seagch for mechanical
solutions to the bottlenecks, poor quality and other.

problems that wgre typically encountered as the scale of

N\
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operations increased As more items became mechanized and

mass produced, a greater varlety of machine systems emerged
~N

which pyovided models, 1nsp1ratlon! and alternative

%

solutions to a greater range of manufacturing problems (6).
‘ -

The standard histories of machine tool development,

culminating in the development of NC tend to present a

-

* picture more , - .

3

con51stent w1th the latter processes, ‘they do not ‘provide .
much ev1dence of a fixation on labour Costs. The first
generation of machine tools such as the dathe, the milling

~ N
machine and the grinding machine "was developed largely by '

British}tool—hakers or millyrights such as, Maudsley, Nasmyth/

and Whitworth responding to the demands for improved

'pérformance of the Watt steam engine and the new’wéter— or

steam-powered textile machines (Rolt 1967, Steeds 1:969) .

The rise of stqu power and mass textile proggction demandea

mdeh greater precisioq'in machine cempqnents than yas

i required either by the.earlier Newcomen steam enygine used

simply. for pumping water out of flooded mines, or hand

operated tef%ile machinery. )
In his detailed account of the development of this first

generation of industrial tools and toolmakers Rolt argues,

"It is an illusion to suppose that the machines
- evolved in Britain in the first half of the the-

~re
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tool-makers rapidly disposess¢d a nation of
‘ craftsmen. On the contrary, tRese tool-makers .

- and their fellows were themselves high . %
craftsmen who evolved their improved tools prim- a
arily to sati$fy their qwn exacting standards ’ )
of workmanship. They found that both existing S ‘

tools and thé ekisting level o an skill fell-.
lamentably short of the st ard they set, and
_the process of building e skill into the tool

which they initiated was their answer to this
g¥lemma. . . .. . Moreover, the first machine tools
wd&e,not designed to replace. traditional craft
methods but to solve novel production problems
which could not be surmounted in any othet way.”
(Rolt 1967, 14). ﬂ .

nineteenth century by the filNst generat%bn of

Iff addition to-the growing demand'fof\efficient steam
engines and durable textile machinery,; there were several

" important consumer produgts developed durifly the nineteenth

-

century which made similar &emands upon . ihdustrial .

toolmaking for higher levels of pre&ision ,standardizdtion” ’
- ! - ‘ - ¥ )
and duraBility. In the United States, the mass demand for '

~
small arms generated major advances in precision machine . -
»

s

fpols mdnyqof vhose designé\originated in England but were
rapidly trangformed under New World manufacturing.conditions

(Rolt 1967, Rosenberg 1963), The American small arms‘ -
industry pioneered tracer technology for making wooden

. 6 -
~gunstoqksh elaborated the system of using jigs and fixtures R

I3

— specialised holding devices enabling the precision
. : ’ 4
machining of large numbers of complex parts; dévéloped the A

i ’ . .
toolmaker as a specialist craft, separate from that)of the v

L4 .
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millwright who designed and maintained basic productEon
]

machines; expandéd‘enormously the range of application and
@

* the variety of special measuring devices (Saul, ed.  1970,°

‘Introduction; Smith 1976, pp.226-236j. Subsequently, the

mass demand for products like the bicycle, the sewing
machine and the typewyfter'required new and improved machine

tools able to mass produce complex parts or parts that would
. \ + . )
be combined in complex assemblies. - In all .these cases the’

parts had to® be produced both in gfeag'numbers and with
complete interchangeability and compatibility. ‘Wwhile craft
” Y - gy

«

. methods of production might have peen éble to produce parts

L

precisely so that they were compatible and to standardi gd4 <0

» i

dimensions, such methods were completely incapable of

fabricating these parts in the volumes that were demanded

-(Hounshell, 1984). to b" “ ‘ Q

In thetwentieth century the two most importént sources

éf demand for machine tool é%sign»innovation have beén.the
automobile and aircraft industries - the two largest

customers for maﬁﬁine tools (Wgodbury 1978). Both' of these
industries increasgd the demand for,ﬁighly speciqlised

»

machifie tools of highfspeed, high preéision, and capaQ}e of

high volume production, for u%e in mass production

[

characterised by the p;inciplé of interchangeability of

99
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parts The automopile 1ndustry as shaped by Ford’'s mass
productlon orientation led the‘way untll the need for mass
produced aircraft’during and after the Second World War
joined'the automobile -industry as thé major source of

innovative demands on the machine tool industry (Wagonner

1966). | , ,

- ° ¢

In response to these demands the 'sources of machine'
]
tool improvement diversified so that a combination of .

advances in several fields have contributed to improvements

in tool design and performance. Among the more significant

4

developments have been theQdevelopment of the science of

X
it

metallurgy which made possible the reliable mass manufacture
' I
of high performaiice tool steel cutting tools, and later

metallurgical chemistry which led to carbide tipped:ggtters;

°
-

advances ‘in industriadl thsios and chemistry produced
R . -
synthetic abrasives and their tough bonding compounds for

grinding machine wheels which have been crucial elemehts of
a . “ .

automotive production. Basic research oh the actual process

of metal cutting ploneered by Frederick W. Taylor, among
others, led to machlne tool desmgn changes produqug
heav1er, more rugged machlnes, with greater rlgldlt¥ of tool

and part holders which permitted faster and heavier cuts

M )

NWithrbetteﬁrsurface finish and improved tolerances.

‘ 100° i *
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Electric power and hydraulic controls and transmissions
improved smoothness of operations, permitted greater
constancy and accuracy of cutting speeds (which also

contributed to better surface finish), improved holding to

- ’

specified tolerances, and consequently improved
standardizatien and interchangeability of parts. Tﬂe great
range, precision and constancy of cutting speeds also
permitted the easier machining of tough and recalc1trant

mota]q and other materlals used in twentieth century
%

Industry. .

Another advance 1n machine design was the emergence of
tracer technology which originated in nineteenth century
Tanu(acturing of rifle gunstocke (Noble 1984, 82). By the ~
late nineteenth century cams, stops and trip dogs (7) were
being incorporated into industrial Iathes to automatically
stop machining operations at a controlled point, to turn the
workpiece for a new éachine sequence, or to turn the tool \_C
holder to present a different cutting tool or.change the. h
tool angle in préparation for the next machining sequence.
These mechanical automatioa devices continued to grow in
application and to be standardised as adjuncts to most major -~

@achlne tools durlng the early twentieth century By the

late 1930's very elaborate automated machining could be

101




achieved usihg these devices. At this time also there
emerged the "plugbocard” technique of using‘electrical relays
and switches insteaa of caps and dogs. By rearranging
relays and switches on a plugboard a great variety of
controlled machining sequences could be set up
(Koenigsberger 1978). On the eve o}’the Second World War

everal techniques, ef machine tool automation had emerged
. - R - /
S .

and been deméhstrated?as tecﬁnically feasible, althodgh the
inter-war depression had not generated high enough demand
levels to geﬁerate commercial applicalions on any
significant scale. Include& in these pre-war automation

systems were electro—mechanical devices, punch-card

.

A
controls, and, hydraulic controls. By the end of the war

there had developed all-electric tracer controls, a digital

computer—-controlled lathe, photo-electric tracer controls,
and a magnetic tape control system (Noble 1984, 82—88);
These diverse attempts to autgmate machining originated
in the early 1920s boom in the deﬁand for cars and other
consumer durables, but were given even stronger impetus
during the late 1930s by military concerns for high volume
production of airplanes and weapons requiring new levels of

design complexity and precision. Military production

“ demanded rugged, durable products, easily replaced, whose-
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assembled components were also easily maintained under
adverse conditions. At the same time war manufébturing
involved utilization of inexperienced, recently recruited
and hurriedly traiﬂed manpower. These twozcogditions
spurred industry to experiment with gew forms of automation
and manufacturing design. A third condition also imposed

b

new constralnts on industrial manufacturing: armaments

désigns changed through the .war, as more sophisticated

.weapons were continuously developed. In industries serving
t

the war effort, thén, a new form of manufacturing that was
both high volume a&nd flexible was required. Such ,
flexibi]ity develéped primarily in terms of traditional
mechaniéa&ion Lechniques, using automatic devices such as
cams, trace;s,‘etc. much more extensively; developing even
more elaborate systems of jigs and fixtures; and developingé
more extensive specialisation of machine tool operators

working with sétjup mei now limited to a single type of

machine tool. ! .

The Development of NC Téchnoloqy
Madern NC control where machine tools receive

instructions from a prepared punéh paper or magnetic tapeé

emerged after the Second World War as “...the brainchild of

103 , -
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a defence subcontractor for Bell Aircraft, Jonathan Parsons,
and engineers at M.I.T. subcontracted by Parsons” (Noble

¢

1978, 326). Parsons had ,suBcessfully built his company up

. to beche the country’'s largest manufacturer of helicopter

rotor blades. His success arose ?rom his transformation of
a c;st9mvand craft-based faprication process into\a mass
produc}ion operation. This he developed by applying
ﬁanufacturing methods he had learned working in the
automobile industry, such as substituti;g a Chrysler
metal—to-metal adhesive bonding for spot-welding (Noble
1984, 96-97). )

The design of a helicopter rotor blade was very
difficult because of the large numbers of coﬁplex
calculations involved and typically took over one persoﬁb
year in production time: Parsqns was one of the first to
apply I.B.M. tabulatihg equipment to solve engineering
problems. He also developed a punched-card record system
for production control and inventory using this equipment.

;he complex contours of helicopter rotors meant that Parsons
H:onfrohted not only design problems but considerable
diffiéulties in manufacturing also. Especiglly difficult

was the fabrication of accurate templates used in blade

production to ensure that the contours would conform to

o]

‘ 104




?

specifications. The traditional ways of making the template
was to calculateka set number of positions, use a French
curve to manuall{éconnéct the positions, then drill, saw,
and manually fi%e to finish. This process was tedious,
time-consuming, and inaccurate{ Attempté to &;velop other
ways such as graphical ‘techniques were equally time
consuming and did not producé 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 specific 'x’ and
'y’ coordinates. Then, using a technique of clos. drilling
Parsonéyhad seen in theggutomobile industry, the curve was

cut leaving a lighty finish-filing only to produce the

required contour. This process still involved tedious’

manual drill%pé gi the Cartesian points. Consequently

Parsons was impelled to explore the possibility of getting -
the tabulated coordinates to directly:control the driiling
process. This exploration coincided with the dévqlopment of
new Qnited States’ aircraft wing designs requiring
integrally stiffened wing sections which posed novel \
probléms for precision metal maéhining. R - -
Both Parsons and the United States Airforce sought

solutions to their problems from researchers at the Servo .

LY
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‘Mechanisms Laboratory\of M.I.T. The;;>reseérchers were
exploring practical applications for the emerging technology
of computeié. The basic problem whicp both Parsons and Ehé
U.S.A.F. faced was twofold: how to speed up and reduce error
in the extensive mathematical calculations required for
désign engineering the latest generag;on of aircraft parté.'
Second, how to eliminate the tediéﬁs, time-consuming manual
machining techniques required in producing the complex

\ Il
team’s solution was to develop.a computer tape actuated

\\ contours required. For both problems the M.I.T. research

control system for the machine tools. The preparation of
the computer tape contained the calculations required for
. design eng ering. The work by the M.I.T. team resulted

in a demonstration of the feasibility of continuous

machining in March 1952 (Pease 1952). The suQséquent

¥
developmental work was largely promoted by the U.S.A.F. in
the pilot production of airframes for advanced military

jets, the manufacturing of which required short cycle tiT§

o
[

P—
between design and production of small.lots of families of
¢ parts. During the 1950s the major users of NC “equipment iw
the United States (and elsewhere, Gebhdrdt and Hatzold 1972)
7

were the airframe manufacturers, aircraf%\igstrumentation
LN -
and electrical control companies, an$isome computer

5
\
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manufacturers. These user companies tended to build their
éwn NC machine tools. Such macﬁine'tools were;ipe most
succéssful NC machines of the period, and were b;ilt before
the established machine tool manufacturers began to offer NC
" tools on a commercial basis (Howe 1969, Ameriéah Machingsf

101, 102). * ol

J////N\ghe close association between the development of NC and
the primarily military requirements of the, aircraft industrz

in the 1950s produqed'a peculiar pattern of evolution of NC

.

machine tool design. )
."NC -was developed backwards. The first M.I.T. -
control was a complicated, expensive monstrosity
touted as the answer to mass production of
complex machine parts for military aircraft. -
But due to NC's lack of infancy, ten yeary’ of
regressive development was required before NC
(could make) its greatest contribution to indust-
rial productivity. This contribution was a simple
economical control easily adaptable to small ,
machine tools. However, NC retained the complex
programming of its birth. It has taken an addit-

' ional ten years...... to devBlop the components
and devices...... to limit size and programming
complexities so that NC is now practical in the
small job shop.” (Bylinsky 1975).

Thus during the 1950s NC technoldgy developed at_the

most complex level, as continuous path multi-axi's machines
v

capable of producing three-dimensional sculpted surfaces

such as airplane and missile nose cones and jet turbine
RS . «
blades. Eisewhfre in panufacturing, automated, machine tools

\
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continued to develop laréely'on the basis of established
tracer technology (N.C.é. Proceedings 19729 . Continuous
contpuring machines were the‘most expens#e to construct and
the most ﬁ?mpie{ to programme and had few apglications
outside the,esgteric reguiremepts of aircraft. and military(‘k
production. Noble’s case that the devglopment and diffusion.
of this NC technology would not have occurred without the

J @
U.S.A.f.’s support (Noble 1984, ch. 8), is echoed by the
major American engineering trade journal which observed in
1957 that NC developed largely "as a result of the
deGelopments ;ince the U.S.A.F. put-its dollars on the NC

2

barrelhead...” (American Mach;nist 101, 135). Gebhardt and

Hatzold’ s study (1974) of NC diffusion also fpunq&a stréng
rélat'onship between the giffusion of nc and éhe weight of
milit:;>\aircraft production imr Western European economies
eveqgin the early 1976; (1974Y. '

Thus while the more‘econom}cal and the potentially more
widely applicablerdevelopments of qusuch as poihf*to—point
positioning control and NC controlled tool changers were
developed by 1956, and in November 1958 the first NC
maéhining system éevgloped for general as oppésed to

aircraft machining“came on the market, the spread of the new.

teéchnology was very slow. For instance, the Sixth Machine
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Tool Exposition-.at CQicago in 1960 was touted as iﬁdicatini’
a major break%hrough in the genéral availabili&y of NC
techfology (Fortune November 1960, pp/x203—214, American
Machinist July 1960). .But the American Machinist re%iéw of
the show indicated that more than 90% of the madhiqg
exhibits were not Né machines but were conventional ones
(Ibid., pp.103-104). A review of a European machin€é tool
exposition in the same issue also indicated that while
various types of giectically controlled machiheg were
prominent, these were primarily tracer types, and NC
machines were even less in evidence than at Chicago (Ibid.,
pp. 112-113). In 1960 an American Society of Tooling

> Engineers estimate put the proportion of NC machines as 7%
(in dollar value) of the total machine tools produced (Howe
1969). Hpwever, the American Machinist did insist that NC
was liablé to expand considerably in point-to-point drilling
applicatiéns —-— the siﬁplest and cheapest NC appfiéation.
Indeed the first low-priced NC machine was Pratt .and -
Whitne;’s ‘Pape-0-Matic' “drilling machine, introduced in.
October 1961. )

The development of NC machines involved a variety of

technical problems far,beyond the coupling 6% computer

technology with machine tool operations. Aircraft
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components are often very large, requiring large,. specially

confiqured cutting machines. The alloys which make ué jet

<

. 4 . . .
turbine blades and, aircraft *anding gear components are

gxtremely tough, imposing new demands on power, rigidity and

&cutting tool characteristics. Manufacturing components to ’

>

xtremely close tolerances also imposes\major demands on

o

/machine toal design and manufacturé to eliminate backlash,
looseness, etc., and to develop highly accurate
instrumentation and guide beds to regulate feed rates,

<;\¥$2Fting angleF, and to minimise cuttipg tool wear and

breakdown. In all these reguirements, however, the demands

[N

on machine tool design and performance can 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 tp
respond to the needs of a new rising.industry. As we have

mentioned, such cycles occurrgd in the mid-nipeteenth
@

century with the development of mass production of firearms,

thenlater rise of the making of bicycles, sewing machines,

and typewriters and, in the twentieth century, with the rise

of the automotive industry. )

The novelty of thé development of NC lay not in the

evolution of machine tools and cutting equipment as such but

110 .
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in the development of the contxolling equipment. The latter

evolved parallel with the development of thée computer.

