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Abstract

Automation - the alliance of a series of advances in manufacturing technology with the
academic discipline of cybernetics - was the centre of both popular and technical
debate for a number of years in the mid-1950s. Alarmists predicted social disruption,
economic hardship, and a massive de-skilling of the workforce; while technological
positivists saw automation as an enabling technology that would introduce a new age
of prosperity. At the same time as this debate was taking place, increasingly
sophusticated control technologies based on digital electronics and the principle of
feedback control were being developed and applied to industrial manufacturing
systems. This thesis examines two stages in the evolution of process control
technology: the numerical control of machine tools; and the development of the small
computer, or minicomputer. In each case two key themes are explored: the notion of
industrial failure; and the role of new technologies in Britain’s industrial decline.

In Britain, four projects were undertaken to develop point-to-point or
continuous path automatic controllers for machine tools in the mid-1950s - three by
electronics firms and one by a traditional machine tool manufacturer. However,
although automation was dominating popular debate at the time, the anticipated
market for numerically controlled systems failed to appear, and all of the early projects
were abandoned. It 1s argued that while the electronics firms naively misdirected their
limited marketing capabilities, the root of the problem was the traditional machine tool
manutacturers’ conservatism and their failure to embrace the new technology.

A decade later, small computers based on new semiconductor technologies had
emerged 1n the United States. Originally developed for roles in industrial automation,
they soon began to compete at the low end of the mainframe computer market. Soon
afterwards a number of British firms - electronic goods manutacturers, entrepreneurial
start-ups, and even office machinery suppliers - began to develop minicomputers. The
Wilson government saw computers as a central element of industrial modernisation,
and thus a part of its solution to Britain’s economic decline, so the Ministry of
Technology was charged with the promotion of the British minicomputer industry.
However, US-built systems proved more competitive, and by the mud-1970s they had
come to dominate the market, with the few remaining British firms relegated as niche
players. It is argued that government mvolvement i the minicomputer industry was

ineffectual, and that the minicomputer manufacturers’ organisational cultures played a

major role in the failure of the British industry.
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Chapter 1 - Introduction

Overview

In the early 1950s Britain had a world lead in the emerging technology of automation,
built largely on successes such as the first automated motor engine production line, the
first operational stored program computer, and the first “automatic factory”. Since the
late 1940s automation had been a key research area for most large electrical equipment
manufacturers in Britain. However, by the 1960s Britain had become a net importer of

automation technology, and all of the world’s significant international manufacturers
were US firms. But, when the minicomputer was conceived in the early 1960s it
looked as though once again British firms had a chance to enter at the forefront of a
new automation-related market. Nevertheless, within a decade the world market was

again dominated by US firms and the British innovators were nowhere to be seen.

Thesis Outline

My thesis follows a recent trend in British history of computing PhD theses to examine
broad themes rather than individual cases. For example: Mary Croarken’s Early
Scientific Computing in Britain examines the role of L. J. Comrie in the mid-20th
century establishment of British “computing centres”, following on from Douglas
Hartree’s work m the 1930s on the development of Differential Analysers; Anthony
Gandy’s The Entry of Established Electronics Companies into the Early Computer
Industry in the UK and USA examines the technical directions and the changes in
organisational structures of various electronics companies as they became involved 1n
the manufacture of mainframe computers in the 1950s; and finally James Small’s The
Analogue Alternative investigates the shift of emphasis from analogue to digital

technologies in the development of computers around World War 1I.! There are two

| Mary Croarken, Early Scientific Computing in Britain, Clarendon, Oxtord,
1990; Anthony Gandy, The Entry of Established Electronics Companies into the Larly
Computer Industry in the UK and USA, (PhD Thesis), LSE, 1992; and James 5. Small,

The Analogue Alternative: A Socio-Economic History of the Electronic Analogue



key themes to my thesis: the notion of failure, and the position of the thesis within the
genre of “failure studies”; and the role of control technology and its development in
Britain’s industrial decline. Both themes are investigated with particular regard to the

influence of social factors on the direction of technological development.

Many British texts in the history of computing have been labelled failure
studies, and it is a term that tends to be somewhat stigmatising. However it is a
mistake to assume that industrial or commercial failures are clouds without any silver
linings. Typically, the notion of failure is derived through the application of a simplistic
definition of success: a domestic industry is only considered a success if it is a major
player in the global market. However, in the case of high technology industries it is
wrong to apply such a simplistic definition because it is clear that the widespread
adoption of new technologies can in many cases be more important than its local
manufacture. A particularly strong example is the case of computer technology,
because an environment in which many companies are actively investigating and using
new computer systems 1s of far greater significance than the fact that the computers are
manufactured locally. Automation is another example of a technology that does not
have to be manufactured locally for it to be regarded as a success. Computers and
automation are enabling technologies, and so their benefits to the end users must be
taken mto consideration before an industry can be labelled a failure.

Britain’s industrial decline, and in particular the “British problem” - the
perceived failure to translate scientific discovery into product innovation - is the
second theme of this thesis. Successive governments saw both industrial automation
and the use of computers by small businesses as a means for countering Britain’s

relative economic decline.? A strong interest was shown in promoting the adoption of

Computer in Britain and the USA, 1930-1975, (PhD Thesis), University of

Manchester, 1994.
2 See B. Collins and K. Robbins, British Culture and Economic Decline,

Weidenfeld and Nicolson, London, 1990; B. Elbaum and W. Lazonick (eds.), The
Decline of the British Economy, Clarendon, Oxford, 1987; Michael Dintentass, The

Decline of Industrial Britain, 1870-1980, Routledge, London, 1982; and M. Wiener,
English Culture and the Decline of the Industrial Spirit, 1850-1980, Cambridge

University Press, 1983.



the new technologies, both by Industry and government. In chapters 3 and 5 the

question 1s raised: Did the British governments handle the issues of industrial

automation and the promotion of computing appropriately; and if not, what mistakes
were made, and why?

T'he presentation and content of the thesis has been strongly influenced by the
post-Kuhnian school of social constructivism. As well as considering the development
ot the control industry’s supply-side, or technical and business direction, its demand-
side and social environment are also taken into account.3 In each case study described
In this dissertation a number of principal social factors are taken into consideration.
which include: the motivation behind the manufacturers’ corporate and technical
strategies; the demands placed upon the manufacturers by their customers: and the
influences of government policy in both supply-side and demand-side measures.

There are four principal chapters to the thesis. Chapter 2 serves to introduce
the technological and mathematical concepts of feedback control systems, and to give
some historical background to the notion of the “automatic factory” as it was
perceived 1n the early 1950s. Then in chapter 3 the furore that surrounded the
establishment of automation as a topic of general debate is investigated. In chapter 4
one of the earliest applications of digital control technology - the numerical control of
machine tools - 1s described. Chapter 5 continues to follow the theme of development
in control technology by looking at the early 1960s general-purpose devices and the

creation of the minicomputer. Three of these (chapters 3, 4, and 5) are based primarily

on original research.

Chapter 2 - From Feedback Control to Automatic Factories

Betore digital control technology was developed in the mid-twentieth century most
industrial process control was achieved by analogue mechanical or electro-mechanical
systems. In chapter 2 the origins of the modern concept of industrial automation are

examined, beginning with the principle ot “closed-loop teedback control” - systems

3 See particularly Donald MacKenzie, Knowing Machines: Essays on
Technical Change, MIT Press, 1996; and Wiebe Byker, Thomas Hughes and Trevor

Pinch, The Social Construction of Technological Systems: New Directions in the

Sociology and History of Technology, MIT Press, 1987.
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that operate independently of human intervention (closed-loop), and in such a manner
that any variation between the system’s operating parameters and their desired values

results in a corrective force being applied by some means (feedback control). There
follows an explanation of the key elements of a control system - effectors, sensors, and
comparators - along with a brief description of their origins and typical technologies.

The chapter continues with an examination of the influence of academic
developments in the mathematics of control systems, which resulted in the genesis ot
the automation concept after World War II. In particular, during the late 1940s
mathematicians such as Nyquist, von Neumann, Shannon, and Wiener formulated a
general “control theory”, which became known as “cybernetics”, and which established
automation as a distinct engineering discipline.* Furthermore, by showing that in a
generalised model of a system employing feedback control there was always a potential
to enter into a hazardous oscillatory state of increasing magnitude, the mathematicians
effectively generated a requirement that future industrial cybernetic systems be
examined analytically before they could be trusted in safety-critical applications.