[N

Initially, as in the .Parsons Corporation, mechanical

’ P
tabulators were used to prepare more precise information on 3

\ which to base conventional manual maéhining (Noble 1984, bp.

97-98). In thébnext stage these mechanical tapulating
devices fgg their calculations onto punched paper tape or
magnetié tape which then directly actuéged machine qontrols»
Since NCJwas used;briginally by aircraft and related
components, manufacturers who tended to build their own nc
equipment, a major problem 9f lack of standardizgtioﬁ

~

between the machine designs, programmes, input formats and
control devices soon emerged (Noble 19843/p. 176). By 1958
the need for standards for nc equipmént became critical, \,
Electrical equipment manufactureré wére trying to supply
interchangeable controllers tb all tﬁeir customers while
data Qrocessing companies tried to contain the growing
inersity of programmes.' The ﬁlectrical Industries
Association sponsored and érganised the efférts téward

~ : N
standardization and these gradually spread throughout the nc

using industries (American Machinist, May 1958, p. 111).

In its g@rly‘deVélcpméﬁE§17§f§§és,‘between 1953 and "

1956, programmiﬁg for NC required understanding machine tool
' N - ‘
[
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operations and capabilities, tooling, machine practices,

analytical geometry, advanced algebra and trigﬁnométry,
f
computer programming, coding techniques, and ﬁomputer

applica%ion\and usage. It was difficult at that time for
. ;
practical shop people with a tool analyst’'s background to

k'

‘Wwrite NO\programmes. §ub§equently this task was facilitated

by the develoément of symbolic programming languages readily
understood in the‘Fo;l designer'stérade. Such languages are
based on contraction and/or truncation_of the &ords used in
the mgch%ning trades and on nume{}cal parameters accepted in
shop practice. Systematic development of NC programming\
began with continuous contouring programming at M.I.T. in
June 1556, unagr contract to,the U.S.A.F. as a coréllary to
a similar contract for the development of haréwgre. This
work u¥timately produced A.P.T. (AJtomatic Progfammed
Tools), and AUTOPROMPT, é more generalized machining

programme subssqhently marketed by I.B.M. from August 1961

on. Simpler point-fo—point positioniné ogNammes, developed.

in 1962, and simplifications of,AUTOP§OMPT becdme available

in 1964. - PR R

. 2 :
These programmes produced a generalized format, for o

example for a type of milling operation, or lathe operation.

However, in most cases these programmes could not be used
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indiscriminately on all typé; of machine tools which differ
&

. ' )

according to make, size, tooling specifications, etc. Thus
BY " © R

post-processor programmes were required to convert the

generalized NC programme into one compatible with the —_

& ” °
qualities of a specific make of machine. The"géferalized

v

programme provides arithmetic data relativg to the pattern ¢
that the cutter centrg must follqw in order tor produce a

given part. The post—pfocessor programme t%ﬁulates such “

data intq a tape format tailoged to the particulaf %ool and:

its controller.

The advent.of cheap and reliable cohputér bower, first
in the form of minicomputers and later in the form of —

[y

microprocessors, madg possible sophisticated, flexible, and,
e?sy—to;use programmagle controls, with proéramme storagé .
capacity in the machine tool control monitor itself. This

meant that smaller engineering and metalwb;king firms could

utilise NC without the need to build up expensive )
departmentg of specialised computér,tecﬁﬂicians—and pfocess“ , p
éﬁgineers. Manual data input permitted programming, B \ "
programme™ editing, and programme optimising by skilled o . ;
maéhinists on the shop floor, marrying traditional shopfloor

machininé.craft,skills with the new, flexiblg cbmputerisédi

controlling technidhes (Hatschek, 19%8). T o .
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However, it was precisely .the rise of cheap, flexible

»

computer power which made possible the development of
“computer aided design” (CAD), “computer aided manufacfure”_
(CAM), coﬁputer integrated manufactuﬁing, flexible

manufacturing systems, grdéup technology and other recently
hailed forms of "high tech” production techniqués (Ahérigan
Machinist, January }83, ﬁp; 91-98; Bylinsky, 1981;
Zeiderberg, 1984). ﬂComputer alded design is gasically
designiﬁg, drafting and analyzing using video display(
terminals and computer grapﬁics. 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 Qrafting operation.

' Currert CAD technology often’permits both design ghrough

assembly,” disassembly, rotation through different

elevations, and enlargement or shrinking of details, as well
as analysis through simulated temperature changes,

mechanical stresses and other conditions relevant to real

' world operation and use of the part. Such on-=screen testing

can save the enormous time and expense involved in
fabricating prototypes and then testing, modifying and
retesting. ) ' )

Computer aided manufacture (CAM) is the latest phase of

P
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NC, known as DNC, where machine tools are controlled by~
direct input from a computer rather than through the
iptermediary of paper or magnetic tabe. When CAD and CAM
are joined together the onscreen designing and testing of
produc?s gene;ates'a bank of computer instructions for
manufacturdng a component, or for making the required tools/,
dies an 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 designr changes, to customize production, and

* oy

to set up short production\runs.
As was the case wi the first decade of nc technology,
LCQ prime originators and users of CAD/CAM systems have been
the aekbspaSE 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’ (CIM) which willAiake industrial metalworking
and engineering into “a process a? smooth and as easily
supervised as the flow of liquids'in computer—controlled oil])

and chemical refineries is today” (Bylinski 1981,108). C.E.

Marchant, a director of scientific research-at Cincinnati

i

‘Milacron has hailed CIM as having "already demonstrated far
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idiosyncraticeagccretions of customs and personal quirks
.which vary f;:Z\;}&nt to plant, and even from one te&hnician,

greater potential to increase manufacturing productivity and

quality and to reduce manufacturing costs than any other

technology since the onset of the’Industrial Revolution”

(American Machinist January™1983,91). However, the fully

automated fa?tory envisioned by juoh people involves not

just connecting CAD terminals to computer-controlled machine e

& .
tools, but thoroughly computerizing a plant’'s manufacturing

operations, including control of the flow of parts and W
materials and movement of products th®™sugh the various \
stages of manufacture. In order to translate the entire
manufacturing'Froceés into the precise, unambiguous steps of
a programmed routine an enormous work study programme would
have to be initiated, f£ollowed by much reorganization of
traditional work patterns, followed by a long period of
modification and testing asvtﬁe new system was put into

o .

operation.

But manufacturing procedures are often irregular and

to another in a given plant. Even in engineering many

~

activities are quite craft like in havidﬁ\gg—ghiquely

optimal solutions which can be adopted as standard procedure

-

(Shaiken 1985, pp.190-216).). Moreover, the field of
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CAD/CAM devices has developed so recentiy that there is a
great diversity of incompatible computer software and
hardware in use. Cénsequently, highly automated factory
systems operate only in a few instances, generally with
higher levels of labour input and conventional activities
than their publicists initially forecast (Zygmontll986).
Firms which attempted ambitious computer integrated
manufacturing programs have experienced problems ranging
\ '

from extremely long periods of debugging,'far less

flexibiligy than inpitially anticipated, and a far more

s
s

extensive array of expenses. Hence there appears to be some
retreat from‘attempté to computer-automate entire plants and
a"move toward “group technology” where three or four
machines are computer coordinafed, often with automated
transfer of parts” from one machine to the next. These
groups of computer coordinaged machines operate as”islands
o% automation” in othggwise conventional plant production
systems (Blackburn, Coombs and Green, 1985, pp.133—158).
The overwhelming majority of engineering and metalworking
plants still use a mixture of conventiQEal 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

L]
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extent to which gettting more detailed data than was
available for writers of the standard histories of the .

technology reveals a more central role for labour costs tk&n

those hibtories would allow.

o

Footnotes

1. Templatesﬂare thin, hardened metal plates shaped
to the contour required of the finished piece. These
plates are clamped to the workpiece to force the .
cutting tool to follow their outline. -
2. Cams are devices“which convert circular motion|into
reciprocal or variable motion. They are used aN
levers to®alter a tool’'s cutting path_or as par of
a mechanism to switch from one cuttlng tool to

another. ,
3. A jig is a device for ensuring that holes to be
- drilled, tapped or reamed in a workpiece will be .V

machined in their proper location. It consists of
a clamping device to hold the workpiece under
hardened steel bushings through which the drill
agﬁ other tools can pass during each machining

process. )
4, Fixtures are devices for holding a Wbrkpjecé during
machining operations. It 1is fastened to a machine

or bench in a fixed position. It does not contain
speclal arrangements for guiding thé cuttlng tool
} as Jjigs do. -

wn

distinguished from a labour related advantage is
not always clear. Thus the ability of NC 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. I use the term Jlabour
related advantage to refer to such things as
replacing skilled labour by leijy;kllled labour, to

rKWhat is a technical advantage and hoy it might be 7p////

organize production to impose machine pacing of jobs,
and to significantly reduce labour (input in the
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production process.

" Noble (1984, Chapter.4) provides an interesting

example of thi® cross-fertilization in his discussion
of the origins of the ideal of the “labourless”
factory. He shows that the ideas of advanced
automation of engineering in postwar United State®
were derived from the experience of the chemicdl
and petrolgum industries. ;T
All of these devices are variations on the lever.
As the cutting tool moved to the reduired finishing
point, a cam or other device would be activated so
that the next phase offmachining could také place
by changing the position of the cutting tool or, in
the case of tUyrets or multiple tool holders, by
rotating the tyrret so that a different tool would
be in a positidn to machine the workpiece.

i




Chapter 5: Information and Machine Tool Selection.

" -

\ ¢ R
Introduction

2

-
v

gaining information about the performance capabilities of

¥ B

The diffusion of new technology is in part a process of
. 4

new machinery. It is possible that this obvious feature ofy
diffusion accounts for diffusion writers taking it for
granted. Where the costs of information, constraints on
accegs: to information, and other sources of imperfections in
the distribution of“information have been made exblicit‘
areas of analysis in a variety of economic concerns,

this is not the case for d;ffusion analysis. For example,
Mansfield“é influential gpidemicvmodel assumes a population
of potential new tlechnology users operating with correct
profit €stimates (see above, p. 2&); estimates which undergo
no change as experience in using\the new technolqgy ‘
dévelops.' The source of this sgrprisingly accuréte
knowledge is never explained. . As a reéu&t it is not. at all
clear how management learns about new technology; whether
managers keep abreast oé téchno;ogical charige regardless 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.

- J—
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These issues are important because informz&ion ?bout the%
could contribute to identifying more preclsely the ngture
and limits to optimizing in the diffusion ﬁfobess, and to
discovering whethe¥ these limits vary with different firm
characteristics (such as %ize or m?rket position), and
change over time , i.e. as the technology becomes more \
wideséreqdf

' The analysis in this chapter focusgs on responses to

.

questions on the sources of information used in machine tool

. selection decisions, what company personnel were involved in

machine acquisitions, and how the choice of a particular
toolinglpackag; or machine was made. The responses to these
questions werke codeé by identifying repeating response
elements and weighting the ordersor sequence in which tﬁese
elements occurred in statements (1). Each response’s
weighted séore could then\be used in calculating the
saligpce of this element across E?e total sample response or
within particular subgroups of firms in the saﬁple (2). 1
shall analyse ﬁhe responses by looking first at the most
general patterns common to the bulk of the sample. Next we
shall look fbr variations and differences between and within
indust;? sg?groups'(aerospace,ﬁelectronics, sheet metal,

etec.), and for differences according to firm size. Since

- g‘
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the questions asked about information in machine gool choice
coveréa each company’'s entire period of NC usage, I shall
look for changes over time as well as purely contemporaneous
differences.

[

General Patterns p

Clear differences emerged in the rank order of sources
/
of irfformation used generally, and in those used in the

course of, deV¥eloping an actual machine tool acquisition

equest. The raqy order of the weighted scores (see

-

Footnote 1) summed across the whole sample are given in

Tables 1 and 2.
k2

Table _J: ¢

i
Information Sources for Monitoring Technology

‘.

Source - Score
Salesmen ’ .75
Journals . 59 ‘
Brochures . 32
, B
A Shows J 20
1
s  Other Users .19 d
Sub/Contractors ro~ 16
“ o
Trade Associations 5 s
. | //
. ' . / »
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Table 2 .
£} ’ .
Information Sources for Machine Tool Acquisition

Source Score ‘
Brochures 81 o,
v Other Users 54
‘Enﬁce Quote Comparison 49 ,\
Shows 18

Table 1 indicates that machine tool salesemen and
technical-trade journals 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
requisitions statements outlining the plant or department'’s

needs forvpew equipment neither of these information .sdurces .°

/

b
were relied upon. As indicated in Table 2, in the latter

instance machine tool manufacturers’ brochures were used as /’

the major source of information concerning the technical

specifications of the machine, its accessories, and its base

w

price, Usually after some narrowing down of the field, the

experiences of other users were sought in order to‘é&aldﬁte

the performance of the equipment under actual production

conditions. /- 2
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The differences between the sources of information used
in monitoring (Table 1) and those used in the search and
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 acquisition
ﬁrocess. Kéeping informed about relevant technological . -
developments involved using a quite diverse group of \\M(/
informational sources. Many of these sources involve very
little cost to the firm. 1Indeed the prime 'source is
costless, since 1t is the machine tool salesmen who.
routinely visit the plants in search of purchasers, bearing
brophures and video cassettes containing detailed !
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 the “"circuit” in

;)

which NC salesmen routinely visited or mailed updated

information\, In this process the costs of information

’

delivery fall on the machine tool manufacturers. and

sup?liers Several informants also mentidoned that salesmen
carried information of a moré informal kind, i.e. concerning
what other companies were , who was in the market for

[ 7

particular tooling packages) user experience of various
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machines, and so on. Salésmen,.then, constituted a
'signifl ant souprce of 1nformatlon about both the range of
quipmen avai able and forthcoming from the major machine

tool manufacturers, and about the’use of %pchinery in . /’;§§

.

particular companies.