The automation concept developed on the one hand from its academic roots 1n
cybernetics, and on the other from a series of advances in manufacturing technology.
Two seminal British manufacturing systems are examined: the transfer machine built
for Morris Motors in 1923, and John Sargrove’s 1948 Electronic Circuit Making
Equipment (ECME). Although these developments were separated by twenty-five
years, their influences were similar and significant. Both systems were hailed as
“automatic factories” in the press, and both were ultimately deemed failures, being too
ambitious for their time. Most significantly, both were also widely reported in the later
British and United States’ automation literature which played a major role mn the

“automation hysteria” of the 1950s, the subject of chapter 3.

kil e A—— e ———— i

4 The term “Cybernetics” was based on the Greek word for “steersman’,
implying some kind of controller, and was coined by Norbert Wiener in his 1948 book

of the same name. (Norbert Wiener, Cybernetics: Control and Communication in the

Animal and the Machine, MIT Press, 19438).
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Chapter 3 - The Automation Hysteria

Wiener’s technical warnings were accompanied with dire predictions of social
disturbance, and these laid the foundations for a period of automation hysteria in the
mid-1950s. Alarmists predicted social disruption, economic hardship, and a massive
de-skilling of the workforce as a result of automation, while technological positivists
saw automation as an enabling technology that would usher in a new age of plenty. In
the United States, the books of Norbert Wiener and John Diebold are exemplars of the
opposite sides of the debate, as alarmists and positivists respectively, but I argue that
the debate 1n Britain was more concerned with the short-term effects of automation.
The direction of technological development in the United States was strongly
influenced by Cold War fears, but in Britain a perceived need to increase both domestic
and 1nternational competitiveness - in order to combat Britain’s economic decline -
was more significant. In Britain, by publishing both the alarmists’ claims that British
industry would fall behind its competitors unless i1t embraced automation, and the
positivists’ claims that automation would lead to massively increased productivity —
opposite sides of the same coin - the press encouraged industrialists to invest 1n
modernisation. The most notable result was that a number of forward-looking
electronics firms that were already involved in the development of automation
technologies geared up for an anticipated surge in demand for general-purpose
automatic control equipment.

Meanwhile, institutional interest in automation was growing in line with the
amount of media attention the subject was attracting. The established engineering
institutions struggled to integrate the new field into therr organisational structures,
while recently created interest groups tried to jump onto the bandwagon by forming
completely new institutions. Typically, the existing institutions urged conservative,
reflective analysis of the subject, and attempted to counter the subjective and
uninformed debate that was dominating the popular media. They argued that because
the alarmist predictions had no basis in hard data it was essential to commussion further
systematic case studies on the impact of automation. Meanwhile, many new journals
were launched to address the new field, while others that were dedicated to related
disciplines increased their coverage of automation issues. A few significant conferences

were held to discuss the implications of automation and were widely reported 1n the



popular press. By the late 1950s each of these measures, combined with the
recognition that the alarmist predictions clearly were not being met, resulted in the

dissipation of the automation hysteria.

Nevertheless, politically, automation remained a hot potato. With such a broad
spectrum ot opinions on its likely impact, it was difficult for any of the parties to find a
single tenable standpoint on the subject. Even the trades unions could find no broadly
detensible position - they were faced with the quandary that automation was essential
to protect some of their members’ interests, while it might ultimately prejudice the
interests of others. In practice, throughout the 1950s political decisions were deferred
while the political parties launched internal investigations and waited for the results of

the reports which had been commissioned by bodies such as the Department of

Scientific and Industrial Research (DSIR), the Board of Trade (BoT), and the

European Productivity Agency (EPA). However, even when the results were
forthcoming they were often contradictory. The chapter concludes by examning the
controversy that erupted over the attempted cover-up of a European Productivity

Agency report.

Chapter 4 - The Road to Numerical Control

While the automation debates had been raging in the popular media and political arenas
in the mid 1950s, several UK and US electronics firms had been working on entirely
new production technologies based on digital electronics and the principle of feedback
control. There were many factors behind the companies’ decisions to develop these
new technologies, and the individual significance of each factor is hard to extract from
the historical record. Several US scholars have examined the subject in the context of a
Marxist class struggle between management and the workforce, and have concluded
that the new technologies were encouraged as a means for management to appropriate
control that was traditionally manifested at the shopfloor. However, within the context
of the automation hysteria, particularly with regard to competitiveness fears, the
impact of contemporary economic arguments on the direction of technological
development seems to have been largely overlooked. The electronics firms could
readily rationalise their decision to continue development of the new technolog

without recourse to control arguments. Furthermore, the US story, with its roots mn

military development - particularly the work on the APT tool control language
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Sponsored by the USAF - is markedly different from what happened in Britain. The

differences are explored, and crucial questions are raised regarding the validity of the

Marxist control thesis.

Four principal research projects in the automatic control of machine tools were
undertaken in Britain in the mid-1950s. Three of the projects were conceived and
developed by electronics/engineering firms (Ferranti, British Thomson Houston, and
Electrical and Musical Industries). The fourth was by a conventional machine tool
manufacturer (Alfred Herbert). Each system used a different and unique technology.
but they were all applicable to similar application areas, so we are afforded the
opportunity to distinguish some of the critical factors in their successes or failures.
Also, by comparing the efforts of the electronics companies and the machine tool
manufacturer, some conclusions about how organisational cultures and capabilities
affected technological developments can be derived. In particular, it is concluded that
the machine tool manufacturer could be criticised for its conservatism, while the
electronics firms appear to have misdirected their limited marketing capabilities.

The anticipated market for N/C systems failed to develop, and the result was
that the electronics firms could not recoup their investment on the control technologies
as quickly as they had anticipated. By the mid-1960s it was apparent that although the
market was emerging, its growth was a great deal slower than had been predicted
during the automation hysteria. Nearly a decade after the first development costs had
been incurred and the type of control technology decided, the electronics firms were
yet to show a profit on their work. The chapter ends with an examination of the
reasons for the limited size and unexpectedly slow growth of the actual market. The
conclusion 1s that the unrealistic early predictions had been poor estimates based on
inappropriate statistics — it was not until the mid-1960s that there were accurate
figures which separated automated machine tool sales from conventional sales on an
industry-wide basis. Furthemore, it is argued that although the slow growth was partly
due to managerial conservatism, it was more significantly due to the failure of the
conventional machine tool manufacturers to introduce automated systems quickly

enough to meet the early demand from companies that were mnterested mn investigating

the new technology.



Chapter 5 - The Minicomputer Industry

In Britain and the United States in the late 1950s process control equipment
manufacturers found that the development costs of new systems - which were
traditionally developed from a clean slate - were becoming prohibitively high. Their
solution was to create general-purpose, programmable controllers. These were
eftectively small computers, and became known as minicomputers. Although the first
minicomputers were developed for use in industrial automation, similar systems were
soon being aimed to compete - although only in small-scale application areas - with
mainframe computers. Because minicomputers, unlike mainframes, were not capital- or
resource-intensive, and did not require air-conditioned accommodation, or even full-
time technical staff, they appealed to a completely new market of potential users. The

minicomputer market expanded rapidly, and pushed US companies such as Digital

Equipment Corporation and Data General to the forefront.

Chapter 5 centres on case studies of a number of British firms that entered into
minicomputer manufacture in the 1960s. There were traditional electronic goods
manufacturers (Ferranti, Elliott Automation, GEC, and Plessey), who entered the
market through evolutionary advances of their existing process control technologies,
and there were entrepreneurial start-ups (Computer Technology Limited, Digico, and

Arcturus), who entered the market with the express goal of competing with the low-

end mainframe computer market.

Within the context of its “white heat” policies, the Wilson government saw
small computers as a central element of industrial modernisation and thus a part of the
solution to Britain’s economic decline. In the mud-1960s the Ministry of Technology
was formed and initially given twin objectives with respect to the computer industry: to
support industrial modernisation, and to promote the British small computer
manufacturers. However, the US-built minicomputers proved too competitive on price
alone, and by the mid-1970s they had come to dommate the industry, with the few
remaining British firms relegated to niche markets. The chapter concludes by
addressing a number of questions concerning the demise of the British minicomputer
industry: What were the significant differences between the UK and US operating

environments? Was the British manufacturers’ tendency to niche specialisation



appropriate, or inevitable? Was government policy responsible for the failure of the

British municomputer industry - indeed, was it actually a failure?

Position of the Thesis within the History of Computing

The history of information technology encompasses many fields, including computing.
telecommunications, and broadcast technologies. It is a subject that has been
Increasing in 1its richness and sophistication in line with an improved quality of and
access to source material. As Aspray has noted, the 1980s saw a dramatic rise of
interest i the history of computing, with a corresponding increase in the systematic
aggregation of historical artefacts, archives, and manuscripts. 5 Consequently there has
been a move away from technical and intellectual history to a broader field in which the
social and cultural contexts of the development of technologies are also being

considered. ©

History of computing literature can be broadly divided according to three types
of author. First, there are computing professionals, who typically write internalist
histories describing the development of a single project, or of a company with which
they were involved, with the authority of a first-person account and a grasp of the
technological issues which is often absent in histories written by non-technologists.
Second, there are journalists, who typically write with the goal of entertainment and
the popular dissemination of a story, often with some kind of implied moral. And third,
there are the historians of technology and science, who are characterised by their more
rigorous and holistic approach to scholarship, but which is often at the cost of
accessibility to the layperson.

For various (mainly demographic) reasons, the history of computing has been
dominated by English-language accounts. Aspray has suggested that there 1s a
perceivable difference between European and US scholarship, which he attributes to

European scholars making a greater effort to examine the history of computing from

) William Aspray, “The History of Computing Within the History of
Information Technology”, in History and Technology, Vol. 11, 1994, pp. 7-19.

6 See also Michael Mahoney, “The History of Computing in the History ot
Technology”, in Annals of the History of Computing, Vol. 10, No. 2, 1988, pp. 113-

125.




the social perspective that became fashionable in European history of science and
technology during the late-1980s. However, what Aspray does not comment on is

another significant difference between the two regional collections of scholarly work -

the European studies tend to have a very different emphasis. In the United States
historians have concentrated on success stories - for example, how Silicon Valley
became the world centre for semiconductor development, how IBM came to dominate
the world mainframe market, how DEC became the dominant minicomputer
manufacturer, and how Microsoft came to dominate the microcomputer software
industry. On the other hand, European scholars have been forced by circumstance to
Investigate the opposite - failure studies. Typical themes include: Why did “national
champion™ policies fail to establish viable domestic industries? Were US companies
able to take the lead in the development of electronics technology because of endemic

managerial conservatism in Europe? Why did early European technological

breakthroughs fail to spawn successful industries? Were government policies

responsible for lost opportunities, or was the European domestic market simply never

large enough to sustain an independent world-class industry?

The European writers are divided into the same three types - computing
professionals, journalists, and historians of science and technology - but their
preoccupation with failure studies i1s marked, although unsurprising. For example,
looking at journalistic works, on the United States’ side we ftind books such as Ritkin
and Harrar’s The Ultimate Entrepreneur, which details the rise of DEC and its
patriarchal founder Ken Olsen.” DEC’s is an archetypal success story - the company
- was founded by a few Massachusetts engineers in 1957 with just $70,000 in venture
capital funding from American R&D (ARD). By the mid-1980s it had become the
second largest computer company in the world (behind IBM). Rifkin and Harrar’s
account is typically journalistic - largely based on hearsay and quite probably
apocryphal stories, its background information was predominantly gathered by
interviewing (often anonymously) an arbitrary group of senior DEC staff, most of
whom had worked for the company since the 1960s. Ritkin and Harrar rarely

attributed their sources, and clearly had an overt agenda to portray Olsen as an

_ﬁ_

/ Glen Rifkin and George Harrar, The Ultimate Entrepreneur: The Story of

Ken Olsen and Digital Equipment Corporation, Contemporary Books, London, 1988.
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anachronistic manager who was no longer capable of running a company which dealt in
modern technologies that he did not understand, but who was unwilling to relinquish
control of his creation. Nevertheless, although their analysis is shallow from both a
technical and historical perspective, Rifkin and Harrar have followed the journalistic
tradition of bringing to life the personalities behind the development of a major
company. The result is that even though the book may not be intellectually demanding,
it has an aspect of emotional engagement that is unfortunately often missing from

academic scholarship.

Other prime examples of US journalism include: Tracy Kidder’s award-winning
The Soul of a New Machine, which i1s a fly-on-the-wall account of a year spent by
Kidder working alongside a Data General team while they developed a new
minicomputer, the first 32-bit system based exclusively on silicon chip technology, and
intended to be a direct competitor to DEC’s PDP-11; Wallace and Erickson’s Hard
Drive, which charts the rise of Bill Gates’ Microsoft “empire”, and its eventual
domination of the world microcomputer software industry; and even David Shetf’s
Game Over, which although it is the description of a Japanese company (Nintendo), 1s
predominantly concerned with its subsidiary Nintendo of America’s marketing success
in the United States.®

On the other hand, the European journalists have no success stories - at least
on a global scale - to relate from the material at hand and so they inevitably write on
the failures of domestic would-be global players. A typical British example 1s Rodney
Dale’s The Sinclair Story, which tells the story of Sir Clive Sinclair’s rise from
hobbyist electronics supplier to number one manufacturer of home microcomputers in
Britain during the early 1980s (Sinclair Research), and the company's subsequent

failure as it haemorrhaged funds into the misjudged development of a small business

: Tracy Kidder, The Soul of a New Machine, Little, Brown, Boston, 1981;
Tames Wallace and Jim Erickson, Hard Drive: Bill Gates and the Making of the
Microsoft Empire, John Wiley and Sons, New York, 1993; and David Shett, Game
Over- How Nintendo Zapped an American Industry, Captured Your Dollars, and
Enslaved Your Children, Random House, New York, 1993. There are many others,

but these are good representative examples.
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computer (the QL). Other similar domestic stories include Tom Lloyd’s paper, "“Dr.

Hermann Hauser, Chris Curry, and Acorn Computers” (which, incidentally tells the
opposite side to Dale’s Sinclair Story, detailing the controversial choice by the BBC to
lend its name and support to Acorn rather than Sinclair), and John Harvey-Jones and
Anthea Masey’s “Apricot Computers”, which describes the situation that faced
management consultant Harvey-Jones when he was invited to advise the ailing Apricot
Computers as part of a BBC documentary programme.!0 A final example is John
Kavanagh’s Aliens’ Guide to the Computer Industry, which gives a fast-paced, but
often superficial overview of the British industry within the world-wide context, and
examunes the principal issues that are regularly raised in this country: Why has ICL
been unable to compete successfully with IBM in the mainframe industry? Are British

businessmen doing their companies a disservice by buying British? (And notably, in the

context of my thesis, “Who the hell are CTL?”)!!

The European concentration on failure studies is not restricted to journalism.
Comparing US with European academic scholarship we see the same pattern.
Representative US academic texts on the history of computing include Kenneth
Flamm’s two books, Creating the Computer, and Targeting the Computer, and Steven
Usselman’s paper “Fostering a Capacity for Compromise”, all three of which examine
the growth of the mainframe industry in the United States with respect to government

policies, particularly defence and special projects funding.!? Even though during the

) Rodney Dale, The Sinclair Story, Duckworth, London, 1985. See also Ian

Adamson and Richard Kennedy, Sinclair and the Sunrise Technology, Penguin,

[.ondon, 1986.

10 Tom Lloyd, “Dr. Hermann Hauser, Chris Curry, and Acorn Computers”, in
Tom Lloyd, Dinosaur and Co.: Studies in Corporate Evolution, Routledge and Kegan
Paul, London, 1984; and John Harvey-Jones and Anthea Massey, “Apricot
Computers”, in Troubleshooter, BBC Books, London, 1990.

H John Kavanagh, Aliens’ Guide to the Computer Industry, Reed Business
Publishing, L.ondon, 1933.

12 Kenneth Flamm, Creating the Computer: Government, Industry, and High
Technology, The Brookings Institution, Washington, DC, 1987; Kenneth Flamm,

Targeting the Computer: Government Support and International Competition, The

12



period covered by Flamm the industry leadership changed hands several times. it
always moved from one US company to another, and the principal story is one of a
national success. Flamm highlights two policy failures outside of the United States: the
national champions model which dominated European governments’ policies, and the
deliberate fostering of a Co-operative research environment, as favoured by the
Japanese Ministry of Trade and Industry (MITI), both of which failed to achieve their
desired catch-up with the US leaders.

Other prime examples include Richard Langlois’ paper “External Economies
and Economic Progress: The Case of the Microcomputer Industry”’, and Annalee
Saxenian’s Regional Advantage: Culture and Competition in Silicon Valley and Route
128, which both describe trends in technological development that resulted in a very
localised industry infrastructure, ensuring that the United States would remain the
centre of innovation even though individual companies might come and go.!? Other US
scholarship centres on specific case studies, in which the development of single
organisations or products is considered, rather than the industry as a whole, but the
success-story theme remains. For example, Gerald Brock’s The US Computer
Industry: A Study of Market Power and Steven Usselman’s paper “IBM and its
[mitators” describe how, through economies of scale, customer lock-in, and sheer
marketing muscle, IBM and DEC managed to develop markets with prohibitive
barriers to entry, while the United States’ antitrust legislators were afraid to attack the

monopolies for fear of destroying the United States’ competitive advantage In

computer technology.'4

Brookings Institution, Washington, DC, 1987; and Steven W. Usselman, “Fostering a
Capacity for Compromise: Business, Government, and the Stages of Innovation 1n

American Computing”, in Annals of the History of Computing, Vol. 18, No. 2, 1996,
pp. 30-39.

13 Richard N. Langlois, “External Economies and Economic Progress: The Case
of the Microcomputer Industry”, in Business History Keview, Vol. 66, Spring 1992,
pp. 1-50; and Annal.ee Saxenian, Regional Advantage: Culture and Competition in
Silicon Valley and Route 128, Harvard University Press, 1994

14 Gerald W. Brock, The US Computer Industry: A Study of Market Power.
Ballinger, Cambridge, MA, 1975; and Steven W. Usselman, “IBM and 1ts Imitators:
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By contrast, British scholars have looked for the reasons behind commercial
failures. Taking the example of wide area analyses, we see John Hendry’s Innovating
for Failure, which complements Jill Hills’ earlier Information Technology and
Industrial Policy in asking whether government policy, particularly with respect to the
role of the National Research and Development Corporation (NRDC), was to blame
for the poor performance of the early British mainframe industry.!s Similarly, Brian
Oakley and Kenneth Owen, and Tim Kelly have investigated the theme, looking at the
Alvey 1nitiative of the early 1980s and the role of the National Enterprise Board (NEB)
through the 1970s and 1980s in Alvey: Britain’s Strategic Computing Initiative, and
The British Computer Industry: Crisis and Development respectively. In Technical
Diffusion and the Computer Revolution, Paul Stoneman used economic models in an
attempt to pmpoint the mechanisms which enabled IBM to succeed against ICL in the
British market, and concluded that by keeping hardware rather than software as the
principal technological goal the large US manufacturers were able to maintain a barrier
to entry which not only prevented new companies from competing on equal terms, but
also forced existing competitors to fund massive R&D programmes just to keep up.!©

Looking at the British scholarship of specific case studies the common theme
remains clear. Martin Campbell-Kelly’s ICL: A Business and Technical History tells
the history of Britain’s flagship mainframe manufacturer, and 1ts government-
encouraged creation through the merger of numerous office machine, electronics, and
computer manufacturers in the late 1960s. Campbell-Kelly examines 1CL’s role as a
national champion, its decision to compete head-on with IBM, and the impact of “Buy

British” procurement policies, and asks if it was inevitable that it would be steam-

Organisational Capabilities and the Emergence of the International Computer
Industry”, in Business and Economic History, Vol. 22, No. 2, Winter 1993.