[}

Technical or trade journals, the second ﬁbst important
éour;e of informatizn in technological monitoring,was also a
relatively inexpensive modéﬂqf information gathering for
many firms. Respéndents from large firms tended te report
that the firms tdey workeé;fgr had built up extensive
technical libraries pertaining to manufacturing processes.
The majority of respondents, however, indicated that they
personally subécriped to trade or technical jouxnals, or
they received useful engineering journals as an

’a )
accompaniment to their membership in trade or professional

B

associations (3). Thus the costs of obtaining information

from these sources was largely borne by the individuals in y .

management positions and not the companies for whom they

‘worked. (However, in the case of tﬂe four largest firms in
i . !
*my sample, such professional memberships were .paid for by

?

the employer.) ~
Several other spurces of information mentioned such a%

contractors, subcontractors and Trade Associations are also

125
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low cost sources. Contacts and communications with

contractors, sbucontractors and Tradq}Associations are an

.essential part of most engineering and metalworking

enterprises regardless of-~the' possibility of technological
information transfer. If such information can be —
disseminated during such contacts then it constitutes an
addéd benefit. Much of the technological information

obtained from other users seemed to arise either from chsual

contact or from contacts undertaken for. other purposes so

-

that transfer of knowledge aboutnnc technology was again a

low cost byproduct. Only 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 together

the world’'s leading machine toodl manufacturers with a laFge

array of demonstrations, the best ‘%ormed technical

personnel, tégether with seminars and conferences. In

qddition such events are occasional, so that the cost i§

episbgic, and the amount/and quality of information gathered

is probably better than that provided by the reqular

“cirduit.”’ ’

" While monitoring the state of manufacturing technology
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in their industry, production and plant managers used a &

broad range of diverse sources of &'rnformation{j In' the search
WA :

and evaluation process prior'to,capital invesfaent}
attention was focused much more narrowly. Information
pertaining to the acquisitions proceés was limited primarily
to machine tool builders’ or distributor’'s brochures
documenting the technical specificaffSHs of the machinery,
and next to eééluating,machihe performance in production,
conditions by visiting other users. Brochures were used 'in
nost cases to develop a spread sheet which listed the

guivalent machine model; from several builders according to

ajor technical characteristics, opﬁional features, and base
prices. In ma%y instances this would be followed up by a
request to the machine builder or distributor for a list of }
~users of th particular machine, and a round of visits to
other usgrs.would follow (4). )

This process reflects two %ajor aspecté of capital
inves?ment - phe shéér cost of ;he\initiai investment, and
the lonéer term impact on costs and pfofits that'the new
capital quipménﬁ will have.) Currently, NC machine tools
sich as mills, lathe;‘aﬁd machining centres cost fr;m
$25;000 to $750,000, while their cbnventional counterpafts

T

cost from $15,000 to $60,000. The divergence in dost
, . , .

* < ‘

. .
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betweén the two types of machinery is often incregsed by the
sometimés ‘hidden expenses of the greater preparati and
learning involved in using NC ma;hines effectively| (5). As
the pfoprietor of a small general macﬁine shop said, “Buying
NC equipment is not like buying a car. Once 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 dept which will grow uhless you get rid of it through |
making enough money to payback its cost in the first two 1
years. Then you have to make enough mopey before it wears
out or gets obsglete to be able to finance a replacement.”
"While this 50{E~:? pressure is perhaps felt host acutely |
by small firms, it summarizes the conditions surrounding
machine tool acquisition throughout industry. Thesé
conditions turn management’'s attention to close scrutiny of
the machinery’s technipal‘characteristics and price. 1In the
process the testimony of machine tooi salesmen is discou6£ed
in the/acquisition process. The reasons why this is so were
suggested by informants in different branches of the
aerospace inéustry, “Salesmen are the least reliable as
sources of information about machine tools; you’re much
better off reading company brofhures and comparing them

\

carefully. 1In fact it’'s very difficut:>to be an effective B
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machine tool salesman because you need practical shop
experience on a whole range of machine tools in order to
underdtand the requirements for nc. . Most salesmen I’ve met
have worked with a few of the machines and have really
speciglised knowledge of one or two typesoof machine at
most. TIf ygu're°interested in those machines specifically
you might be luéky and hit on an expert salesman, but I'd
still rather rely on my judgement since I don’'t xeally know
what kind(gf machinists they were when they worked in a
plant.” A sehior programmer at a jet aircraft parts plant
who had been both a machinist and an NC machine tool
salesman also pointed out that, "E¥en if you know a lot of
méchininq techniques and ;ou've used different types of
smachines, there are so many special applicatipns in
engineering that you can only give general advice to an{
company Each fi;m uses spé%ial materials, and the
adimensions of parts can give rise to all sorts of proble%%
of heat expansion and stress that you havé to be careful
with in setting up and process analysis. A salesman can't
possibly know @hll khese details of his customer’'s work, all
he can know ale the basic featufes of the machines he’s

] -

“selling.”

Table 3 lists the weighted scores (see Footnote 1 ) for

2

"
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items found iméirtant in machine tool selection‘prior to

;

purchases
Table 3 .

Criteria Used ;ngelecting MachinekTools .
Criteria g . Score
Technical Specif%cations 110 .
ﬁuilder's Reputation - 51
Price 34 Gﬁg\
‘Restricted Choice 17

oo Eage of Supply L 7
User 's Technical Leadership 6

By an overwhelming margin the tecdhnical specifications of .

machinery were the most importané criterion used in
v
o
evaluating modelé for potential purchase. The next most

el

important criterion —- the mac?ine tool builder’s reputatiqp
-— is closely related to the primary choice criterion. It
refers to the reputation the machines of particular builders
have for reliability, longevity, and accuracy, and to the
builder’'s record 'in providing advice, back-up in
emergencies, routiné/;aintenance and spare parts. For plant

and production management, these two concerns - the right

machine for the job, and a maqiine which will perform

130
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reliably with a minimum of down time or with swift serviding
and backup - are obviously the essential criterg for
ev§luating and selecting new machine tools.

Other criteria which were mentioned with some
consistency included price, severe restrictions on choice of
machinery, e&se of supply and technical leadership.‘ Price
was mentioned as the first consideration in 10% (6 Of 58
cases) of the responses. In ggn;ralamost responéents
displayed a “you get‘what you pay for” approach to machine
tool achisition. Not surprisingly respondents from medium
and large firms reported occasional arguments with financial_
management over the cost of recommended machine tool models,
while the heads of small firms complained about the price of
nc toois. In the former, insténces were mentioned where
financial managers failed to understand the need to Réy for
high quality production machinery.

In four cases, informants indicated that there was
virtually no choice between machine tool bui#tders or
. machinery models when they were in the market for NC
equipment. For two of thése cases, a custom sheet metél
fabricator aﬁd a shoe mould manufacturer, this was dde to
thegr pion&ering aggi}cation of nc techpology to their field

. N
of manufacturing. The other\two cases were also early users




Y
of NC equipment, buying at a time when only one machine tool

bu;lder manufactured the appropriate machine tool. This
situation was quite prominent in retrospective accounts of
the initial choice experienced by early users of NC - those
who had adopted this teéhnology before 1950. Subsequently,
the lack of a range of machine tool builders, suppliers, 5r
models to choose from became an exceptional ciﬁ%pmstance.
In terms of changes qvgrn time no respondengé febopted
any significant change in the information sources they used
to monitor NC technology. That is, th; least cost sources
sucﬁlaé salesmen, technical and trade journals, and
brochures had been the major sources of information about
production technology prior to éomputerisation of the field,

and had _not been displaced by alternative sources as a
I

result of’the rise of NC technology. The only change

M [} 0] 0] 1]
reported was an increase in the volume of information now

avaiiable. .

With respect to the machine tool selection and

acquisition process there was a clear shift from situations
" “ ~

of no choice between makes or models, or of extremely

restricted choice, to.a situatipn of abundant choice.

—e

Parallel with this change is the fact that fewer companies

reported working with the machine tool builders to develop -

g :
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tooling packages geared specifically to their own special

production needs. This réflects the development of

of f-the-shelf models which have been-designed after years of
such custom building to be flexible and adaptable to a
breader wrange gf applications (6). One example of this

process was that of a large American auto firm which was

‘negotiating witgjgxgaigs manufacturer of NC lathes with a

view to redesignin@ them for mass production applications
(see below, pp. 148-150).
Two broad consequences of the growth of user experience

as a result o¥ the diffusion of NC technology were mentioned

as significant by a numbgr of respondents. First, the
machine tool manufacfurers themselves had become clearer
about the requiremehts of NC users, so that both machine

tool designs and the information contained in builders’

brochures and casgsettes were more realistic in the

R

performance claims m

e and more adeduate in terms of the
£

technical infor n presented. The second consequence of

growing experience is that the NC users themselves have
developed a better sense of their own requirements, and

their experiences have also provided a firmer foundation for

a

evaluating manufacturers' claims and publicity material.

. Before moving away from this discussiop of general
. ; »

L4

-
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patterns in information gathering and use in relation to
machine tool'acquisition I should present the information
gathered concerning the choosers of machinery in the firms
investigated. The majority of the companies in the sample
involved two or more indiv}duals in the development of
capital acquisition requests (36 of 57 companies,o£ 63%).

In 11 cases the informant-was not able to provide me.with
this informat%on (see below, p. 136 y. Of the ten companies
where it was reported that a single individual developed
capital requisition statements, five of these were smaller
machine sﬁ?ps in which the owner or senior partner m?dEJthis
decision. 1In the $ase of the largest of the tool and die
céﬁbanies, the toolroom.supervisor—cuﬁ—NC programmer (an
ex-tool and die maker) was responsible for acquisition
requests. In the remaining four cases, production or
man&facturing engineers who headed'é particular
manufacturing subdivision of a larger company were

responsible. It is interesting te note that NC programming

personnel were not prominent participants in the search and e -

. . ] . // ]
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

1] -
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- was reported in the case of a major aerospace manufacturer
who has been a leader in the nc field, as well as churring
in the case of a major jet engine manufacturing plant.

Although the NC equipment investment jus£ifications
involved significant financial outlays financia% management
personnel were not often directly involved in the initial
formylation of the requests. This was overwhelmingly the
task of manufacturing, production and plant engiqeering
management with a close relationship to the phxsical tasks

° of prodhction. Finaﬂcial management received thesq

justifications and made the final investment decision. Even
in times of rising demand the clear subordination of
production management to*strict financial justification was

clearly expressed.

<™ No doubt a labour process writer‘would make much of the

~

;/////////in the selection and acquisition of machine tools. No one
al

in my sample volunteered any information or case histories

fact that there were no references to shopfloor involvement

which suggested that workers are consulted about their
experiences in any explicit or systematic way. Doubtless
machinery and equipment which work well for wﬁ;kers are
freer of maintenance problems and are more ‘productive and so

are likely to be seen as good selection choices by
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management. But this aspect of the labog; process seems to
be regarded as a technical feature of the machinery rather
than as an element in labour relations which requires
conscious attention. As we shall see in a Qéter apter,
technologlcal adoption is a management preserve which 1s‘
rarely challenged by the workforce (at least in our samplé).
The extent to which the selaection of tooling packagés is
a management preserve is reflected in the difficulties I
encountered in obtaining information in ele%én cases. 1In
nine cases I was unable to interview a management inf9§$§nt
but was referred to a technician, usually an NC programmer.
While these 'individuals were highly informed and informative
about/the utilisation of NC technology in their companies’
manufacturing érocesses, they were very hazy about most
aspects of information gathering and equipment acquisition.
In particular they wereésuniformly unaware of who exactly was
involved in machine tool selection, and the process of
evaluation accomggnying such selection. In one plant the
technician, the chief NC programmer with a machinists
background, guided me through his plént which specialised in
repairing, rebuilding and making}spare‘parts for jet

aircraft engines. He pointeéd out four NC milling machines

purchased in the- early seventies (prior to his own
4
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employment at the/plant)'as examples of managerial blunders
whikh were completely incomprehensible to him: Two of the
mills 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 bwa/;ills

which had the double pallets but whose controls lacked the

double tape capacity which would render the ;ual pallet

feature useable. The pregrammer’'s explanation for the

N

installation of such mismatched equipmeﬁt was that probably
/ ;

financial management had made the acquisitions decision and

had found “"someone else’'s mistakes going cheap on the used

machine market.”

e

Differences by Company Size

Thus far .I have looked at the central tendencies in the
gathering and use of information for monitoring the state of

production technology and for selecting ne?-manufacturing

gquipments. Next I explore some of the variations in these

patte€rns by looking at\ differences betwéen firms of

~diffferent sizes. In this.section I shall interpret the data

L)
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reorgaqised by plant size (small, less than 100 employees,
medium, from 101 to 499, large, over 500). This information
is presented in Table 4 (pp. 139-140). ey

All firms, whatever their size, display clearly the
distinction between sources of monitoring informatién and
information for selection and acquisition. Large firms
appear to differ from medium and small firms in the relative ?
impo;tance of different sources of information used in
monitorin&'manufacturing technology. Technicél and trade
journals are the prime source of such information for large
companies, while salesmen are increasingly impgrtant as one
moves down the organizational scale. \ ‘5

TLarge companies also referred to building technical

libraries including technical and trade journals. No small

company made any such references, while only two medium
firms did so. However, technical and trade journals are a -
morg important source of information, relative to all the
sources used, for small companies than for medium ones.
Brochures from machine tool builders and distributors were
also of greater importance to small firms than to medium or
large companies. All this cgpfirms what might be expected,

- [4

that .while the cheapest sources of information are preferred

by all firms, smaller companies are most dependent upon

-
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Monitoring

Sources

7 Acquisition
o Inf?rmasion
0 Sources

a Selectioa
Criteria

Number
of firms

Large firms

Infornaiion,

\ ,

Table 4

Information Sources and Selection Criteria by Firm Size

7

“Journals

Salesmen
Brochures

Other Users
Shows
Sub/Contractors

Brochure search ”
Price Quotation
comparison

Check other user

e e(ience/trade
jéﬁbnals
Shows

Technical Speciff;
ications

Builder's reputation
Price

Limited choice
Technical leadership
considerations

Y

‘21

(Weighted meantions)

k]

Me&ium Firms

Salesmen

Journfals

Brochures and shows
Sub/Contractors
Other Users
Associations

Brochure Search
User Check

Price quotation
comparison

Shows
Journals . k

L]

Technical Specif-
ications

Builder's reputation
Price

Limited choice

Ease of Supply

19
14
12

32

11
11
10

Small Firms

Salesmen
Journals
Brochures
Shows

, Sub/Contractors

Other Users

Brochure search
Price quote
comparison
Shows

Accidental contact’
Other Users

-

Technical specif-
actions

Builder's reputation
Pricé

Ease of Supply ‘
Technical leadership
considerations

/

16

30
19 °

13

35

17
13

12
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Table 4 continued:

1.

2.

‘A

Notes

The sequence in which the various sources or
criteria were presented by the informants were
scored in order to simplify comparisons across
subgroups in the sample. First mention was
scored 3, second mention 2, any other mention 1.

A .
"Monitoring informatiort' is informa tion about the
state of production technology gathered without -
dhy intent to purchase equipment. g /[

*Acquisition ,informgtion" refers to information
sought out specifically to guide management in
choosing new machine tools.:

*Selection criteria® are the standards used in
choosing among the various machine tools available.

*-
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these sources. - ‘ . .
! There were three types of inter-firm contacts referred
to as sources of information by my informants —- o?her
Ssers, contractors and subcontractors, and trade orvlndustry
assoclations. In this respect, one aspéﬁt of monitoring
information sources which stands out is Ehe relativé
isolation of small firms. The large companies appééred to
have greater contacts with other NC users, and to use these
both for ﬁonitoring current manuféctur'ng\EEEhnology and for
more focused acquisition information Seeking.

While other users were ‘less iéportant tﬁan contractors
.and sugcoﬁtractors as information sodfées for medium sized
plants, they were still more ngnifican£ than was the case
f5r the small firms. Industry or tfade associations were
mentioned by informants from large and medium firms but not
at all by.tho;e in small firms. Taking thése three sources
together, the medium firms use these diverse inte%—firm
contacts more th?n large firms. gut both large and medium

[=]
firms use thede diverse inter-firm connections much more

than - -small firms.

A parallel pattern of variation is found in information

3

sources used in the course of search and selection of

machiné tools for capital investment. Medium sized
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companies make use of other users more often than either

large or small firms, and both medium énd large compaﬁies'

check other industrial users more than do small firms. A

'séyond t\ ency was that smaller companies relied upon

mac e Hool exhibitions as sources of information when they

" were intending to purchase new equiphent. However, the

differences between different sized companies with respect

to the importance  ofmaehine tool exhibitions as a source of
information wh planning mach}né tool acquisitions was not
as marked as the other differences mentioned so far.