15 John Hendry, Innovating for Failure: Government Policy and the Early
British Computer Industry, MIT Press, 1989; and Jill Hills, Information Technology
and Industrial Policy, Croom Helm, London, 1984.

16 Paul Stoneman, Technical Diffusion and the Computer Revolutions: The UK

Experience, Cambridge University Press, 1976.
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rollered by IBM.!7 Similarly, Mike McLean and Tom Rowland investigated the
creation of Inmos by ex-CTL founder lann Barron in The Inmos Saga: A Triumph of
National Enterprise? Inmos was a clearly atypical example of government intervention
In industry during the early 1980s laissez-faire Conservative government, and its story

highlights the continuing debate about whether any government can rely on “‘picking

winners’” rather than providing broad support for an industry. '8

Finally, and 1t is alongside these works that my thesis fits most comfortably.
both John Hendry and Geoffrey Tweedale have investigated specific examples of
products or companies which initially looked promising, but failed to live up to their
expectations, 1n their papers “The Teashop Computer Manufacturer”, and “Marketing

in the Second Industrial Revolution: A Case Study of the Ferranti Computer Group,
1949-63"" respectively.!?

R —
.

17 Martin Campbell-Kelly, ICL: A Business and Technical History, Clarendon,
Oxford, 1989.
18 Mick McLean and Tom Rowland, The Inmos Saga: A Triumph of National

Enterprise?, Frances Pinter, London, 1983.

19 John Hendry, “The Teashop Computer Manufacturer: J. Lyons, LEO, and the
Potential and Limits of High-Tech Diversification”, in Business History, Vol. 29, 1987,
pp. 73-102; and Geoffrey Tweedale, “Marketing in the Second Industrial Revolution:
A Case Study of the Ferranti Computer Group, 1949-63”, in Business History, Vol.

34. No. 1, Jan. 1992, pp. 96-127.
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A Note on Sources

My research has been based on published and near-published literature (see

bibliography), British periodicals and trade journals, archival sources, and interviews.

T'he principal trade journals examined (and dates covered) were as follows:

Automatica (1963-66)
Instruments in Industry (1954-56)
which became Automation (1957)
then Automation in Industry (1957-58)

then Instrument Review (1958-60)
Instrument Practice (1954-60)
Process Control (1954-55)
which became Process Control and Automation (1956-60)
Computer Surveys (1966-72)
Computer Journal (1972-75)
Computer Weekly (1970-75)
Computer Bulletin (1967-74)
Datamation (1959-75)
Data Processing (1968-75)

The principal archival sources were as tollows:

The Board of Trade papers at the Public Records Office, London.
The TUC archives at the Modern Records Centre, University of Warwick.
The Institution of Production Engineers papers held by the IEEE Archives

Department, Savoy Place, London.

The trade brochures and ephemera collection at the National Archive for the
History of Computing, Manchester University.

The British Newspaper Library at Colindale, London.

Where possible my research has been backed up by contact with key figures

who were active in the automation industry and/or the political sphere during the
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period under examination. Some of the participants have kindly offered advice by
correspondence, while others have been generous enough to grant me an interview.

These people were:

Prof. Karl Astrom (IFAC)

Lord Avebury (Eric Lubbock) (Digico)
Iann Barron (CTL)

Denis Best (Ferranti)

Dr Jeremy Bray, MP (Ministry of Technology)
Laurie Bental (Elliott Automation, GEC)
Prof. John Coales (IFAC)

Bob Finch (CTL)

Sir Godfrey Hounstield (EMI)

Dr Alexander King (DSIR, EPA, OECD)
Murray Laver (Ministry of Technology)
Sir Donald McCallum (Ferranti)

Alan Sutton (English Electric)
Sir Richard Young (Alfred Herbert Ltd.)
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Chapter 2 - From Feedback Control to Automatic Factories

Introduction

This chapter briefly outlines some of the most significant British developments in
control technology that preceded the invention of digital electronics, and considers the
origins of the concept of the so-called “automatic factory”. First there is an explanation
of closed-loop feedback control, which is the underlying principle in most automated
industrial processes. Next, the position of academic research within the development of

early 20th century control technology is considered, concluding with the argument that

the absence of a unified Control Theory held back the adoption of new control
technologies until mathematicians such as Wiener, Shannon and Nyquist had
developed general rules for the behaviour of dynamic control systems. Finally, there

follows an analysis of the impact of two seminal developments in automatic

manufacture, both ot which were labelled automatic factories, and were widely cited in

the automation literature of the 1950s.

Automation, Feedback and Closed-loop Control

Feedback control 1s the underlying concept of operation employed by post-1950s
automated control systems. As a result of its broad range of possible applications 1t 1s a
term that has been given a correspondingly large number of definitions. For the

purposes of this discussion I propose to use the one published by the American

Institution of Electrical Engineers in 1951:

A Feedback Control System 1s a control system which tends to maintain a
prescribed relationship of one system variable to another by comparing
functions of these variables and using the difference as a means of control.!

The AIEE definition is rather neat because it encapsulates a broad range of
applications of feedback, not just those in mechanical or electrical systems. While 1t
uses the mathematical terminology of “functions” and “differences” to distance itselt

from any particular application areas, the use of the terms “system variable” and

| AIEE, “Proposed Symbols and Terms for Feedback Control Systems™. in
Electrical Engineering, No. 70, 1951, pp. 905-909.
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“control” reinforce the notion that automation is a concept which principally applies to
physical systems. In fact, further examination of the definitions within the AIEE

glossary reveals a strong emphasis on the concepts described in Norbert Wiener's
Cyvernetics, which was published three years before the AIEE glossary.?

T'he abstract concept of feedback predates the first use of the word itself. An
Inconclusive search for the first written description of a feedback mechanism has
occupled a certain brand of scholars for many years. It is Interesting to note the wide
range of subjects that have conceptualised feedback - from engineering to sociology.
For example, Adam Smith’s Wealth of Nations was based on the concept of a closed
causal loop - which represented an economy with a system of free enterprise - within
which deviations from an optimal state would be inevitably corrected by supply and
demand, or in other words a system governed by a feedback mechanism.?> While the
original concept of feedback is notoriously difficult to pinpoint, the first use of the
word 1n the field of control technology has been unequivocally attributed by Bennett to
a series of technical reports published by Bell Telephone Laboratories in the 1920s, in
which 1t was used to describe systems whereby the output of an amplifying unit was
added to the input of the same unit, that is, fed back into the system.4

The “closed-loop” aspect of a closed-loop feedback control system implies that
the control system works independently of human intervention. However, some closed
loop systems incorporate feedback but should not be considered feedback-controlled
systems. One such example is the weir - as the water level above the weir begins to
rise, so the amount of water flowing over the weir increases. Accordingly, the water
level (under normal circumstances) never significantly exceeds the height of the weir. >

In order to exclude such variants from the set of teedback-controlled systems, Mayr

2 More on Wiener and Cybernetics follows in this chapter and in chapter 3.
3 For further details of Smith’s work 1n the context of the history of the
feedback concept see Otto Mayr, The Origins of Feedback Control, MIT Press, 1970,

p. 128.
4 Stuart Bennett, A History of Control Engineering, 1800-1930, Peter

Peregrinus Ltd., Exeter, 1979, p. 1.
S See Mayr, Origins of Feedback Control, tor the definitive pre-history of

feedback control systems.
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has provided a simple rule - a feedback-controlled system must contain distinct units

for sensing and comparing the system variables.® A good example ot an early feedback
controller which conforms to Mayr’s rule was a system applied to the control of a
steamship rudder by J. McFarlane Gray in 1866 (it was first installed in the S. S. Great
Eastern). ’ The controller performed a comparative operation, measuring the distance
between the actual position of the rudder and its desired position, as set by the ship's
pilot. The ditference between the control variable (the position set at the tiller) and the
system variable (the actual position of the rudder) was fed as input to a control unit
that attempted to adjust the rudder accordingly.

“Automation” 1S another term which has been given many different definitions,
and once again there 1s some controversy over its origins.8 While it is universally
attributed to Del Harder, a senior automobile industry executive in the mid-twentieth
century, the date of its first reported use varies from 1936 to 1947. Goodman claims
that according to correspondence with Harder the word was coined in 1936 when he
was a manager at General Motors, and that he had used 1t to denote “The automatic
handling of parts between production processes.”” However, Noble claims that Harder
coined the phrase early in 1947, while working at the Ford Motor Company, and notes
that by October 1948 the Ford Automation Department (of which Harder was the
head) was merely 18 months o0ld.!1® On the other hand, Bright claims that Harder
coined the phrase in late 1946 at an engineering conference where he was discussing
the layout and equipment plans for two new Ford engme plants. But Bright

corroborates at least part of Noble’s story when he notes that Ford’s Automation

0 Mayr, Origins of Feedback Control, p. 8.
/ Bennett, History of Control Engineering, p. 99.
8 For an interesting, although not comprehensive, overview of some of the

definitions of “automation” see Eugene M. Grabbe, “The Language of Automation”, 1n

Eugene M. Grabbe (ed.), Automation in Business and Industry, John Wiley and Sons,

New York, 1957, pp. 18-32.
’ L. Landon Goodman, Man and Automation, Penguin, London, 1957, p. 24.

10 David F. Noble, Forces of Production: A Social History of Industrial
Automation, Oxford University Press, 1984, p. 66.
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Department was formed in April 1947.11 Finally, Bennett claims that Harder coined the
phrase in 1946.12

Bright 1s the only scholar who also attempts to attribute the first publication of
the word, claiming that it first appeared in print in an article in American Machinist. by
Rupert Le Grand, “Ford Handles by Automation”. However, it would appear that what
Le Grand called automation - “the art of applying mechanical devices to manipulate
work pieces into and out of equipment, turn parts between operators, remove scrap.
and to perform these tasks in a timed sequence with the production equipment so that

the line can be put wholly or partially under pushbutton control at strategic stations™ '?

- 1s a kind of activity which today would be carried out by transfer machines, and thus

would probably be considered mechanisation rather than automation.

Effectors, Sensors and Comparators

While the actual technologies employed in automated control systems have changed
markedly, from analogue (predominantly) mechanical to digital electronic methods, the
basic principles of operation have remained fairly constant. A feedback control system
has three key elements: the effector, or output device; the sensor, or input device; and
the comparator, or control unit.

First we have the effector, a device that, when triggered, will exert a force of
some description - it may be physical, electrical, or magnetic, for example - which will
tend to reduce the deviation between a system variable and the control variable. The
most common type of effector is the servomotor, often referred to simply as the servo.

(Besides servos, other common eftectors include heater elements, solenoids, and

cutting tools).

H James R. Bright, “The Development of Automation”, in Melvin Kranzberg
and Carroll W. Pursell Jr. (eds.), Technology in Western Civilization, Vol. II, Oxtord
University Press, 1967, p. 635.

12 J. M. Bennett, “History and Definition - The Future”, in G. W. Ford (ed.),
Automation: Threat or Promise? Impact and Implications in Australia, Australian and
New Zealand Association for the Advancement of Science, 1969, p. 138.

13 Quoted in Bright, Development of Automation, p. 635.
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Figure 2.1 A Closed-Loop Feedback Control System

The name “servomotor” was coined by Joseph Farcot, whose 1872 text
described “Le Servo-moteur ou Moteur-Asservi’.!4 In fact, the servo is a general term
used to describe a family of devices whose basic principle as described by Farcot is:

Any motor at the absolute command of an operator, whose hand acts directly
or indirectly upon the control member of the motor, which moves so that the
two go, stop, proceed and reverse together, the motor following at every step
the operator’s finger, imitating like a slave its every gesture. !’

Obviously this 1s a rather loose definition, and it should be noted that the set of
devices called servos i1s a matter of some controversy — as I. A. Gettings wrote 1n
1945, “It 1s nearly as hard for the practitioners of the servo art to agree on a definition
of a servo as it i1s for a group of theologians to agree on sin.” !0

Servos were first developed for use in steamship rudder control because, while
a sailing ship has a high metacentric height, and thus requires little movement of the
rudder to effect steering, a steamship sits lower and more squarely 1n the water, so the
force required to control its rudder i1s much greater - more than a single person could
exert without mechanical assistance. Farcot devised a system whereby a controller on

the ship’s bridge was connected to a powerful motor that operated the rudder. By

14 English translation: the servo- or enslaved-motor.
15 Quoted in R. H. MacMillan, Automation: Friend or Foe?, Cambridge

University Press, 1956, p. 12 [the quote has been translated from Farcot’s original

French text by MacMillan].

16 Quoted in Bennett, History of Control Engineering, p. 96.
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transmutting the desired position as set by the controller on the ship’s bridge to the

motor on the rudder, the pilot was relieved of the physical effort.!”

Next we have sensors, which provide the mput to a feedback-controlled
system. A sensor converts a physical signal to an appropriate representation as a
system variable, perhaps a varying analogue voltage, a force or degree ot torque, or a
discrete digital representation. In fact, many sensor technologies were available long
before they were put to use in automation systems — for example, photoelectric cells
were only first used in control applications in the early twentieth century, even though
their principle (that the conductivity of selenium varies according to the amount light
falling on it) had been discovered mn 1873.

Finally, the comparator, or control unit is the heart of an automation system. It
evaluates the control and system variables in order to generate the control signals,
which are then transmitted to the effector. In the context of this thesis the comparator
is the electronic controller or minicomputer as described in chapters 4 and 5. The
addition of sensors and comparators to existing mechanised processes is the central
aspect of the development of automation. Broadly speaking, when a mechanised
process is given the capability to react in different ways to 1ts environment 1t becomes
an automated system. For example, looking at the field ot computer-controlled
machine tools (the subject of the following two chapters), the primary change that
occurred in machining techniques during the inter-war period was the addition of
automatic stops which enabled a lathe to be set to keep working until the tool had

reached a set point, and thus require less supervision. !¢

Nyquist, von Neumann, Shannon and Wiener: The Mathematical

Foundations of a General Control Theory.

By the 1940s control technology had become too complicated to be applied according

to rules of thumb and experience. There was an obvious void between practice and

Y #—#

7 For details on Farcot’s work see Bennett, History of Control Engineering,
pp. 99-101; and MacMillan, Automation: Friend or Foe 7, pp-10-11.
18 S. Lilley, Men, Machines, and History: The Story of Tools and Machines in

Relation to Social Progress, Lawrence and Wishart, London, 1965, p.158.
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theory. Automatic control systems were notoriously difficult to build because they
were prone to positive feedback — without proof of stability a system based on closed-
loop teedback control could not be trusted in safety-critical, or even economically
important, applications because there was a possibility that it could enter into a
dangerous oscillatory state. So, in 1932 when Harry Nyquist, a researcher at Bell
Telephone Laboratories, published an article on servomechanisms and stability criteria
in which he outlined a means for finding stable solutions to certain types of control
problem it was well received.!®

Following Nyquist’s research, Shannon’s work of 1949 developed the theory
further. Shannon claimed that his approach was based on earlier work by Boltzmann in
1894, who had observed in the field of physics that entropy was related to a notion of
“mssing information”, or the number of alternative states which remain open to a
physical system after all the macroscopically observable information concerning it has
been recorded. Shannon broadened the application of Boltzmann’s work by applying it
to the communication of information.?? He outlined three principal types of problem in
communications, which he labelled levels A, B, and C. Level A referred to technical
problems, or how accurately the symbols to be communicated could be transmitted. At
level B the problem was semantics, or how precisely the transmitted symbols could
convey a desired meaning. Finally, the level C problem was that of eftectiveness, that
1S, how effectively the received meaning would affect conduct in the desired way.
Shannon devised terminology and nomenclature to represent the three types of
problem, and proposed the basis of solutions to parts ot them.

Building on the work of Nyquist and Shannon was a group ot academics who
Heims calls the “cyberneticians”. 2! They met regularly in the United States 1n the late

1940s, and attempted to tie together what had been viewed as the disparate subjects of

1o See particularly Harold Chestnut, “Feedback Control Systems” in Grabbe,
Automation in Business and Industry, John Wiley and Sons, New York, 1957, pp. 41-
88 (esp. p. 48).

20 Claude Shannon and Warren Weaver, The Mathematical Theory of
Communication, University of Illinois Press, Urbana, 1949.

21 Steve Joshua Hewms, Constructing a Social Science for Postwar America:

The Cybernetics Group, 1946-1953, MIT Press, 1991.
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engineering and biology. Their approach was to throw out the traditional biological
notion that the actions of an entity were solely reactions to external stimuli, in favour
of a theory of goal-directed actions. In the new system, entities, whether biological or
mechanical, would seek to achieve goals, acting with a purpose, and their reactions
would depend on the evaluation of stimuli with respect to the goal.2: The
cyberneticians labelled this “circular causality”, which is equivalent to a system of
closed-loop teedback control. It was found that modelling circular causality required
the analysis of non-linear mathematics, whilst the simpler existing concept ot cause and
effect could be modelled linearly. Norbert Wiener provided a mathematical basis for
the cyberneticians’ model. While Shannon had been more concerned with the theory ot
communication in engineering applications, Wiener’s model was more generalised,
although in his texts he tended to stick to biological examples. 2* Most importantly,
Wiener’s work led to the possibility of a systematic approach whereby the stability of

industrial processes could be assured by rigorous mathematical means rather than rules

of thumb. However, Wiener also set the stage for the extended social debate
concerning automation by making alarmist predictions of the negative social etfects

which would follow the widespread adoption of automation technologies (see the next

chapter).

The Automatic Factory

In the mid-1950s the new concept of automation became intertwined with the existing
idea of the automatic factory. In this section one of the first systems to be reterred to
as an automatic factory is briefly discussed, followed by a more in-depth analysis ot the
first system that arguably deserved the label. However, 1t 1s necessary to draw the
distinction clearly between automation and mechanisation because the first systems to
be labelled automatic factories were merely mechanised systems, most often large
transfer machines, and their technology is incidental to the subject of this thesis.

The history of transfer machines — systems whose definition sits uneasily
between that of mechanised and automated processes — is another area in the history ot

technology that has produced interminable priority issues. Once again the confusion

22 Heims, Constructing a Social Science for Postwar America, pp. 15-16.

23 Wiener, Cybernetics.
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results from a lack of accepted definitions. Probably the first transfer machine was a

system built in Britain for Morris Motors in the early 1920s to machine engines from
rough castings. Most significantly however, it was described in contemporary reports

as an automatic factory. Herbert Taylor, the chief engineer at Morris, designed it and

supervised 1ts production, as described 1n his 1922 paper, “Factory Planning™.2* It was

181 feet long, consisting of 53 stations connected by transfer machines, and had a
complete cycle time of approximately four minutes — that is, every four minutes all of
the stations would have completed their current operation and each of the workpieces
could be transferred to the next station. The total time from when a newly cast cylinder
was placed at the start of the line to when it reached the end was 224 munutes.
However, because of its pipeline mode of operation, after the first 224 minutes another
finished cylinder block would be ready every four minutes.