One cat?gory referriﬂg to acquisition information which
appeared in responses from small company: resbondents only
was that of "accidental” sources. 1In one insﬁgnce the
initial choice of NC equiphent occurred on the basis of a
c;ose’personal friendship between the company owner and a
machine tool salesman. 'The salesman poined the compény in a
managerial capacity shoftly after this transaction. L

—

Subsequent acquisitions by this firm, a small jobbiné

machine shop specialising primarily in small-sized aircraft

3 J N

bompdnenté, were largely determined’ by the availability of

-

machines from local suppliers in the face of upcoming
contracts (8). The second firm whose initial acquisition of

. .
NC equipment was the result of happenstance was that of a
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shoe mould manufacturer which needed to replace a worn out

copying machine. This need coincidedtwitﬂféﬁe visit of an
f

NC salesman representing the distributor of one of tgg very,
¢

fewe NC copying machines on the market. The subseqdent

’ ~

acquisition of NC equipment proceeded on a systematic
cxperimental basis, however, in marked contrast to the

previously mentioned case.

~

Primary technical selection criteria were identical for
all firms, with the technical specifications of thé
cquipment being the dominant criterion. In other words the

. machining parameters of the work most likely to be handled
by the machine{~; size, shape, material, kind of machining
to be done, level of tolerance required, surface finish, and

¢
so on -~ were primary considerations. However, large
companies emphasized “brand name” machine tool builders more

“than medium and small companies. This reflects the tendency

of industrial equipment, farm machinery, lumber equyipment,
- a
".and the major aircraft makers to use large machine tools
which are still the preserve of long-established U.S.
machine tool builders. ‘As well, informants from large
coﬁpanies often referred to “robustness,” to “machines .

capable of running ‘cdptinuously without much downtime, " to

the need to "require minimum maintenance,” as important
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technical criteria for toolf selection. Further, fas?
dependable back up services by the machine tool buf?g;rs in
cases of major breakdown were ind%ﬁuted as very important to
minimise the impact of downtimefh The contexts in which
these statements were made suggest that both the heavier
machining of larger parts, longer production runs involving
continuous runniné of ‘machines, and very tightly organised
production schedules were more characteristic of larger
companies. .

P{lce of equipment was a far less salient consideration
for larger companies 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, “We 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.” He then gave as an example of t;Es
best-in—-the-industry policy the U.S. lathes which the

company had recently bought (all of this company’s nc

machines were of U.S. manufacture).

Differences by Industry Subgroup )

Table 5 shows my data organised by industry subgroup.
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Information Sources and Selection

-

Table 5
Criteria Rank Ordered by Industry Subgroup

=23

Aerospace

Electronic
Equipment

Moulds’,
Tool and
Die

Sheet
Metal

Valves and
Pumps

Trans-
portation

Industrial
Equipment

Lumber/
Agricul -
tura)
Equipment

* The numbers refer to weighted mentions,

Information Sources

Monitoring
alesmen

*22
Journals 16
Contractors 10
Other Users 9
Salesmen 13
Brochures 18
Journals 4
Shows 3
Journals 10
Salesmen 8
Other users 8
Shows 8
Salesmen 7
Brochures/Assocs 5
Journals 10
Salesmen 8
Brochures 7
Journals 12
Shows 8
Sub/Contractor 6
Salesmen 6
Brochures 6
Journals 4
Salesmen 7
Brochures 5
Journ*ls 3

~

Acquisition
Brochures
Other Users
Shows

Qther Users
Brochures
Comp quotes
Shows

Brochures
Qther uysers
Comp Quotes

Brochures
Other users
Shows

Comp quotes
Brochures
Other users

8rochures
Comp quotes

BrochureQ\.
Comp qubtes

Comp quotes
Brochures

*17
15
11

-
wonw

w O -

Selection Criterta

Selection
echnical Specs *~40
Builder's rep 15

Price 6
Restricted choice/supply 3/3

—
-l Y~

Tech Specs
Price

Builder's rep
Tech leadership

—
NWwnN

Tech specs

Builder's rep
Price/restr/chotce
Tech leadership/supply

—

N O N~ NN ~ OV O -

Restriced choice
Tech specs
Builder's rep
Price

[

Tech specs
Price =
Ease of supply

Tech specs
Builder's rep
Tech leadership

— e

[

Tech specs
Price
Builder's rep

Tech specs
Builder's rep
Price :

—
)

See footnote 1.




’éheet metal firms diverged from the rest of the sample in
two respetts. First, the sources of monitoring information
cited were different from the other groups in that machine
téol<exhibitions and trade éﬁsociations were more
significant.* Second, sheet metal company informants were
more likely to report that the choice of machine tools was
quite restricted. A combination of circumstances account
for this subgroup pattern.

According to a Montreal NC consultant sheet metal ¢
machinery became computerisedvconsiderably later than chip
cutting machinery (9). NC technology was applied to metal
stamping ffgﬁ'the‘mid—l9705 onward because of the rise of
computer technology which required printed circuiéry to be
protected from heat and dust by means of closely fitting
cabinets and panels. Consequentlf} the metal housings which
were stamped out‘by sheet metal firms for electronic
equipmeht had to be fabricated to more precise dimensions

\
than had been customary in this industry. Manufacturing

she etal parts to more precise dimensions has been

further reinforced by the development of laser technology in

which lightproof contakners are required. Such containers
e T

involve even more critical toleranceg/Iﬁ'their manufacture

than merely dustproof containers.\/geur of the six sheet

€
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metal firms manufacturing electronic equipment cabinets and
housings réported that this had been a major growth
component in their business over the past decade.

A second factor contributing to the peculiarities of
the sheet metal group with respect to monitoring and
acquisition related information processes is that meﬁél
stamping presses tend to be l;rge machine tools. It was
pointed out to Te by a Montreal area machine tool salesman
(specialising in sheet metal presses) that the buildihg of
the larger ranges of machine tools has been dominated by
U.S. machine tool builders. This tool sector has suffered
less from overseas compe;ition than the building of smaller
industrial lathes and millihg 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 previousl;
characterised their penetration of small and medium machine
tool markets.

Another set of circumstances cbné;ibuting 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

Y
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electronic equipment. He pointed out that several
technologies from outside tlie sheet. metal industry are now
affecting sheet metal work. The success of the automobile
manufacturing industry with robotic welding has led to the
displacement of rivetting by electric arc welding (11) as a
major technique in joining together 1a§ge metal sections.
Bgt electric arc welding requires close fitting components
in order to 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 metal components, replacing bandsaw}ng
.and filing, has produced increases in the dimensional
accuracy of many large industrial subcomponents which, in

turn, has led to demands on the sheet metal industry to

match the tolerances of cast and forged components.

-~
~~.

All 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

mrﬁfoﬁhat fabrication. Despite the abundance of. technological

changes in all metalworking fields, this particular

confluence of factors was found only in the sheet metal
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sector. ' It is reflected in the greater importance attached
to machine tool shows aé monitoring informatién sources, and
in the references to the National Metal Stamping Association
as a si;hificant source of inférmation. These circumstances
might also explain why the only two companies who were "
concerned with the possibility that I might be working for
another company and spying for my employer, were two sheet
metal firms!

Despite these recent changes in sheet metal technology
no informants from this group expressed é concern for
technological innovation or leadership in the adoption of
new technology. Technological change was mentioned as a'
p;ocess 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.

;‘b
L7

Acquisition and Innovation

There were five cases where informants mentioned
technological innovation as a factor in NC machine tool
acquisition. In two cases reference to technological'
leadershib were made in passing, and®the informant's

subsequent discussion of NC technology reverted back to an

overwhelming concern with cost justification , technical and
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productivity criteria terms no different fxom the bulk of
the sample. There were, however, tjree in}iresting cases

!
where technological leadership as a/criterion for machine
L

tool acquisition was significant.

The Qost striking ca%e was that of the small company
making shoe @oulds mentioned above, which had applied NC
technology\despite the advice of the NC tool manutacturer.
The firm is currently the only computérised shoé mould maker
in Ngrth America. The company needed to replace an aging
copying machine (12) at a time when a visiting machine tool
salesman happened:to represent thé distributors of the only
nc copier on the market. The salesman warned the company
president (also?khe owner of the firm which is small, having
only 15 employees) that NC equipment was very expensive and
advised the purchase of a conventiopal copier. However, the
company president went to the NC copier maker’'s headquarters
in fﬂ§?§ where he received the manufacturer’'s advice to .
stick with conventional machining because of the ?EEEETEQJL//
small manufacturing runs involved. Despite Ehe fonsistently
negative advice the mould mékef's president considered the
NC copieéer és an advance over conventional models that

brought with it the opportunity to experiment in

computeriséd manufacturing methods. J
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The man who made this decision was an ex-ITT compute%
programme designer with wide experience and connections in
the computer industry. Consequently he_had a favourable
bias towards the application of computer teghnology, and his
own experience and contacts reduced tﬁe risks of such
experiments (or at least made it possible tfo evaluate the
risk with greater clarity.) He is currently working on the
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 collaborated with the Italian NC copier
manufacturer in improving ?he design, of theirumachines and
in develéping the software for mould making applications.

A seéond instance comes from the opposite end of
industrial organization, the informant being a senior
manufacturing pro;ect manager in one of the major U.S.
automobile manufacturing plants in Ontario. ﬁe arqgued that
any new technologicgl applicdtipns undergo extremely
rigorous cost justificatien Eyt that the auto maker was
éonsistently teéﬁnologically innovative and “always looking

for new applications for cutting edge manufacturirg
v

techniques.” One “cutting edge technique” he was currently
-
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concerned with was the possibility of appiying nc toolin; to
mass productioq. He argued that "We all know what NC can do
in small and médium shops, or for tool gnd die work. That's

'*“QSEP going on for fifteen or twenty years. But what can it
do for mass production®? That's what interests’me.""He had
led a team of engineers for eighteen months who looked at
the state-of-the—art NC machine tools with a view to placing

» them on the assembly line. The outcome was a proposal to
use a Swiss NC lathe for the production of clutch
comp&hents.

However, déspite %he fact that the NC lathe was the
“cadillac of NC lathes” it had numeroug design features
which reflected its evolution as a small and medium batch
production tool. All these design features resg}téd in a
machine which moved too slowly for assembly lzne work. The
project manager was to depart that evening for Switzerland
to negotiate with the lathe manufacturea for redesigning the
machine to “...shade off a teﬂfh of a second here and there
so thaifit won’'t be running slower‘than the rest of the
plant "and causing bacﬁhps and bottlenecks.” Since a
successful redesign would result in the order of twenty
three lathes at a price of almost a million dollars apieef,

the financial inducement to the machine tool builder was

»
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considerable. This case is inte€resting not only as an
indication of the probable next phase in the application of

nc 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.
P

ferred to, the planning and development manager of a large

In the third case where technological leadership was
{;L

railroad freight car construction company charac sed his
job as “"to provide stiﬁulus for change.” He pojnt out
that only one of his firm's NC machine tools had not been
acquired in connection with a specific large—-scale contract
impending. 1In this instance an NC lathe had been purchased.
“This- time the acquisition involved vaguer, non-specific
magagement desires to introduce CNC machining into our
operations, to see what it could do for us. But getting the
machiné this way meant that we didn’'t have any jobs lined up

for it, so we had no real criteria in mind to test it

against and we've been looking for things for it to do ever

since. It is very much underutilized and we still haven't

found an optimum way to use it. All the other machines were

purchased in order to do a specific job, usually a :i:z:>
ir

large one and one that was going td be repeated wit ai

’
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3 regularity in the future.” 1In contrast he cited the ‘
company’'s ventiire into the field of robotics, where tlhe
toolroom had constructed two robot welding arms .to impréve
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
éheet,metal work). “Our firm was one of the first in
Ontarjo outside the autg plants to .install welding robots
and as a reéult we're in a very good position to keep up
with this technology. The robots have enabled us to keep to
our céntracts, to improve theé product quality, and to solve‘
a real bottleneck which everyone has had because of the .
shortage of qualified weldeys.” The contrast between the
CNC lathe and the robot welding arms highlights the way in
which most machine tool acquiéitions are conside;ed.
Cheaply and efficiently doing the manufacturing jobs which
have to be done take clear Rriorityﬂover vague desires to be
“first on the block” with the latest gadggtry.
At first sight it appears surprising tﬁét aerospéce -

firms did not refer to innovation and technological y °
leadership aspects of mach£ne honitoring 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. counterparts by which time knowledge of NC

technology was widely diffused in this brancﬁ of’
enginéériqg. One of the pioneer subcontractors, a small

“
jobbing machine shop in Montreal was introduced to NC by its
thqn newly employed tool designer (now manufacturing
manager), an English fmmigrant who had been trained on NC
dquipment in the British Rolls Royce jet engine plant. “We
knew what we were getting into,” was the common response to -
fy questioné about the proble@S of pioneering in NC
technology, even £hough aerospdce companies were the
earliest users of NC in Caaada, as in the U.S. Many
informants throughout the entire sample but especially in
aérospace also mentioned that U.S. head offices or &
contractors were a source of informatio@ about nc and other
new manufacturing technologiés.\

\

The relationship between technical innovation

n

considerations and market pre$%sures was nicely expressed by
the hanager of CNC operations in a medium sized precision |
machining shop spécialising heavily in defence-and aerospace
production. “We are faced with continually ;Banging markets
and technology, changes rein}orced by the“lackxof a fixed

product. Since we are a generai job shop our company has to

be willing to try anything our major contractors ask.

l
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Investment in new Lechnology is\part of this situation.
Contractors will impose tooling specifications so that™~Some
of our machines are obtained in order to get a speci¥fic
contract. 1In other cases ﬁe invest in the new technpology to
ensure that we maintain our‘expertise and experienée,in
developing areas and retain a leadership position in the
industry necessary for later contracts.” Thus pioneering in
the application of new technology was a rather minor theme

[ 4

in the responses, very much subordinaged to technT —and

" cost-efficiency imperatives.

Conclusion

»

The foregoing evidence suggests that diffusion theories
cannot assume that information i\¢ perfectly distributed

across a group of poteﬁtial new te ﬁnology adopters. Small

. I

/
f;rms stand out in following least c®gt but also least

tru?tworthy information sources, using fewer 1m

[}

contacts both in monitoring and selection activities, and in

o

having price, ease of supply, and accidental factors play a
part in the acquisi;ion process. Larger firms were able and

more willing to “in¥est” in information. However, with the
]

2

a tion of NC most firms reported their experience improved

their sapacity to evaluate information and to formulate




o

agguisition criteria more precisely.

In addition, the machine tool builders and suppliers
weré reported té become inéreasingly attuned to a broad
range of industrial applications and improve the technical
p{esentation of brochures and other publicity material so
that the quality of information improved over‘time.
Informants reported also that, while the sheer‘'volume of

information has increased over time, there has been no

significant shifts in the sources they used in either

<
4

acquisition or monitoring activities. Thus over time both
the range and the quality of information, as well as
managerial experience in critically asse§Sing information
had increased, reducind some of the uncerta&eties in
select1ing NC 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 e;hibitions~
and trade association networks more than other firms. This
pattern appears to be a result of the simultaneous
development of different factors altering the markets for

sheet} metal products, the teéhnology of sheet metal

fabrication, and the range of machine tool suppliers in this

>

-~

industry. 1In this case, the resulting uncertainty has led

- "
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to sheet metal)panagement to pool information through the
trade associations and to seek out information whereg
comparison of equipment is possible at trade shows.
Finally, consideration of the advantages aof technical
leadership tended to be a nﬁnor theme in the responses.

Technological monitoring, selection and acquisition seemed,

for an overwhelming majority of my sample, to be Part of

coping strategy, reacting to market demands rather than
actively shaping markets. This response, of course, caould

be a reflection of the recent economic recession. However,

f

to properly evaluate this requires the presentation of
N
further data, commencing with the next/phapter which looks
‘ e

' 7
at the patterns of diffusion of NC #ithin our sample.

Footnotes !

1. For example, when asked "What are your main sources
of information about NC technology?” respondents
would refer to two or three sources. The se§uence
in which the sources.were presented was scored in
order to compare responses by scoring 3 points for
first.place, 2 points for second, and 1 point for any
other mention.