The capital cost for the system was said to have been considerably less than it
would have been for a group of normal machine tools to do the same task.
Furthermore, the 53 stations could be operated by a total of just 21 men.?> The system
proved very successful, although its efficiency was improved by splitting 1t Into two
separate systems because the complete system proved too complicated to keep In
operation, and Morris went on to commission a number of other similar systems,
including ones for gearbox casings and flywheels.

Nevertheless, clearly the Morris machine was not a true example of an
automatic factory, or even one of automation. For the first such example we have to

step forward 25 years to examine John Sargrove’s ECME.

24 Herbert Taylor, “Factory Planning”, in Proceedings of the Institution of
Production Engineers, Vol. 2, 1922-3; See also Frank G. Woollard, “Some Notes on
Britich Methods of Continuous Production”, in Proceedings of the Institution of
Automotive Engineers, Feb. 1925; and Frank G. Woollard, Principles of Mass and
Flow Production, 1liffe and Sons, London, 1954.

23 My use of the word “men” is obviously not sexist in the context of early-20th

century automobile manufacture.
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Sargrove’s ECME

The Electronic Circuit Making Equipment (ECME), designed and built by John
Sargrove in 1947, was an automated system which could produce a complete circuit
board for a radio receiver every 40 seconds. Although it proved to be a commercial
failure, for reasons to be explored later, its primary significance lies in the way it was
represented 1n the automation hysteria literature (alongside the Morris Motors transfer
machine). However, its technical achievement — pre-dating any comparable systems by
about a decade — was undoubtedly one of the earliest examples of automation, and
warrants a description here.26

Sargrove had previously been the Chief Engineer at British Tungsram Radio
Works Ltd, a position he held for 11 years before leaving the company to form
Sargrove Electronics Ltd. It was one of many companies that he would found, and was
started expressly for the development of ECME, which he had already conceived and
designed. Sargrove had thoroughly searched the technical and patent literature — in an
IRE Journal paper in which he described ECME he cites 26 related patents. 27 He also
knew about some of the less well-known developments in World War II military
electronics technologies, including the use of printed wiring techniques in proximity
fuses, although his sole wartime experience had been in the use of photoelectric

devices at the Electro-Physical Laboratories and with Mervyn Sound and Vision Ltd.

26 [ am indebted to Ken Beauchamp (formerly of Lancaster University) for the
loan of his papers on the history of Sargrove and ECME, which included private
correspondence and background information. Beauchamp’s papers form the basis of
his paper, “John Sargrove — Innovator and Pioneer of Automation”, presented at the
8th IEE Weekend Meeting on the History of Electrical Engineering, Imperial College,
London, 1980; and K. G. Beauchamp, “John Sargrove — inventor of the first PCB”, 1n

Electronics and Power, June 1981, pp. 477-483.
27 John A. Sargrove, “New Methods of Radio Production”, in Journal of the

British Institution of Radio Engineers, Vol. VII, No. 1, Jan.-Feb. 1947, pp. 2-33.

(Sargrove won the first Institute of Radio and Electronics Engineers Clerk Maxwell

Premium for this paper).
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Sargrove’s primary motivation was his recognition that the labour cost of
electronic goods such as radios was so high that following any manufacturing failure it
was necessary to reclaim the unit, at further cost, rather than abandon it. By designing
an automated manufacturing process, he hoped to reduce the labour cost. in particular
by eliminating wiring mistakes - a common cause of rejected circuits in conventional
manufacture — but also by automating testing at the point of manufacture.
Furthermore, there were obvious benefits if the rate of production could be controlled
and absolutely predictable, enabling production to continue around the clock at a
uniform rate. He wrote, “Electronic control assures complete safety and, at the same
time, maintains maximum economy in consumption of material and power.”28

The ECME machine cost over £100,000 to build, but according to Sargrove’s
calculations it could make 50,000 radio sets a year, and would become profitable after

a run of 20,000 sets (he told reporters at a press conference that the ECME effectively

did the work of 600 technicians). Each ECME radio contained two separate circuit

boards, costing about £1 to make the pair. The complete circuit consisted of 30

individual components and would have required 80 soldered connections if made by

hand. 2°

Sargrove’s manufacturing process was innovative: each board was initially
sandblasted, then sprayed with a film of zinc. After the metallising process, a milling
operation removed all of the zinc except in certain recessed areas on the circuit board —
at this point the circuit board would closely resemble a modern printed circuit.
Resistors were then made by spraying graphite onto defined areas of the boards.
Likewise, by spraying a layer of lacquer with high dielectric coetficient between two
deposited metal films capacitors could be made. Fially, inductors were ingeniously

made by spraying metal spirals onto opposing sides of the circuit board.3°

e e ——

28 Sargrove, “New Methods of Radio Production”, p. 33.

29 The Science Museum 1n Kensington, London, has a set of ECME-produced
radio circuits 1n its collection.

30 The details on the ECME manufacturing process come from Beauchamp

“John Sargrove — Innovator and Pioneer of Automation”, and Woollard, Principles of

Mass and Flow Production, p. 161-164.
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Lhe design innovations were not restricted to the manufacturing process, but
also extended to automated testing. Photoelectric cells were used to check that the
metallising process had been performed correctly, and any boards that were not
sufticiently coated would be automatically rejected. Furthermore, if two faulty boards
were detected one after the other the whole preceding section of the production line

would be halted so that the problem could be rectified, but the remaining section of the

machine would continue operating.

Sargrove’s circuit design used a small number of cheap, multipurpose valves
(incidentally, 1t was the UASS, which he had designed for Tungsram in the 1930s). The
radio was aimed at the Asian market — the circuit was a simple single-channel short-
wave receiver, while at that time the Western markets demanded super-heterodyne
recervers. Two large orders were placed for the system - one from the Chiang Kai-shek
government in China, for 25,000 sets, and one from the Indian government for 20,000
sets. However, ECME never operated for more than a few minutes, and the total
number of boards produced using the system was less than one hundred. 3! The Indian
order was withdrawn following the partition of India and Pakistan in 1947. It 1s not
clear what happened to the Chinese order — presumably it was dropped during the
struggle between the Chinese Nationalist and Communist forces - it was certanly
never tulfilled.

The teething troubles when ECME was first tested had taken too long to
overcome - typically the sprayed resistors needed to be altered by hand to make their
values correct.32 Sargrove later cited materials shortages and difficult financial

obligations as the major problems that he had failed to resolve.’? And while Sargrove

grappled with the technical issues, his funding ran out. His principal financial backer

31 Details from correspondence between Edward Sargrove (son ot John) and
Ken Beauchamp, dated 11th April 1930.

32 The need for hand-correction was outlined in correspondence from John
Sargrove to D. Chilton (a curator at the Science Museum) dated 5th August 1967.

33 Beauchamp claims that the financial problems were exacerbated by the
frequent cuts to the electricity supply in the winter of 1946-47, during a coal shortage,

which occurred at exactly the time the ECME needed to be making an uninterrupted

production run in order to sustain orders.
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got cold feet, and decided to abandon the venture, but first negotiated the sale of the
system to the radio manufacturer A. C. Cossor.3* To Sargrove’s dismay, A. C. Cossor
had no interest in using the machine, perhaps because it would have made Cossor’s
own production system obsolete - ECME was cut into several pieces in order to be
transported away, and it was distressingly clear to Sargrove that the machine would
never work again.’> The story might have ended there, but Sargrove was a master of
publicity, and had managed to awaken the interest of many of the technical writers

who would become the major contributors to the automation hysteria ot the 1950s.

Conclusion - the Enduring Significance of ECME and the Morris

Motors Transfer Machine

In 1947, while trying to drum up support for ECME, Sargrove had gone to the length
of commissioning a short colour 35mm film to be made of the system in operation,
which he titled “The First Automatic Factory”. The result was a seminal popular press
article on ECME, with the same title, which appeared in Fortune in August 19438.
Sargrove was, for a short time, a well-known figure outside of the field of electronics —
within his papers we find a letter from Lord Mountbatten, in which he was
congratulated on a recent visit to Paris, where he had presented a talk on the ECME to

the Societe des Radioelectriciens. Mountbatten wrote:

I hold the strongest possible views on the subject of international radio and
contend that not only should traffic channels be common to all countries, but

also that scientific data should be freely interchanged.

34 The original backer for the ECME project was the chairman of a large
company with no connection to the radio industry, who requested anonymity - a
request which remains observed to this day. After his death, Sargrove’s wife still
withheld the name of the backer when asked to recount the story by Ken Beauchamp.

Details are from correspondence from Mildred Sargrove to Beauchamp dated 17th

March 1980.
35 Correspondence from Mildred Sargrove to Beauchamp dated 17th March
1980.
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It 1s much to your credit that the B.I.R.E. are the first to set an example on this
exchange of data.36

While ECME and the Morris transfer machine Clearly had great contemporary
signiticance, the influence of both systems on the automation hysteria of the 1950s (the

subject of the next chapter) is perhaps even more important - both systems were
widely cited in the automation literature. A key point to note, which speaks volumes
about the nature of the automation hysteria, is that they were often used to support
both sides of an argument. For example, take Woollard’s description of the Morris
transfer system. He enthused, “The machine was eminently successful. [...] It
substantially reduced the machining costs while providing the operators with an equal
or even higher remuneration.” And, “It survived well beyond the normal period of
obsolescence, in fact it outlived the engine for which it was made. A section of it was
still at work in 1949, that is 25 years after it was first commissioned.”3” On the other
hand, one of the most commonly levelled criticisms of the Morris transfer machine was
that its capital cost had proved to be so much higher than anticipated that it had to be
used for many years longer than was originally expected, to recover the cost.

Similarly, Woollard cited ECME as an example of a successful manufacturing
process due to the product and the production line being designed at the same time.38
Diebold also applauded Sargrove’s work, although clearly he had never seen it, nor
even read its description thoroughly, because he too cited it as an excellent example of
a method of circuit board production that allowed for simple product change.3°
Obviously Woollard’s and Diebold’s definitions of success were very generous, but
they contradict with, say, Lee’s analysis — he noted that one of the principle reasons for

ECME’s failure was the inflexibility of the manufacturing process, and that it was

P e _ L

36 Letter from Lord Mountbatten of Burma to John Sargrove, dated 238th July
194°7. There is a copy 1n the IEE archive, NAEST 130/5.3.

37 Both quotes are from Woollard, Principles of Mass and Flow Production,
pp. 20-27.

38 Woollard, Principles of Mass and Flow Production, p. 163.

39 (Diebold features strongly in the next chapter). See John Diebold,

Automation: The Advent of the Automatic Factory, Van Nostrand, New York, 1952,

pp. 38-41.
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simply too difficult to adapt it to make a more marketable product.4© Nevertheless. the
net result was that throughout the 1950s there was a general awareness of both ECME

and the Morris transfer machine, although the specifics of each system tended to be
concealed by hyperbole as they were used to argue for a wide range of propositions.

Finally, it is important to note the continuing influence of Sargrove himself. He
went on working in the automation industry, and became in the 1950s a leading figure
in the development of automated inspection devices. 4! He also served on the IRE
council from 1965 to 1968, and was elected its Vice-President in 1966. Above all,

however, he was influential as a voice of reason and experience during the automation

hysteria of the mid-1950s, as we shall see in the following chapter.

40 L. K. Lee, “Automatic Production of Electronic Equipment”, in Grabbe,

Automation in Business and Industry, pp. 361-418.

41 The most significant of Sargrove’s later papers on automatic mspection are:

John A. Sargrove, and P. Huggins, “Automatic Inspection (The Anatomy of Conscious
Machines)”, in Journal of the Institution of Production Engineers, Vol. 34, No. 9,
Sept. 1955, pp. 563-74; Sargrove, “Automatic Inspection - Cybernetic Machines”, 1n
Journal of the Institution of Radio Engineers, Vol. 24, No. 3, Sept. 1962, pp. 241-9;
and Sargrove, “Automatic High-speed Measuring Systems for Complex Products and
Shape: Interdependent Computation and Cybernetic Inspection Machinery”, in The
Radio and Electronic Engineer, Vol. 27, No. 5, May 1964, pp. 337-48.
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In the mid-1950s automation became a major issue of popular interest, largely due to a
flood of publications and an unprecedented degree of media attention. A period of
“automation hysteria” was experienced which continued for several years. It was a
time when information and misinformation appeared at such a rate that few people

could remain reliably informed of the day to day developments in control technology.

Because 1t was a new term, Bright writes,

“automation” became synonymous with any and every kind of technological
change. [...] Any kind of machinery affecting labor was labelled as automation.
whether or not it was automatic. [...] In general, automation covers anything
significantly more automatic than previously existed.

Or, as Lockwood wrote ironically in 1968, “It has been said that in the last
fifteen years the weight of paper used to sell and explain the numerical control of
machine tools exceeds the weight of installed machines.”? While journals promoted the
imminent, or even supposedly existent “automatic factory”, alarmists warned of the
catastrophic human consequences which would inevitably follow any hasty automation
of production industries. As Bright notes, a major increase in any one of three fields -
machines to perform production operations, machines to move materials from one
work station to the next, and control systems that regulate the performance of
production and handling systems - was often enough for observers to use the label of

“automatic factory”.

The “Second Industrial Revolution”

Two US writers, John Diebold and Norbert Wiener, gained reputations as authoritative

expert witnesses and pundits on developments in the field of automation. Wiener’s The

| James R. Bright, “The Development of Automation”, in Melvin Kranzberg
and Carroll W. Pursell Jr. (eds.), Technology in Western Civilization, Vol. 11, Oxtord
University Press, 1967, pp. 635-655, (the quote is from p. 640 [his italics]).
2 F. B. Lockwood, Fundamentals of Numerical Control, The Machinery

Publishing Company Ltd., Brighton, 1968, inside back cover.
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Human Use of Human Beings and Diebold’s seminal 1952 text, Automation: The

Advent of the Automatic Factory, were undoubtedly the most widely read and

influential books of the decade on the subject of automatic control.

Wiener was an eminent professor of Mathematics at MIT. Although his original
work 1n control had concentrated on the mathematical theory of feedback systems, he
became preoccupied with automation’s social impact, and warned of the dangers
inherent 1n relying on autonomous technology and with the replacement of human
workers by machines.? Wiener viewed social factors, particularly the motives of power
and profit as fundamentally destabilising forces, that is, the social embodiment of a
positive feedback mechanism.# He made an alarmist prophecy in 1948 which is often

considered the trigger of the automation hysteria:

The first industrial revolution [...] was the devaluation of the human arm by the
competition of machinery. [...] The modern industrial revolution is similarly
bound to devalue the human brain, at least 1n its simpler and more routine
decisions.’

Diebold, on the other hand, was a technological positivist, keen to promote the
potential benefits that automation might bring. He was the editor of Auromatic
Control, a new 1950s technical journal, and a member of the prolific Harvard Business
School’s Research Group on Automatic Control Mechanisms. Diebold described
automation as “denoting both automatic operation and the process of making things
automatic [...] the systematic advantages and the study of which will yield fruitful
results.”® He deliberately distanced himself from the alarmists, but also from what he
perceived to be over-enthusiastic predictions of an anticipated “second industrial

revolution”, and the “glowing pictures painted by those who say that smaller

3 Norbert Wiener, Cybernetics: Control and Communication in the Animal

and the Machine, MIT Press, 1948.

) Noble emphasises Wiener’s politics in David F. Noble, Forces of Production:

A Social History of Industrial Automation, Oxford University Press, 1984, p. /2.

) Wiener, Cybernetics, p. 27. The social implications of automation became the
central theme of his next book, The Human Use of Human Beings, MIT Press, 1950.

0 John Diebold, Automation: The Advent of the Automatic Factory, Van

Nostrand, New York, 1952, p. ix.
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computers will soon be available much more cheaply.”” Although he agreed that many

of the suggested technological developments could eventually happen, he considered

that the pace of change outlined in most ostensibly serious writing on automation was

more suited to science fiction:

Writers such as Norbert Wiener, by emphasising the similarity of automatic

control systems and the nervous systems of humans and animals, have made the
world of science fiction seem indeed to be upon us, with a race of human-like

robots already in the making. No interpretation of the facts could be more
perverse - or disturbing.®

To Diebold the essence of automation, and the reason that its introduction
would be slower than Wiener feared, was the need to design manufacturing processes
around the new control technologies rather than the reverse.® In some cases this might
even require the re-design of products, at the very least to provide reference points for
machine handling.!9 In general, Diebold’s predictions were down-to-earth assessments
of automation’s potential to increase productivity in manufacturing operations, and of
its knock-on effect on the standard of living. However, he noted that some
manufacturing processes could never be altered simply to increase productivity, and
cited an example of a pretzel company which had made a machine to stamp pretzel-
style shapes but had then discovered that consumers did not like the traditional tied
pretzel shape to be changed. On the whole, Diebold encouraged experimentation in

control technologies, which he saw as a force for social improvement, whereas Wiener

/ Diebold, Automation, p.5. Nevertheless, he was well aware ot the trends n
research in electronics technology. For example, he foresaw the minicomputer nearly a
decade before it became reality, writing “as transistors [...] replace vacuum tubes in the
construction of computers, the heat problem will become insigniticant [...]. The
computers will also occupy far less space; a computer built entirely with transistors

rather than vacuum tubes will occupy about the same cubic volume as a normal office

desk.” (p. 28).

S Diebold, Automation, p. 154.
’ Diebold, Automation, pp. 20-32. Although Diebold used the example of

ECME, Sargrove’s automated radio-manufacturing system (see Chapter 2), 1t 1s clear
from his description that he had never seen the system in operation (p. 39).

0 Diebold, Automation, p. 37.
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argued that scientists should try to err on the side of caution by taking more time to

assess the impact of new technologies. Wiener warned.

Let us remember that the automatic machine, whatever we think of any feelings

It may have or may not have, is the precise economic equivalent of slave labor.
Any labor which competes with slave labor must accept the economic

conditions of slave labor. It is perfectly clear that this will produce an

unemployment situation, in comparison with which the present recession and
even the depression of the thirties will seem like a pleasant joke.!l

However, Diebold countered Wiener’s claim by suggesting that 56% of the
(US) workforce was not, and perhaps never would be, in a position to embrace
automation. He listed examples of difficult to automate (rather than mechanise)
processes, which included agriculture, services, construction and mining. Diebold
claimed that the fields which were generally considered ripe for automation, such as
printing, petroleum refining, and communications, accounted for a mere 8% of the

labour force.! According to Diebold, Wiener had made the mistake of assuming that

there was a fixed amount of work to be done, so automation would cause the human
workforce to be made obsolete, and had ignored the fact that increased production
might be matched by increased consumption.