*

2. The analysis in this chapter refers to 57 of my 60
firms. The other three companies did not fit in terms
of the issues dealt with here. One company was a case
of "stalled” installation of N& equipment; a second a
large steel plant where NC equipment was used in the
maintenance toolroom; the third a firm specialising .
in computer manufacturing consultancy. In all these

& °
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cases, NC acquisitions and operations were so
different from the rest of the sample that they will
be 'analysed separately elsewhere.

Thus the Aﬁerican Institute of Plant Engineers,

the Instjtute of Industrial Engineers, and the

Society oX Manufacturing Engineers all have monthly
journals as well as a variety of newsheets, manuals,
special reports and conference papers available to
their members. These contain detailed technical
information on the performance of industrial equip-
ment /in test situations, case studies of machine
performance in actual production, and so on. In

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 comes from machine tool
manufacturers themselves. .

NC tool distributors would maintain-a list of firms
willing to host visits from potential users of
similar equipment. There appeared to be a tacit
agreement that potential users would not visit firms
which were direct competitors in the same product
markets.

In addition to obvious support expenses such as
programming, additional tooling, labour retraining,
etc., and the costs of learning to,integrate the new
equipment into shopfloor operations, NC equipment
was Wwidely 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
‘development as documented in Rosenberg (1963,
pp.414-43) and Wagonner (1968, pp.®™20-30, 51-
59). ¥

Pallets 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 the pallet is rotated. .
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V.
Since machine tool acquisition was often associated with ™
the bidding on a particularly lucrative contract,
availability of suitable machines was of some concern.
Larger firms in the past appear to have favoured the
larger, established U. S. machine tool\builders partly
for this ease of supply reason. Smaller "fiirms, however,
took whatever tool was available at the time when they
were in the market.
Metalworking machines are categorised as chip
cutting or non-chip cutting. The former include the
lathe, mill, drill and grinding machines. In each case
metal is shaped by the action of a cutting tool
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 required shape, or produces a pattern such as
grillwork in a sheet. Forging, swaging and extrusion
are other methods used to shape or deform metal
under intense pressure. In none 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 is not
pToQuced in the form of chips.

This is reflected in the current estimates of the
Japanese share of the U.S. machine tool markets
in 1987 where machining centres are expected to
constitute 52% of sales, lathes to be 57%, but
punch and shearing machines only 19%. AME N
MACHINIST AND AUTOMATED MANUFACTURING, 131
(January, 1987), p. 35.

Welding generally is the process by two or mor
pieces of metal are united by the use of intenge
heat. Electric arc welding the work to be joi
forms the negative pole of a circuit while the ;
welding rod operates as the positive pole. When
the rod is held a certain distance from the work
and direct current fed thfough the circuit, an
“arc” flame is formed which melts the end of the
welding rod. The molten metal from the rod is
deposited on to e heated part of the work to
form the join. Chemical deposits on .the welding
rod evaporate as a result of the heat and
operate as “fluxes” which prévent oxidisation
during the weld. This ensures strong, uniform
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and fault-free welds. In addition, by changing
the chemical composition of these deposits it is
possible to weld previously difficult to weld
metals such as aluminium alloys.

Copying or duplicating machines are also known

as die sinking machines because their primary
application was in the manufacture of forging
dies, steel moulds fo® glass, plastics and low
temperature melting metals; for auto body dies;
and for complex casting moulds such as those for
ship propellers. These machines age fumdamentally
vertical milling machines with a tracer mechanism.
The mill cutting tool or tgols (they could have
1-4 tool spindles) was“confrolled 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 so that easily shaped
materials such as wood, plaster, plastic and

soft metals could be used in making the

patterns.

-
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Chapter 6: Adoption and Diffusion

. e

Introduction

In Chapter 2 I argued that there were problems in both

Y

the innovation-diffusion and the labour process analyses of

managerial decisions to adopt new technology. Both .
positions presented a single, all-enveloping determinant of
technological adoption —-- profit expections and-éﬁass
motivated control of labour respectively. Such unilateral
theories overlook the specifically technical features of new
technology and the variations in térms of firm size,
sectoral iocation,‘and managerial perspecEiysi“which
contribute to the determination of profit expeé:;tions and

concerns over labour costs and labour processes. As well,

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
labour bargainzng power of tﬁe labour process writers
produce overly narrow theories of managerial decision-making
about new technology. In order to document the complexity
of the diffusion process, I 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.n Where NC adoption replaces
conventional metalworking it did so because market demand
for more complex, high pfecision engineering products, for
reducéd lead time and greatédr responsiveness to ) \
faster-changing customer reéuirements rendered traditional
machining techniques inadequate. These market~indﬁ;ed moves
away from conventional machining are very similar to Rolt's p
analysis/of tRe changes in “"millwrighting” produced by the
spread of the Boulton and Watt steam engine (see above, p. .
88), and to La;des' analysis of the changes in production
sysfems in the second half of the nineteenth century (1969,
pp. 309-317 )T The managers in my sample, then, referred to
labour in very restricted, technical terms and not as a
social factor of production necessitating some, special
Jclass-political” strategy to undermine their bargaining
poWer%’ :

Furth ' the interviews provided much greater detail

{
about tecﬁﬁological adoption decisions than diffusion
¥ . .
analysis gurveys. - This detail permits me to document the

variety/of reasons for NC adoption within engineering and

metalworking. More-importantly it shows that, in many

o ,




cas€s, the decision to adopt was not undertaken with
adequate knowledge and was accompanied by very unrealistig
expectations; that it took a long‘gsflod of learning by
using to overcome these unreallstlc expectations and develop
a modicum of efficient utilization of the equipment; that
some long term users are still not using NC equipment
optimally. 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 diminish over time, they do not enpirely
disappear even with long term experience. Traditional
economic diffusion analysis tends to overestimate the

)

efficiency associated with the spread of new technology and
, ]
to underestimate the problems and obstacles in the way of

optimal use. .

My analysis of adoption of, aqd experience with NC
fechnology is based on the responses to questions asking why
the firm originally installed nc éduipment and’ what
experiences (whether positive or negative) were assoiiated
with the use of thls equipment. Similar questions were
asked about each additional installation. As was the case

with the questions analysed in the preceding chapter, the

responses Were examined to identify repeating themes-Jand
/
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these themes were the basis of coding categories. However,

since thé responses usually involved much shorter sets of
themes the tables present unweighted results (1). I shall
look at three aspects of adoption and use of NC té;hnology
jjm%urn -~ the initial acquisition and the experience

surrounding this, the subsequent acqufsitions if any, and

the more significant and enduring problems experienced with

NC.

‘Initial Acquisition

Table 1 (pp. 166-167) shows the rank qrder of the

reasons given by my respondents for the initial acquisition
of NC machine tools in the different branches of engineering
and metalworking. For the entire sample the most important
reasons for adopting NC were: first, 'that it was the most
appropriate technique for the manufacture of complex shapes
and/oxr high toléfahée components; second, that i't enabled a
higher volume of production to occur and allowed the compan&
to cope with rising éemand; third, that it was brought in to
solve the problems associated with meeting a Qarticularly
lucrative contract. -

The adoption of NC equipment in order to cope with

increases in demand and/or to be able to manufacture

165
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2a.

2b.

3a.

3b.

3c.

Codes f NC_Acgu itio
Reasons

~

NC Acquired:

in connection with a specific contract.
to cope with pressure of demand.

to cope with specific bottfenecks.

because of changes in materials or quality or
design of product.

to introduce flexibility in manufacturing to deal
with shorter product cycles, shorter production
runs, greater variabilif& of demand and products. -«

to reduce lead time and associated pre-production
costs. ) . o

because it had become no more costly than
conventional machinery.

in an attempt to overcome problems arising fdnm
unavailability of skilled labour, or because of
rising labour costs.

to explore the potential of new teéhnology.
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Rank Order of Reasons for Initial NC Acquisitions-

Table 1: By Engineering Group

)
\ k]
Aerospace Electrical Sheet Transport Pumps and Die and Industrial Agriculture Total N
Metal Group Valves Mould Equipment and Lumber Sample
l, 6 éa . 1 1 , 3a 2a, 3a, 5 2a : 2a 3c 3a
2a, 3a, 5 2a, 3c, 5. 3a rest = 1, 3¢, 6 2b, 3a 3c 3a 2a
2b, 3b 2b, 3b, 4 rest= mentions 6 - 5 . o 1
o . «
~ mentions 3a 3c
5
. ) 6
2b
¢ ) 3b
Number of Firms
15 8 6 5% 5 ' 6 10 4 59

* An automobile transmission plant was considering installation of NC equipment for the first

VA ™~

time and is omitted here




4
products of more sophisficated 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‘Ehe‘basis of obtaining a

! N \
large, valuable contract. Large firms differed from others

[
in their greater concern to use NC to reduce lead time --
the pre-production preparation of jigs and fixtures
necessary to manufacturing with conventional machining

techniques.

These differences in acquisition reasons for firms of

differing sige also probably contribute to the differences

th rising demand, and reduced set up time, were
ominant reasons for adopting NC equipment before
1974. Eighteég/of the thirty seven pre-1974 adodopters were
¢
large firms. Those who adopted NC between 1975 and 1980 did
so for similar reasons as the first generation of NC users,”
but contract related adoptiqn is more’significant in this
. . 93 .
group. This second 'generation user group comprises one

large firm, six medium firms, and eight small firms.

Post-1981 adopters number only five in my sample, and so

- generalization is extremely hazardous, but contract-related

oo
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Jable 2: 1Initial Acquisition Reasons and Firm Size

!

o !

Small Medium Larde
1, 2a, 5 ° 2a 3a
3a 3a 2a 3 7
4 1 3c
2b 3c 2b n
6 1, 4, 5, 6,
3b, S
Number of 16 23 21 %

Firms

* An automobile transmission plant was considering
installation of NC equipment for the first time and is

omitted here.
™
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Yable 3: Initial Acquisition Reasons and Date ofﬁ
First NC Installation

Pre-1974 1975-1980
3a Cfa
2a - 3a |\
3c 1
b » 3c
5 4, 5, &
6 . 3b
2b
3b

. 3 -
Number of .37 17
Firms .

A

* An automobi l®e|transmission plant was considering
installation Of NC equipment for the first time and is

omitted here.

3
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adoptions is more prominent in this group than among
*previous users. Four of the five companies in this group
are small ones, the lone exception being a medium sized
aluminium foundry.

The aeroépace industry in particular exempligied the
pattern of the combined processes of demand and design
change leading to the adoption of NC technology. Several
respondents in jet plane airframe and engine component
manufacturing firms explained why this should be so. “Jet
air¢raft speeds require wing and fuselage designs which are
constrained by the gynamics of airflow, air resistance and
friction. The airframe components have to ‘be manufactured
to these design specifications and the increased stress
involved in high speed jet flight leaves no room for error
bor sloppiness. Sﬁall mistakes are big catastrophes in our:
business. So ye need manufacturing technologies which give
us one hundred percent repeataﬂility -— we can’'t depend on
the variation in performance which you'll find in even the -

best, most experienced machinist. NC programmes don’'t have
hangovers, moods or quarrels with the wife. Oncevtggy've
been proofed and the machine is set up you know what the
results will be.”

The decade of the 1960s was identified as one of
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spectacular growth for the aircraft industry by my
informants, which in combination with other factors rendered
nc technology increasingly attractive. Thus a programmer
from a major jet engine manufacturer in Montreal pointed
out, “During the early sixties it became necessary to
develop large scéleigroduction of jet turbine blades,
bearings and housings, etc. NC is ideal because it had been
» .
developed in the U.S. air industry to machige the -complex
contours found in jet engine coﬁponents on a repeat basis.
Also the sixties was a period of advances in metallurgy with
the development of much tougher metals which required
heavier cuts and more rigid machinery. NC was the only
technology economically applicablé at this timg:" The
technical supervisor of an aircraft landing gear components
, s
firm poiﬁted to another factor promoting the diffusion of NC
in the aerospace industry duringlthe 1960s. With ".., the
sixties surge in dema?d for aircraft, everyone’ ?rder books
were full a;d you couldn’t get enough conventional
machinists to do the work. We got,into NC to cope with the
backlog and production bottlenecks. NC was developed in the

\
U.S air industry and successfully proved itself so that by

the sixties there were some good, proven machines on the

market for us to use.” Here nc was used, in part, to cope
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with rising demaﬁd in a tight labour market which made
conventional techniques very difficult to apply on an
expanded scale/
However, the increased prep%%ion, complex contours and
new materials involved in jet aircraft manufacture also
rendered conventional machining less appropriate to many
areas of aircraft production. The eng#heering supervisor at (
a major jet engine.fabrication and repair plant in Montreal
highligh%ed this aspect of the interrelation between the
development of large scale production of jet aircraft and

the spread of NC technology. “NC gives you a control factor

over the manufacturing process you didn’'t have before
because the quality of the product dépends so much on the
quality of the part programme and not on the skills of an
individual machinist. This g;yes you control over the
repeataﬁility of products in place of the individual
variation of parts produced manually by conventional.
machining. Repeatability has Begome important because of
the modularisation of aircraft engine components which began
in the early sixties. Modularization occurred because 4
larger numbers of engines were maﬂ&factured and in turn had
ﬁto be maintained ahd°sp re parts provided for: This

)

required a manufacturi system with extremely high levels

"
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of precision for certain assembly without extensive fitting
? procésses which are subject to all the problems arising from
the individual variation of ski}is." (2)

The degiction of the circumstgnces surrounding the
adoption of NC in Canadian aircraft manufacturing, then,
sugéests that a combination of factors came together during

+the 1960s. The technology hadnbeen used successfully in the
’ U.S. aircraft industry. There was an increase in the
demand for jet aircraft, and metallurgical developmehts
contributed to new manufacturing requirements involving

' \\\\\Eféate; complexity and precision. Finally, the period was

by tight labeur markets in which certain

characteris

i

high wages. The latter factor rendered conventiopal

s

machining an unattrac%ive alternative to the adoption of NC

technology.

The design characteristics of jet aircraft, and the need
for an expanded level of production of complex shapes, high
tolerance parts, involving recalcitrant materials was also
responsible for the spread of NC technology from the large
aircraft manufacturers to their much smaller subcontractors.

A consultant suggested that this took the form of very tight
I

control by major aircraft companies over their

Lo

. ) . o
o ‘ l": .r.\ C \
.
s +
.

categories of wo gers were particularly scarce and commanded
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subcontractors. “In Canada large aircraft firms like De

Havillj%ﬁ, Bouglas, Canadair, Pratt and Whitney forced their
subconﬁgﬁdio;zﬁlo 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.”

P
~fiowever, none of the respondents from aerospace

’ ~

“-subcontracting firms described their relationships with

contractors in quite so restrictive terms, althou%h all
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 some space components. rejected
betause they had fingerprint marks on’ an anodyzed surface.

But it's a good way to keep up with the latest manufacturing

'technologies and specifications...... Pratt and Whitney is

L J
one of the toughest contractors. They really knocked us

%

into shape in the early years and we héifd them for it. But

it was good for us in the long run si . enabled us t¢’

keep their contracts and compete in high price precision “m\hﬁ

7

machining markets,”
The emphasis on the advantages of close relations with .

)

the major contractors tended to be stressed by other
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subcontractors. “The particular machine we chose first, an
NC profiler (3), wa§ determined by what we saw as the
weakest area of our produFtion at the time; the area mogt
vulnerable to competition in terms of’ product quality and
lead time. As well, our major contractox §t ghe time
(Mgbhonnel Douglas) advised us on the machine tool most
generally useful for the sort of work they sent us.”

Another military and aerospace subcontractor informant also -
sums up this c¢haracteristic relationship, “We found NC to be
essential for high toler;nce machining of complex parts and
Since its dnstallation here it has

{
done what we expected it to do with no great stirprises or

difficult materials.

shocks.

But we got a lot of guidance and information from

our contractors on setting up NC and programming for these

jobs.

So we built on their experiences and avoided problems

that "way

Our contractors were the most important source

of technological information.

They often made it quite

-
clear to us that a contract depended on having a particular

k;;d of nc tooling capacity.” ‘
A final obée{vation pertaining to NC and aerospaée firms

is a vé}y interesﬂ@pg case illustrating the diversity of

diffusion processes even within a single branch of

engineering. The case concerns the adoption of NC
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technology .by a large firm manufacturing ight simulation

gguipment. In the words of the NC section §upervisor, “"We
first got into NC around 1968 or 1969...... We/didn't go in
because we are a production shop,’far fromlitf We do
largely one off jobs, witﬁ a rare exception of up to t?n or
twelve pieces per batch at the outside. But NC is great for
us because it enables us to fabricate coﬁplex parts far more
easily than with the knife and fork methods of conventional
machining. The capacity to do complex parts easily is very
important for us because we are making replicas of real
alrcraft cabf%s and we often found ourselves buying rea; ‘
aircraft components on a one off baéis. Tnis turned out to‘
be enormously cosply -—- amounting to about forty percent of
the purchasing price. Once we got started on NC we found
that for example a throttle casing reqhiring four parts at
$40,000 each could be§manufactured using forty hours of
grégfamming time plus a two hour run on a machining~centre
to make all four at less than $50,000. This jobysaved'the
cost of the machine itself.”

Respondents in other industries also identified the
combination of increased demand and chaﬁging technical

characteristics of their product &g primary reasons for

turning to NC technology. Thus in satellite transmissions

X
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components manufacturing the move to NC was “due to the
growing geometrical complexity of the parts we make. This
complex}ty 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. Geometric complexity has remained the basic
and most important justification for all subsequent nc
acquisition.” !

In land based telecommunications components, other
technical factors weré listed for the adoption of NC: first, Co
the increased frequency of transmission ranges which requ%fe
greatér precision and better finish of microwave radio parts
if they are to perform at all second, the development of
metal alloys which adapt better to extremes of heat and cold
than the originally used aluminium ahd brass alloys (and
consequently retain the tolerances necessary for high
frequency t;ansmission) but are less easily machined, being ’
susceptible to tearing and rough surface finish if machined “7H
by conventional methods. The greater rigidity and more

14

control over cutting.speeds and feeds associated with NC

méchiningnpermits the use of these alloys (4). -
I have described the\recent changes coQg;jb&tinﬁ’fgfzggfﬁfﬂﬁifﬁﬂr_ﬂ,ﬂ_d
spread of NC techn&iogy in Yheet metalworking firms in the
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‘preceding chapter and will merely point out here that it
follows the pattern described so far of the rise of demand
for higher quality, higher tolerance products, greater
consistency of output, and greater volume demands. .

In pumps’and valves, die and mould, and  industrial
equipment, the pressure of increased demand volpme was also
an important %ausé”of NC adoption. A characteristic
response was, ~We were félling deeper and d?eper into a hole
with our orders, we just’g;uldn’t keep up With demand. NC
was seen as a major solution to sheer productivity in speed,
zf production.” For pump and valve manufacturers the
primary production increase arqiegirom the ease with which
*NC machines could be programmed andjset up to machine -
families of parts (5), and the reduction of the amount of
fixturing involved with its assqgiated set-up and change
times,

In the die and mould sector specific NC machines
offered great advantages over conventional machining vin wery
éé;ticulai op%;ations. Thus die makers found NC--

\electro— 'schafge'machining (édm) machines (6) are much
faster in making certain die components than conventional
nmethods of die making. Although edm machines are very

expenéive (currently around $300,000 including requisite

¥
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hardyare and software) they eliminate the use of high cost
special form grinding tools (7), which also require a heavy
investment in maintenance in order to ensure that their
precision contours are maintained "intact. In addition
industrial dies, traditionallx‘made of high-impact tool
steel are increasingly now made of carbide (8), in order to.
get bigger production runs and reduce maintenance
requireménts arising from die wear. Carbide is an extremely

tough mineral, so it takes a long tdime 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 boring
holes the die would bé heat treated and then the hole was
tapped. For spec}al contour cavities dieg would have to be
split up so that Fhe special form grinders could get to that
section of the dip. Thi§ often involved making inserts of

|

the required cavity form, and all the split sections
!

required ver§ éccurété binniné and dowelling, requiring more
jig boring and lapbing (10). As a result our small dies

would take at least two weeks fn preparation before fitting,

which could tiif ahother week. Now, using a combination of

180

1
I
i



o

edm and conventional grinding we can produce a die in a week
which requires a minimum of a fgy hours or no, fitting a£
all. Overall, then, I'd say the.Agie (edm machine) has cut
down die preparation time to a third of what 1t used to be.”
Another 1;formant working for a chain saw maker found that ;ﬁj
NC edm die making produced major cost savings. “In some
cases die making operations whigh used to take eight hours
has beeh reduced to thirty second which is an enormous
saving in machining and man hour costs.’

In the case of a manufacturer of moulds for soft drink
bottles and other plastic containers whi;h have replaced
glass containers on an increasing scale{ the first NC
machine "...was obtained to reduce set up and machining

¢
time. Even with just four lmoulds taking them on and off

machine fixtures or holders takes a long timg. Especially

- since the molds are heavy solid blocks' of aircraft aluminium

and forged beryllium. NC saves time by combining operations
in one set up, and doing several moulds at a time if they
are small ones. Most of the mou®ds weigh around a hundred
pounds or more when they begin so moving them around takes a

lot of time and effort, even before you talk about brecise

—= placemént on machine tables etc.” )

5
v

Hodﬁver, a tool and die compggy vige’president argued
\ ‘ -
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that NC is probably used somewhat.diffefepély in this iine
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 by edm, certain kinés of
cpntours are only possible with multi—axis CNC or are most
cost efficient with cnc, others a£é best.done by
conventional tooling. Sometimes it is just as easy or even
better to use ?racer devices, but if the cuts are to be ‘
heavy then it is better to have the greater rigidity of the-
Né cutting tool mountings and combine this with NC 1
programming. ”

Industrial equipnygnt, agriculgural and lumber machinery
manufacturers all emphasized the contribution made by NC
machining to reduction of lead times in machining by
eliﬁinating pre-production design and fabrication of special
fixtures and holding devices. This concern with eliﬁinating

. a

downtime emerges as one of the most important reasons for
the later installation of NC, as Iqéhali show in thé next

section. - -

Transportation equipment companies initially adopted NC

in connection with the particular technical requirements of ’ N

3

specific contracts. A nice example was citgd by an

o
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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

N
&

components containing many holes at ‘angles, with special
contours, all requiring high precision for fuel efficiency.
The North American rai%roads ;ere trying to reduce
maintenaﬁcg costs, fuel costs, and so on, especially after
the 1973 oil crisis, but they were always under the gun to

cut costs so they always pressured us on our manufaecturing

( ~

éﬁé?s. Also the 1970s was a period when an entire

generation of railroad locos were worn out and needed to be

5

replaced. This meant that we had to ensure the’efficiency

and reliability of engines, plus be able to deliver to tight

schedules. These were the key to getting railroad loco

J

contracts.”

Apart from the foregoing sub—sectoral variations-in NC

'

adoption motives, there were some patterns whic:/gut across

the sectors. In six cases NC equipment had been/
Y

in response to thq;ﬁemands of a specific upconiing contract.

installed

For example, two aerospace subcontractors purchased their

first NC machines to cope with high precision, unusually

high volume contracts for wing components with complex

contours. In the case of the railroad freight car maker ,

I
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discussed in the previoué‘hhapter, the original impulse to

-

get NC machinery was due to a particular contract for a

-

¢

large number gf box cars. The box car doors involved
punching or d%illing lafge numbers of small hples with
accuracy, so :ﬁ NC pdnch press was acquired.

An aluminium foundry installed NC mills to6 machine
engine blocks to.dealtwiih a larg?‘order for a major auto
, maker. This was the simplest use of NC in our sample.  1In
orderygp reduce costs the contractor required aluﬁinium .
castings which no lonéer needed grinding at the auto pilant
befote aséembly: At thg centractor’'s suggéstion the foundry
installed two NC mills which machined the two mating
surfaces with a éﬁmply-programmed single pass of the cutter.
The two machines were mannedibj a single operator who merely
loaded and unloaded the mills. Here NC machinery is Qsed as

L

a fully automatic operation. The contract was sufficiently
lucrati;e for the foundry that it was conéen£ to absorb the
cost of the new equipmen? and set up in order to ;etain it.
However, there was some dispute within managgment over

. whether to continue using the NC mills ds+ithey were séﬂ up
or to try to explofe what other uses they might* be put to.
. My informantufélt that they were gengrating a sufficient

‘8
revenue as se* up and until thag contractqéxpired he saw no

P
\ . -
. s
P ¢ B -
f ‘

184




6o ?

justification in experimenting with NC.

A sheet metal company installed an NC punch press to
deal with a large order for ships’ furniture and fittings
for the Canadian navy. Another sheet métal firm won a
contract for an unprecedentedly high volume of steel

cabinets. In all these cases the informants said that the

cost of the machine and its programming were absorbed by Lhe

«
first contract so that any subsequent use of the machine

should be extremely profitable.

Several firms enjoyed the advantages of a specialised
niche in the engineering market aﬁd the adoption of NC was
often related to very specific technical problems, of
production associated with thét product niche. Among thesc
firms were the die making concerns already discussed in
connection with their use of NC edm machines. A similar

situation was found in a firm making gyroscopically
stabilised camera platforms for surveillance aircraft 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
coﬁkining 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
elements had the highest level of pre¢ision gauging,
indexing and reading of the available mills.

Another specialised application was found in the case of
the chain saw manufacturer where NC laser cutting was a
major time saving advance ;ver the traditional techniques of
sawing, shearing, and grinding the extremely hard tool
steels used to fabricate saw blades. 1In addition NC laser
welding wasiintroduced “as an important material saver
because we weld stellite (11) to the ends of chain bars.
Before laser welding we welded twenty percent of the
stellite rod and lost 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 five firms mentioned an exploratory or
pioneering interest in NC as a factor in their initial
adoption decision. According to the manufacturing .
engineering manager at a railroad king equipment company,
“Management in the mid-to-late sixties) saw this new
developing technology as having the versatility that fixed
automation didn’'t have. They thought it was worth gaining’

experience By going in on the ground floor of new technical

186" .
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developments because the potential markets were likely to go

7
{

with technological leaders.” However, this company is now
reorganising its plants and mdying most of them toward more
specialised production using conventional automation rather
than nc. By reducing the 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 aircraft transmission
components manufacturer. “We were one of the pioneers (of
NC) in Canada ... We felt that NC was the natural trend of
machinery in our field at the time, and that we should keep)
up with an emerging technology. We select;d a simple
machine - a point-to-point drill which fitted a slow spot in
productioq. It was easy éo use ‘and programme, so 1t was a
good machine to learn NC techniques by.”

A variant of this pioneering interest was expressed by
the owner—managér of a sheet metal company, identified by
two competftors as one of the leaders in the field. “In the
late '1960s U.S. sheet metal firms were moving towards NC
manufacturing. It suggested to uUs that we needed to do this
to stay ahead of the competition and cope with the rising

production demands we were facing.” Another sheet metal

firm owner who claimed *to export two thirds of his output to

~
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! .
the United States, argued thaF fromifhe late sixties, "U.S.
contractors viewed shods without NC as mickey mouse
operations. 'Putting in NC equipment lifted us up to a
higher strata in the industry.” (12).
In two gases an awareness of the spread gf NC technology
coincided with the need to replace worn out equipment. An

aerospace firm making hydraulic and pump accessories had a

longstanding informal policy of acquiring one new machine

per yvyear as long as market outlogk was good. “We had heard

quite a bit about NC and were attracted by the possibility
of improving lead time through the reduction of jigs and
fixtu;es made possiﬁle by NC. We were sceptical at first
claims made for NC but thought it worth trying one new
machine which we’ bought to replace an ageing miiling
machine.” ’

A more sweeping approach was taken by a major
agricultural equipment firm. “By the early and mid-sixties
a whole lot of ou;,machinery was ready for replacement
because it was'ﬁery 6ld. NC was the obvious way to go
because you:cbjld get the production of three conventional
machines out of one nc machine according to the consensus‘in

engineering. Also it was a flexible technology appropriate

to an up and down industry like agricultural equipment.”

[
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In eight cases labour advantages were mentioned as

important reasons for getting nc equipment. Such reasons as
incgeasing_broduction volume without a proportionate
increase in the labour force; improving product quality

2 [
_ odespite a shortade of skilled machinists; and substituting

intelligent machinés for hard to get skilled’metalworkers
were cited. I shall be dealing with these matters in Fhe
following chapter. Several firms also reported that the
| labour saving advantages they had anticipated from nc

| adoption did not materialise. QI shall also report on these
r

i instances in the negt section of this chapter. But now I

1 want'ﬁo,explore the experiences of my saéple of firms as

i they Qofked with NC technology; the reasons for exégnsion or
[ an~expansion of NC machining; and the problems and
advaﬁtages associated with nc utilization.

-

‘ Later NC Installation and Experience-.

- / R
The reasons given for NC installations subsequent to the

initial acquisition are given in Table 4 (pp. 190-191).

o

Across the whole sample the most importgnt reason was in

‘ N
order .to reduce set up and non-machining or dowyn time. The
other most salient reasons were: to obtain quality

improvements in terms of greater repeatability of output;

\
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= 1 stallation
NC installated to:
1. cope with increasingly sophisticated .designs of
products,
ib. cope with recalcitrant materials such ai/ﬁspace age |

superalloys”.

4
T

2. . (reduce set up and cross-machine €ransfer time.

3. improve quality in terms of finish, repea%ability,
tolerances.

4, 1ncrea?e machining time. ~
5. improve flexibility for small batch runs.
6. reduce waste and inspection time.
7. save l'abour costs. ° ’
8. open up new markets for firm. ‘ , : .
9. gain experience with advanced new technology.

\ . "

\ o
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Rang Oorder of Reasons for Subseguent‘Acquisitiog;Pattérns © o ’

o

Table 4: By Engineering Group ' . ///;7
Aerosﬁécé Electrical Sheet Transport Pumps and - Die and Industrial Agriculture Total
Metal Group - Valves *~ Mould gquipment and Lumber _ Sample
1 2 3, 4 Z 2, 4 2 2 2 2
2, 3 . 1,6 6, 8 3, 4 rest = 1 .3 - s 3
e q Y ) ‘ .
4 4, 5 " 1b 5, 7a. mentions. 3 6 3, 6 4
1b, 8 7 o o : 6, 8 4,7 - -1
5,6 ' i - - 8 6
. ) Iy , 5
N
. 8
'3 ~ < , . . 7
o » - ' B
N\ - ’ . - .
\ ' Number of Firms
15 8 5* 4* -5 6 10 4 57*
> -

»
3

* Two firms had a single Nc'ppol and consequently subsequent acquisition issues dit not
arise. "'One firm was actively considering NC installation for the first time.
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better surface finish and higher tolerances; to ortain j,
faster ﬁachining of_pieceé by coﬁbining.é%erationg on a -
single set \wp; and to be able to undertake machining of more
complex contours and facilitate 1he machining of difficglt
materials such a; stainless éteel alloys.

Throughout the engineering ihdustr& "downtime” when
maéﬁine.téolsvare no€’shaping metal éé identified as the
fundémental~source of costs. Estipates of downtimes for
particular pieces of work ranged fronf40% to 95% of the time
spenteinkthe plant acgording to my informants. Even so,
much of the machining that takes place %s not the direct

manufacturergf‘parts to be sold but rather the. fahrication

of jigs and £ixtures - devices to permit productién to takew

place. In order fof:such production machirfsng éo take place
the machine tools and théir adjunct jigs and fixtures have
to be cérefully‘set up, yet another time—consuminé process.'
Subsequently, inspection ﬁeasurements have to be made at
certain points during the machining proéess 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,

specifications for the machining of those parts.

Non-machinfng time, embodied in preparation for production
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and inspection du¥ing producion, contributes considerably to
the costs of produgtion in engineering and metalworking.
Another important aspect of downtime is the need to
transfer pLecgs from one machine to another - frem la@hé to

-

mill, to drill, to grinding machine, etc. — in order to
effect the dlfferent machining, processes requlred Scme of
these machlne processes can be’ slower\}han others, sone
require longer é;%es to set up, etc., so that scheduling the
route of the piece to minimise down time is an extremely
complex process'in large firms,\the responsibility of entire
departments of “process planning,” and optimum scheduling
extremely difficqlt to obtain (1?). Consequently, . E~
coﬁbonents in the making spent ﬁuch of their time waiting in
between transfers from one type of machine to another. It
is not surprising, tﬁen, that NC technology, which makes '
possible the combining of different machining processes
&siﬁg standérd cutting tools:and simplified holding
arrangements also using standard clamps and bolts which
largely elfminates the use of jigs éﬁd'kixtures, is
peTcei&ed to have reduced downtime costs significantly
across all sections of metalworking and @ngineeriﬁg (14).

‘ 7
It was in respect to these factors that the-head of the

NC machining section of a large airframe manufacturer told
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me,."Our reasons for g?}pg NC were its efficiency and time
saviné. You have fewer and simpler~holding devices
replacing many varietf;s\gf jigs and fixtures. Quality
control precesses are simplified: NC lowers the inspectlon

required because you only have to inspect the first piece.

More ‘economies develop the more 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

LY &
monitoring and replacement and so on. Once this level is

>

o>

achieved you can run NC-machines twenty four hours a day

with minimum manpowér, with most of the direct labour going

into loading and unloading workpieces.” This firm
) ) .
specialised inithe manufacture of large airframe parts in

relatively 1 rge“batchei: Its use of NC machinery was

* \
nearer to mass prééuction operations than to the very small

»

and variable runs found in subcontracting shopéj

A}

Coﬁ%equgptly, NC machinery was organizéd for production by

semi-skilled operators who acted as machine loaders and

I R ' .
watchers once jhe machines had been set up by skilled

machinists who also loaded and proofed the NC programme (15)

(these deployment patterns are discussed in the following

[
o

chapter).

Another characteristic commentary illustrating the focus *

»

. o~
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on downtime reduction was made by the programmer from a -
¢

small general preéision machining shop. “NC has altered the

Y . SN

production sequence a ‘lot. Very._ often before NC there were
lots of problems with a piece waiting to be worked on -
because a particular machine was loaded with something else,

L]

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 process.”

—

Similarly, the manufacturing engineer of a large
agricultural equipment firm saiéhhis compépy e;berienced «
three méﬁ%r advantages of NC over conventional machining.
“The major gains were an increase in production rates
through the reduction of set ups, messing aroﬁnd with F
fixtures and a cohbipation of machining seéuences with one
setwué.‘ This also lowered overall costs because you didn’'t -,
have to stock additional materials for fixtures, store '
fixtures, make more than tpe required number of parts so as
to reduce éhe possibility of.setting up the production again
in a few months’ time. Then there were important labour
savingg‘sinée you didn’'t have-pgople workiné up the‘téohﬂﬁz
setting up sevgfal times on the same piece, transferring the

¥

piece across machines an? so on.” L

The results presented in Table 4 show marked uniformity
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sgmple, with little inter-sectoral
1 1] w

variation over the reasons for expanding NC utilisation. ‘ .

of responses across my

¥

. This is accounted for by the promihence of downdtime and set

-

up costs in all branches of engineering apart from areas of-
mass prbductiom which constitutes a quarter of engineering
pfoduction volume at most flG).n The importance of these

technical advantages were underlined by the president of an
A ] "

advanced manufacturing systems research, development and

consulting firm. “NC and CNC is a- technology which is "

[

applicable with advantages virtually everywhere. Too many

people see it as requiring high volume\F%'order to pay back
thk higher cost as fast as possible. . They don’'t understand
that higher costs are not only found in high volume work but

also in short runs which are extremely expensive in terms of

»

set up, piece idle time,?etc. It is the rather small runs

"

and volumg§ whichy by thé’way, characterise Canadian
manufactﬁring very much, where the advantages are reaily
felt to the full." He argued that the fundamental obstacle
to the s;read of NC and dNC was management conservativism,
pointing out that North American management contains a
significantly smaller proportion of engineers aﬁd scientists

than is the case in Western Europe and Japan (17).

The sheet metal firms stood out as companies which did
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not emphasize éhese advantages 6% NC.'  This reflects the ti
vefy different technology involved in metal'stampiég*as(
opposed to metal cutting. Shéet metal firms oBtain stamping
dies from subconénacting tool and die wprkshops who absorb
the costé‘of éet ups, "fiktures, etc. in making these parts,
Setting up punch pfessggﬂis a far éimpler procegb than
ggtping up fixtures_gﬁ mills and lathes. It usuaﬁiy

invplyes inserting the dié§ or other stamping piecés which
’ * c o Lo f
fit over mating' pins so that there is very little critical

labour required to actually check this installation and then

- a .

establish the correct feed rate and die pressure for the

thickness and the domposiyion of the metal sheetdfeing

worked on. oIn these circumstances the NC machines’ most

- .

‘important advantage was the precision in setting feed rates.
Pfe-NC stamping presses had feeding mechanisms activated by

rachets so that the feed rate which determined hole location
8 I -

was restricted by the ratchet gear ratios. Electronically

”ac%ivated feeding -devices overcame this restriction and made

A

feed rates far more flexible. NC also introducgd deéign

e -

changes whigh made thg.installation of dies faster-and
£ »
1
increa§gd the range of die patterns. .In the words of one

sheet metal]firm owner, “NC machines give us repeatability

of -orders, computer storage of the patterns, faster

i
3
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programming, cheaper costs and faster productivity.”’

There were some variations in the reasons for
subsequent NC acquisitions between firms of different size ,
as shown in Table 5 (p. 199). While the aim to reduc? set
up time was very prominent among all firms, the small firms
were concerned wikh the need to cope with complex, very high
precision manufacturing requirements. This reflects the
weight of precision machine shops, aerospace subcontractors,
and die and mould firms among the smaller plant size group.
Medium sized firms were concerned to use NC equipment to
upgrade the quality of their products which reflects the
number of sheet metal and pump and valve companies in this
group. Large firms viewed NC technology as a means to
introduce greater flexibility into their production and so
enable them to cope with the more wvariable and fluctuating
markets which have emerged over the past decade.\vf~

The concerns of engdineering management to.reduce down
time and to improve product quality are identical priorities
for NC acquisition prior to 1974 and after 1981 (Table 6, p.
200). During the intervening years these congi ns were
displaced by the need to cope with increased com xity,

design refinement, and precision of engineering products.

The following section explores the reasons for these shifts.

4
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Table 5: Subsequent Acquisitions and Firm Size

Small

Number of 16
Firms

% Two firms had a single NC tool and consequently

Medium Large
), 3 2
2 3
4 5
5, 6, 7 , 8B 1 , 4, &
1 , 1ib 7
21% 20 =

subsequent acquisition issues dit not arise. One firm
was actively considering NC installation for the first

time.

e
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Iable &6: Subsequent Acquisition and Date of First
NC Installation
y -
Pre-1974 . 1975-1980 1981
2 1 2
3 2, 4 3 0
\ 4 3 Rest =
3 6 mentions
1 , 6 8
ki 1b, 7
ib, 8 R
Number of Jb% 17 4 =

Firms

* Two firms had a'single NC tool and consequently
subsequent acquisition issues dit not arise. One firm
was actively considering NC installation for the first

time\

| OO —
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Temporal Shifts in NC Adoption

There were shifts in the reasons for adopting the

technology as experieﬁce with it grew. An advantage of
N
being a pioneer was pointed out in the case of a general

s

precision machine shop. “We were persuaded to try NC
because of the conventional arguments: engineering control
of the operation because thiﬁpperator was captive to the
pyograﬁme so you got reliable, repeatable parts of high
quality, etc. We found though, the major initial advantage
of‘being an innovator was that you could charge conventional
machining rates for jobs done by NC tools in one tenth of
the time. Also having NC capability carried you through the
slumps when conventional machining jobs were sc:}ce. As one
of the few NC companies around you still got the complex
jobs and the high precision machining contracts.”

Two similar aerospace related precision machiping job
shops pointed out that they initially went into NC in én'
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...... Later, parts
have got so complex that;NC machining is essential. You
can’'t make them on a repeated basis by conventional

machining even with skilled people.”

201



In the second firm, which did a'significant proportion

of work making spars for U.S.A.F. fighter planes, "The
company developed by building a skilled labour force of
Furopean immigrants with industrial apprenticeships and
extensive qualifications and experience. For a long time
highly skilled machinists were essential in the production
o£\sg§rs because the geometry was too complex for the
programming capability of nc machines. Later it was
difficult to maintain a full company of skilled machinists L
and our ever expanding work load leq to the need for using
smart machines and less skilled operaters. and the parts
became'mor; complicatgd and increasingly difficult to
machine to the required tolerances. Over the past five to
eighé years there has been a shift‘in the airframe industry
from aluminium to titanium alloys which are very tough to
machine. Nc machines get the best results.” (On tough
materials and NC machining, see footnote 4).

Respohdents in several branches of engineering and
metalworking commented on the shift to ever closer
tolerances and standards of precision. Some of the
preceding statements have already alluded to this. 1In
qgfgipace and military contracts NC maéhigang has long been

established as'the norm and subcontractors are judged by

S

“
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extremely high quality standards with, for example,

virtually no allowance for scrap producing errors. \This is

partly a peflection of the extremely expensive high stress
alloys used, and partly a traditional emphaéis on high
technical precision. N

The proprietor of a precision aluminium' 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 ;han they used to be, they are
larger than they u;ed to be, and tighter tolerances are now
imposed on manufacturing techniques because people are now
designing through computer techniques. These changes are
due to a combination of eﬁ%ineering changes. In metallurgy
there has developed stronger but more castable and
machinable alloys. This means inves£ment casting (18) can
be used for bigger sized parts which couldn’t be made with'
earlier alloys which experienced all sorts of stress and
weakness in large forms. Casting pafté.can cut down costs
because a ;ingle tast part can eyiminate the need to
assemble several smaller parts yhich redquire careful design,

manufacturing and fitting to end up together in the right

way. And 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 beqause you have crude casting methods.
The finer casting methods also minimizes machining and
finiéhing of parts with all the potential bugger—ups that
can involve. Nsﬁ with cheap, powerful computer programmes,
CNC machining centres and edm machines you can make the dies
that make all this possible.”!

Other areas of enginééring which had experienced an
increase in the complexity of machining in order to cope
with increasingly rigorous design phgnomena included pumps
and valves where the refining of an ever growing arfay of
toxic and corrbsivelchemicals réquired high preésure,
corrosion resistént, leakproof and precisely adjustable
valves and turncocks. Parallel developments have occurred
in the use of pipelines to trgnséort gas and oil over long

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 impellers similarly more rigorous.
In the printing industry, multicoloured, photographic
reproduction requires very tightly controlled paper iolling
feeds and precise coordination\pf‘multiple pr;nting rollers.
These requirements have led to the emergenceqof precision

’t

-
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requirements “"almgst as tight as those in the aircraft

industry,” according to a printing machinery informant. 1In

shog moulding the use of differen£ plastics and plasticised

4

___fibres in various combinations required very high accuracy

in mould finishing because of the complexity\of,the
allowances to be made for shrinkage as the plastics
solidified and hardened. Similar trends to higher precision
engineering in sheet metal and electrical products, as well
as the mov% to carbide dies have, as I have already |
indicated; led to the éonsolidation of nc.technology in
these s;ctors of engineering and metalworking’ (

Apart from the various causes of the development of ever
higher standards of precisioh in engineering manufacturing,
thilspread of NC téchnology was reinforced by another
general tendepcy;'an economic one affectihg several
indust{ies. This was the increasing iﬁstability of markets
arising from various causes during the seventies producing
shorter product life cycles, reduced lead times to developn
and manufgcture a product, a greater tendency for
custoniizing, all of which produced shorter and more varied
product runs. Such t%qdqncies have been most widely

commented upon in the automotive industry but have spread to

other industries dﬁ;ing the 1970s (Blackburn et al.,b 1985,

4
0
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115-145))

For example, it was noted by a toolroom supérvisor at a
major ;utomob;le making plant. “NC was first installed here
(%9 the plant’s toolroom) because the firm wanted to cut

" down lead times for replacement parts and , later for
prototype manufacture. We often get situations where the
assembly line is potentially jeopardised if it can’'t get
replacement parts in reasonable time. Also in thi; industry
rétooling times are very criticai and we need to cogstﬁntly
cut the time needed to manufacture complex fixturing and
components for manufacturing. But in the seventies response
times have become increasingly critical as the North
Américan autq industry is being required to b%come
increasingly flexible in its range of models, its
customising operations, expanding the range of models-
offered and changing models faster than before.”

A variant of this situation was found in firms which
suffered particularly marked ebbs and flows in the demand o
for their products. Thus the plénning and development
manager at a railroad freight car manufacturer pointed out,

" N
Another important feature relates to the fact that this

particular industry is subject to considerable fluctuation -

'in @emands so production levels move up and down quite .
- . ( . N

- ~
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extremelyn In the past this has meant extensive layoffs
auring slack.times and sometimes we haVeflést good people
and couldn’'t get such high quality workers back. With NC
and robotics we\?an produce at peak times with a lower
labour force and retain them during slack times. 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 -
employment stability and reliability in labour suppi§."
Similar emphases on the advantages of NC to industries ~
yith fluctuating markets were found in agricultural
equipment. For example jthe manufacturing engineering

-

supervisor in one such firm pointed to the shift in thinking
as his company gained experienc% with NC. “We gbét into NC
primarily to reduce costs and fo increase output during.the
seventies when demand was increasing rapidly. NC promised
more rapid production without skyrocketting c¢costs of
tooling, fixturing, and set up. It also promised to combine
machining cycles and reduce piece Eyansfers and '
non—-machining time for any’piece ...... Later on the market
started fluctuating, ther® was also a move to greater
product variation. So NC technology’'s flexibility became

more important when you needed to switch production from one
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product liné to another and moved to smaller volume $
production‘of a greatér variety of items.” -

Several informants in aerospace and precision \
machining shops pointed to the difficultiés faced ?y their
firms in a market subject to very high perfdrmance standards
.and violent cyclical shifts. ™“The work we’'ve done for these o
contractors*hés'qubléd us to keep up with the best
maghining and metalworking technologf so*ﬁe do the highest
quality work with tﬁe best preci;ion machiﬁes‘and inspection
procedures, and attract a quality labour force. But the
technolog§ in this area keeps changiné so fast you have to
keep the contracté coming in to be able to afford upgrading
your equipment. And the standards are so high it takés
years to build a ?éputation but only one bad order to ruin
it.” And another aérospace machining firm informant pointed
out, “Job shops like us ;re under extreme pressure all the
time. Our business is a very up and down oné, it’'s -.either
feast 9rhfamine. But.even in the good-t;méé there’'s very
fierce pressure to cut thélcosts on the jobs you do. It's a
highly cpmpetitive business in qertain afeas; a good
toolmaker can set up a one-man shop in his garage with

negligible overhead and do a single operation job. Aall

round machining shops are . strapped because we have to
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maintain all round capacity with a fange of machines and a '
core of gkilled operatives, technicians and managers.”

e ]

Patterns of NC Adoption and Use

While there Qas much convergence aﬁd overlgp over the
reasons given for the initiél adoption and, subsequent use of
NC technology thr?gghout my sample-certain patterns of types
of adoption and use occur. Several firms had édépteiia
‘careful one step at a £imé approach. Th;; commenced with
the ident}fication of a particular bottleneck which might be
'opened up by using é‘relative;y simple, easy to programme nc
tool.  The tool's simplicity made it an ideal learning
inéirument and did not requ;re thé infusion of major
resources to suﬁéort its operation. Four firms - a steel

4

company wh#ch is to be outlined in detail below, an aircraft

transmission and gearbox manufacturer, a pump,impeller and
valve méker, and a manufacturer of swaging (19) and forming
tools were examples of fhiSLapproach.

t
. N e
A second pattern was the utilization of NC machinery to

solve problems of a particularly difficult machining
process. In this case there was no implication that NC’'s

success would -lead to the expanslion of NC to other ’processes

in the plant. This pattern was particuiarly marked in
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diemaking where edm mgchines worked side by side with
conventional machinery f?{vspecific agplicatiqns only. It

wés also found in several plants where the dulk'oﬁ the \
produc? line was mass produced as castings, forgings, or N ¢

welded parts, and NC was applied to a single line or %amily

" of parts. —~

Such was the case,of\the aluminium foundry finish}ng
‘auto engine block parts on NC mills;-a‘plqnt making heavy
industrial rollers, bearings and bearing paigs, which
introduced NC in order to develop a line of aircraft engine
bearing c;mponents; a¥ firm making qﬁ;arge variety of steel ]
pipes, pipe fittings ahd pressure vessels for the pulp and -
paper, petrochemical, food and beverage industries, which |
installed aft NC-press for a spegific sheet metal stdmping '
contract, and then spent many yea;s using the machine rafﬂéﬁ?

¢ - ‘

episodibally;‘an elevator ang conveyor machinery

manufacturer which used NC- for the precision machining of =

guide bed components of these items. In all these cases NC
-2

~

existed as a tiny .island of advanced manufacturing

Y

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 adoptéd the policy of replacing conventional machine .,
\ .

[
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tools with NC tools as the former wore out. This policy was
i [4

undexrtaken on the understanding éhat NC technology was the

LY

"wave of the future” in manufacturing technique and :Puld

. ‘ . &
become the mainstream mode of production in the nearxfuture.

Such policies were undertaken by agricultyral and forestry
equipment firms, by a sheet metal firm identified, by a

tompetitor as one of the most techpically'advancéd in the

region, an aircraft fuel line cqmponent maker, two

manufacturers of pumps and valves,'two“firms making heavy
ﬁachinery fo? pulp and paper, mining and hydro electric

i -
]

utilities. g
I

S

A fourth‘patterﬁ was that of techmological transfer from
contractors to subcontréctors, and the'shift ih demands on

subcontractors from products réquiring higﬁ conventional
¥ ~

manual machining skills, to prdducts characterised by ever
greater complexity, greater precision and critical surface’

finish, and more difficult to machine materials. This was

3

particularly marked in the aerospace industry, of course,
but these pressures were found to exisp)in diéxcasting,
valves and pumbs, and électrical’transm;ssion and
commun%sgpions equi;ment. . L :— _ ~

.
~




The Process of NC Adoption: Three Cases -

While the foregoing analysis, I hope, sheds light on the
reasons for NC adoption and utilisation, it does not provide
perhaps, a very clear impression of the process a firm goes
through in the course of installing and using new
technology. In this section I want to present three cases
which exemplify the extremes of the process of technological
adoption. In two cases the firm just “"muddled along,” in
the other case the process involved much more systematic and
~ongoing evaluation and planning at each phase” of adoption
and use.

Ironically a CNC research and consulting firm clearly
@isplayedothe muddling along approach and also exemplified
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 diffeq;nt types of industrial o
production arrangements, to develop new programming
software, and to make prototype NC and CNC machining parts

e
and fixtures. The company developed ocut of the consulting
!
activities of a number of university based mechanical,

.electrical, and computer engineers. However, in the process

of setting it up “it did qgt follow our own principles of
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planning for machine tool selection. Our NC 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 to handle and explore a wide
range of applications for our R&D work.” 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 some equipment quickly becéuse
our first contracts were in hand and we felt we had to move
fast to establish ourselves. After that our personnel
tended to be so busy hghdling subsequent contracts that we
didn 't have the time or the resources to take stock
systematically. As a resultcye fell into the same trap as a
lot of our clients.”

This statement clearly illustrates some of the
constraints which deflect management away from optimum
decisions and generate satisficing decisions. These
constraints are thg same as thoseowhich lead firms to the
use of least cost‘sourCES of information in monitoring and
selection of nc tools. Manufacturing firms are under
continual demand pressure from their markets which diverts
their attention and resources from anything beyond coping

with such pressures. There is little scope for systematic

213
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planning and reorganisation for the optimum use of NC which

is unflertaken, if at all, only when serious and specific
threats to market position develops.

While the advanced manufacturing consulting firm
obtained NC equipment without the kind of systematic 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 manual operation,
as was the case in the following example. In my second case
there was considerable doubt that the NC 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 ﬁalf and two and a half\million dollars,
and less than- ten such units were made in|a year. It
comprised many subcomponents, generally fabricated from v
basic engineering materials with well known manufacturing
properties but requiring very close tolerances| comparable
to those of the aircraft industry.

In the course of expansion in the mid-seventies
fmnanagement had invested in an NC lathe and mil?ing machine,

On the basis of their understanding of the NC equipment’'s
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capabilities the ceompany had committed itself to a larger
number.of contracts than it could effectively handle.
Failure to live up to contractual commitments, prolonged
difficulties in using the new equipment effectively and the
increased debt load arising from capital and labour force
expansion undermined the company'éﬁprofit position by the
end of the seventies. The recession of the early eighties
produced a financial crisis and a new management team was
brought in to restore profitability.

My informant, the current manééer of operations, was
one of the new managers, an engineexr by training with
managerial experience both 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 NC in the context of "managemept‘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 for
NC either by the management or the workforce.”

Among the management failures particularly common with
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the adoption of NC he saw several planning failures prior to
nc installation, and some resulting problems for the pattern
of NC utilization at the plant. “Management didn’'t see that
people are the whole problem not hardware or dollé&s. You
can only effectively use NC if you’'re organised to use it/
We're not organised to use it even now§ twelve years after
we got it. There are certain preconditions for NC use we're
just not meeting. First, we are not organised on the floor
so that the NC equipment is fed jobs all the time. This is
essential because NC machines are not just more expensive
than conventional Aachine tools, but they carry a greater
organization and technical burden. For NC the cost of
operative labour is insignificant. But because they are
more productive they require either higher inventory or an
extremely well 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 prior evaluation and planning

«Mmanagement had underestimated the costs of installing,

maintaining and operating NC equipment, and they
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underestimated the degree to which all 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 could 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 some reorganising in the physical layout of the )
shopfloor, and by grouping mathines in such a way as to make
automatic transfer of workpieces acro®s machines possible,

or by establishing work cells which permits an operato; to
work on one machining sequence as another is occurring at

the same time. But work cell arrangements and shopfloor
reorganisation "...requires new forms gof organization with a
lot closer communication between design manufacturing and
shopfloor people. To prepare for this youy have to get

people to meet on a regular basis. You have to invol;e all
relevant categories of personnel -- engineers, management,
technicians, foremen and opératives. It is essential that
operatives, and not just manaéement, 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 preparatory organizational changes

k4
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not undertaken, but the machine tool seléction and
application had been faulty. The machines acquired 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 it.

All 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 f;st movements and heavy cutting capacities pf
NC machines so they drasticél}y reduce all feeds and speeds"
to the levels of conventional machine tools.” The second
problem was that with shopfloor progamming product
inspection_is‘ﬁtill a necessity. "“If you have programme
integrity"%heré-the programme is the reésponsibility of the
design éroup, the programming.group, and the shopfloor
foreman, there is absolutely no major alteration without all
of these people’s knowledge. This makes it possible to‘
eliminate product inspection because the programme is

ensured, the machine tool specifications are known and

maintained, so that once the‘programme is proofed you know

8
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what the output will be."” He further argued that because of

the uninformed way in which NC was adopted no one got

adequate training in parts programming. Consequently £he
operators. programmes consisted of “...far too many
analogues of a conventional machlnlst S actlon and very
ll@%le creative use of programming to compress machining -
sequences. '

Despite all of these 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 machines, and in the
case of the NC mifﬁ, machining was significantly.more
accurate than its conventional counterpart. Consequéntly,
when a Manufacturing Department audit recently showed that
53% of the plané's machinery was in very poor condition with
over 10% maintenance down time,;the report concluded that a
programme of replacement with NC equipment be undertaken.
According to my informan£, however, no references were made .
to work rescheduling, shop layout, support structure,
maintenance, traininé, etc. —— all®the factors he maintained
were reduiredﬂfo£<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 proﬂable,that he presented a maximizing efficiency model
of technological use, whereas -most inéﬁstrial managers have
to operate in a satisficing fashion. 1In 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 may have:
magnified some inefficiencies in the use of its NC
equipment. Certainly the increases in overhead costs
associated with NC use contributed to an already precarious
financial position. However, this is not the same as
holding that the only efficient use of NC in these
clrcumstances would be a maximally efficient application
involving wholesale reorganisation of the plant's
operations.

In contrast tq thejéonstrained rationality of
technological adoption characteristic of most of our sample
I did find one case of exceptionally systematic planning
operating inrthe‘course of adoption and utilisation of NC
machipe tools. The firm, a large steel manufacturer
introduced NC into its machine shop at its largest mill and

refining complex. The machine shop fabricates replacement
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parts for rgfinefy and mill machings{/repairs worn parts,

and makes speg}al equipment fog/fhe entire complex and its

branches.‘ In the words gf its general foremanz "qu.machine

sﬁop operates as a custom job shop with the rest of‘ghe

plant being its captive market.” The jobs involved A;e

extremely dive¥se, ranging from single items to several 1

hundreds of items such as bolts, §leeves, collars apd other L\_

bearing parts for rollers and other rotating parts of mill

machinery. These jobs also involve a wide variety of

@gterials’éuch as the various cast irons, steels, stainless

steels and brass in diverse structural forms including

‘plates and sheets, square, round énd octagonal rods, girders Y

of various sections,‘éastings and forgings. \
Numerical control technology was lpoked into in the late

1960s 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 steé1>production. Consequently an )

increasingap;oportion of shop work was being subéﬁntracted

to outside shops. In addition, shop related labour costs (f

were increasing more than anywhere else in the plant

(according to the planning and development manager). The

late 1960s was a period of generally high activity in the

-
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enginee?ing and metalworking industries, consequently
experienced shop workgrs were scarce and commanding premium
wages., As a result it was both difficult and expensive to
expand the productive 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
mgnﬁgily and in—house, and it was easy to learn so we got
the drill doing jobs fast." \ |

Despite the fact that the dfill‘was installed after a
strike and that there was considerable uncertainty on the
part of both union and management over -job description and
the appropriate skill level of the NCﬂoperator} the
installation reportedly involved little labour—-management
friction. Probably this was largely due to tﬁe use of NC
technology to briné more work into the machine and
fabrication shops, so theré was no sense that anyone would

lose their job. Moreover, management was unsure whether NC
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would work, so they were not committed to any particular

mode of application. Both management and the union agreed

that manning NC tools should be the work of skilled

machinists. Howevef, programming was defined as a sfaff : <
function, “since we felt it would control prod%FFivity of
the drill, so we put a lot of effort into recruiting and
training prog;ammers 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
operatioﬁs as areas where NC tools could prove productiver
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
pexrform, its progf%mming was far more complex than that of .
the drill. “To programme a simple bolt took a week to ten
days to get a few hours of machining to turn out a yéar”s

supply. So while an NC machine had the productivity of four
D

\

conventional machines in machining, their overall

productivity adding in programming time wasn’t enough to

223



C

N

.Jjustify the greater expense of NC unless we could-find a

faster system of programming.” The'company then sough£ for
an alternativp to manual programming which could be learned
relatively easily without a full programming background
since itsﬁprogrammers were recruited from the shopfloor.

The COMPAC II system, then a ;eéder in the fielé o}
engineering programming languages which simplified the
extremely complex aerospace NC languagés, was adopted. Like
many other companies using this system bef@re the arrival of
the microcomputer, it involved a éime sharing arranéemenm
with the programme mahufacturer’s mainframe in the United
States. This solved theebottleneck in programming but after
a year the costs of time sharing became .apparent. These
included "very heavy teélephone costs, problems with line
noise*which increased progfammg errors and then required
further telephone programming to straightén out.” The
discovery of these rising costs coincided with the decision
to replace an aging lathe with an NC chqcker (20) ., Inrfgct
three chuckers were installed - two for production and one
spare -.and their increased demandg on programming “sent our
programming costé through the roof.” "In response to these

problems with time sharing we acquired our own computer and

brought the entire operation in house. We continued with

T
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the same software because we were satisfied with our

“

.. experience with the original sofiware choice and since we

- @

were familiar with it we did not lose time learning new

gy

software at the same time as 'learning the éébabilities of

'
.

our computer. "
Two furtherxr NC aéquiéitiéns are illustrative of this
firm's approach. "By 1574 we needed to increase our boring
capacity parallel to our turning improvement because there
was another increase in the macﬁiné shop’'s workload and
boring jobs had to be subcontracted.o As before we wanted to
bring these jobs back in house, so we bought ; four and a
half axis Giddings and Lewis Eoring mili. Around about the
same time we'found that the machine shop couldn't feéd
material fast enbugh to the NC machines and that certain

operations in pérticular were slowing things down. We found

that Fonventional boring of large holes (more than five

“ ' S
inches in diameter) was slow on a boring machine and took up

a lot of machine time which‘is expensive enough on
conventioral machinery and bout 50% more so oﬁ NC machines.
our fapricating Shop suggested burning large holes, but when
we tried this we found it s;ill Foo slow becausg of the

conventional maghinery used‘?y the fab;icating people at the

.

i

time. So we bought, in an Né\flamﬁ’cutter and, using NC

'



programming techniques, its six torches increased the
accuracy and productivity .more than eightfold.”
_ The adoption and utilisation of N€ .in this company,

thep, was marked by systematic focus upon bottlenecks and
area$ of high cost problems within its plant. Increasing
demands for the company’'s products had disclosed bottlenecks
which were-not easily overcome by traditional methods of
combining an increased labour force with conventional
machinery. It was felt that increased subcontracting
involved lack of control over costs and production
schedules, so alternative soclutions were sought (21). After
a cautious trial involving the simpiest possible equipment
to solve a gpecific boétleneck problem, NC tools were
introduced in very specific locations where similar problems
emerged. The intf%duction of NC machines produced
consequences which led management to expand their use. In
some cases the experience with NC tools such as the drill
suggested other-ways inﬁwhich the technology could be

pplied. Ip other cases'the use of NC tools produced
imbalances in scheduling or unexpected bottlenecks and costs

§ .
which require further tooling innovations or, as in the case

of manual and then time—gbd;;;;\;;ZBFamming, 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 development
of nineteenth century manufacturing organization and
technologies.) Programming support was also developed
systematically to maximise the use of the company’ s own

shopfloor skills, and in house computer programming was

developed once the NC operations render time sharing costs
o ﬁ,;f""\‘
signifjcant. ) “

A similarly systematic approach towards maintenance was
also indicat(;d. "Maintenance problems are significant
Numerical control machines are expensive to maintain and
they add electronics vulnerability to the normal mechanical
problems. Our solution was to develop a complete 1n house
maintenance group to minimise downtime. We did this because
we thought our maintenance problems might be greater becausc
we are not a production shop but a repair and adjunct shop
for our own plant. In a production shop machines tend to be
cycled out and replaced on a regular basis, ours are not.”

The status of the machine and fabrication shops as
support units to the steel plant and the possibly longer
time NC machines would be used befo;e being scrapped, led
the shop foreman and the senior planner to speculate that
their utilisation of nc was obsolete in comparison with

other branches of engineering and particularly with respect
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to current computer fechnology and programming. However,
they argued that in its strictly machining aspects their use
of NC technology was current and is continually monitored.
For example,'ceramic cutting tools are being tried on
particul;rly tough and recalcitrant materials to réduce the
gxpensive repair and main