The debate between US scholars centred on heavyweight social issues, and was
divided into two camps which Herbert Simon later categorised as Radicalists and
Conservatives.!3 Using Simon’s categorisation Wiener was clearly an archetypal
radical while Diebold was a conservative. However, as Simon (writing in 1965) noted,
the 1950s literature had been dominated by imformed technological debate but

supported by uninformed economic analysis.'* When 1t came to assessing the social

] Norbert Wiener, quoted in Bright, “The Development of Automation”,

p. 636.

12 The 56% figure excluded people in military service. Diebold, Automation,
pp. 148-149.

3 Herbert Simon, The Shape of Automation for Men and Management, Harper

and Row, New York, 1965, (introduction, p. x1).

4 Simon’s Shape of Automation, and in particular its first section, “The Long-

Range Economic Effects of Automation” was the first scholarly economic analysis ot

automation.
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implications of automation, the writers during the period of automation hysteria had

been starved of facts and figures, and their predictions were uniformly based on

rhetoric rather than analysis.

While many of the US-originated fears carried across to the debate in Britain.
local 1ssues tended to be more practical, tending to focus on the potential short term
economic consequences of automation in industry rather than its long term social
effects. For most British observers, their impression of automation came from media
reports, the mood of which was captured in L. Landon Goodman’s contemporary
Penguin publication, Man and Automation.'S Goodman was a Fellow of the Royal
Society, a freelance consultant on industrial production and design, and an associate of
most of the major British manufacturing and engineering institutions. Like Diebold,

Goodman was optimistic about the potential benefits that would accompany increased

automation. He too argued that automation was as strongly connected to managerial
philosophy as to new technologies, and he frequently criticised the misrepresentation
of automation by the popular media, emphasising that at the time he was writing, n
1957, there were no fully automatic chemical factories in existence - even though
media reports had suggested otherwise.!® Goodman’s 1957 book, and other similar
works, mark a turning point in the automation hysteria - when the fear that automation
would create massive unemployment began to subside as it became clear that the

adoption of automation was proving to be a gradual process rather than overmght.'’

15 L. Landon Goodman, Man and Automation, Penguin, London, 1957.
16 Goodman, Man and Automation, p. 90.
¥ Other key mid- to late-1950s “gradualist” accounts which predicted that the

uptake of automation would be a much slower process than had been warned by the
alarmists include R. H. MacMillan, Automation: Friend or Foe?, Cambridge
University Press, 1956; Simon Ramo, “Automation in Business and Industry”’, In
Eugene M. Grabbe (ed.), Automation in Business and Industry, John Wiley and Sons,
New York, 1957, pp. 9-17; the 1956 DSIR report, Automation. A Report on the
Technical Trends and their Impact on Management and Labour, HMSO, LLondon;
Frank G. Woollard, Principles of Mass and Flow Production, Iliffe and Sons, [London,
1954: and the 1957 PEP report, Three Case Studies in Automation, Political and

Economic Planning, Metchim and Son, London.
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However, obscuring the rational assessments of the potential 1mpact of
automation was a wealth of science fiction accounts published in the mid-1950s.

Undoubtedly the most well-known of these was Kurt Vonnegut’s 1953 classic. Player

Piano,'® which epitomised the popular perception of automatic control technology (it
was not yet widely known as automation). Vonnegut worked as a technical writer and

publicist at General Electric’s Schenectady factories, the loosely disguised centre of the

action in the novel. The story, set in the near future, revolves around Paul, a factory
manager who recalls the days before automation and the development of completely
automatic factories. At one point in the book. in response to his secretary remarking,
“Actually, 1t 1s kind of incredible that things were ever any other way, isn’t it?”’ Paul
replies that relying on human mental and physical processing power was “Expensive,
...] and about as reliable as a putty ruler.” Paul goes on to describe the problems of
pacing, and how seasonal changes such as workers slacking off towards Christmas
could influence the output rate of an entire production line.!9 Later in the book Paul
discovers that his chief engineer, Bud, has devised a new machine that eliminates his
own Job - and those of the nation’s 72 other chief engineers.2 However, although the
theme of engineers making themselves obsolete was common in contemporary science
fiction, and clearly struck a chord with readers who were regularly presented with
exaggerated stories of fully-automatic factories in the popular media, the science
fiction of the period was dominated by positivist accounts.?2!

The pessimistic predictions from Wiener, Vonnegut, and the other radicalists
(as Simon would describe them) appear to have carried weight only during the early
years of the automation hysteria, say from 1954 to 1957. Afterwards, the optimistic
messages of Diebold, Goodman, and the other conservatives are more representative

of the general trend. But, as we shall see in the next chapter, which looks at the

18 Kurt Vonnegut, Player Piano, Macmillan, London, 1953.

19 Vonnegut, Player Piano, p. 17.

20 Vonnegut, Player Piano, p. 60.

2| Other similar contemporary cautionary tales include Cordwainer Smith’s

short story, “Scanners Live In Vain”; and Walter M. Miller’'s A Canticle For
Leibowitz, C. Chivers, 1959. For an informed analysis see John Clute and Peter
Nichols, The Encyclopedia of Science Fiction, Orbit, London, 1993.

38



development of the numerically controlled (N/C) machine tools in Britain, radicalist
predictions were pervasive just at the time when British research interests in N/C

systems were formed, and their influences were significant. The radicalist perspective

was grounded 1n anxiety over the impact of new technologies; the fear generated by

the Cold War; and the notion of relative economic decline.

Competitiveness Fears and the Limits to Organised Resistance

US scholars such as Noble, Melman and Braverman have attributed much of the
technological direction during the early development of automation to the influence of
Cold War tears and a perceived need, at least in the United States, for manufacturing
industry to be geared for rapid detence mobilisation.?? In the United States, particularly
following the USSR’s launch of Sputnik on 4th October 1957, proponents of
automation managed to tie the need to modernise industry to the perceived Communist
threat, and they swept aside arguments - such as Wiener’s - that new technologies
should be thoroughly assessed before being put into general use. The fear was raised
that the USSR would overtake the United States in military and manufacturing
technologies. Premier Kruschev played against this fear, reportedly saying that,
“[automation] is good. It is the means we will use to lick you capitalists.”** The result

was the unprecedented growth of the United States’ Cold War military economy.%

22 See Noble, Forces of Production; David F. Noble, America by Design.
Science, Technology, and the Rise of Corporate Capitalism, Knopf, New York, 1977;
Seymour Melman, Profits Without Production, Knopf, New York, 1983; Seymour
Melman, Pentagon Capitalism; The Political Economy of War, McGraw-Hill, New
York, 1970; and Harry Braverman, Labor and Monopoly Capital: The Degradation of
Work in the Twentieth Century, Monthly Review Press, New York, 1974.

23 Quoted in John Diebold, Beyond Automation: Managerial Problems of an
Exploding Technology, McGraw-Hill, New York, 1964, p. 10. Diebold argued that
automation, or “increasing output per manhour worked”, was an essential detence
“against the aggressive powers of communism.” Diebold, Automation, p. 170.

24 For an explanation of the origins of the United States’ Cold War economy.
and its influence on technological development programmes the essential references

are Michael S. Sherry, Preparing for the Next War: American Plans for Postwar
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Because the rate of technological change and systems obsolescence in military

technology had become so high, it was no longer sufficient for the country to merely
stockpile equipment. The United States’ manufacturing industry was urged to increase
its productivity so that at any given time it would be capable of turning out massive
quantities of modern military hardware.25 Given the spirit of the times it was inevitable
that automation would be considered the means to achieving the required increase in
productivity.

These very US-centric scholarly analyses make an interesting contrast with the
British story, which has had little analysis. In mid-1950s Britain, the United States’
defensive response was generally considered excessive. Anti-communist sentiments

were considerably weaker here - the mood being excellently captured in this excerpt
from a November 1957 column by MP and automation pundit Frank Beswick, who

was a regular contributor to Process Control and Automation:

Defense, 1941-45, Yale University Press, New Haven, 1977; and Stuart W. Leshe, The
Cold War and American Science: The Military-Industrial-Academic Complex at MIT
and Stanford, Columbia University Press, New York, 1993. See also James L. Penick

Jr.. Carroll W. Pursell, Jr., Morgan B. Sherwood, and Donald C. Swain, The Politics
of American Science, 1939 to the Present, MI'T Press, 1965.

25 See for example, L. K. Lee, “Automatic Production of Electronic

Equipment”, in Grabbe, Automation in Business and Industry, pp. 361-418, which

describes Project Tinkertoy, a research project into mass production techniques tor

electronic goods.
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Let us be clearer about this. The United States may not yet have staked a claim

in outer space but she has more vacuum cleaners to the square mile, and more
elaborate motor cars than any other society in the world. The U.S.S.R. has

caught up with the U.S.A. in fission and fusion weapon design, and passed her
In the development of ballistic rockets and satellites - but standards in other

things are pretty spartan. The Russian worker may have a part share in a

Sputnik but more likely than not he has no refrigerator, nor washing machine,
nor even a decent kitchen in which to put them.2¢

In md-1950s Britain the Communist threat was less important than the notion
that the country was becoming less competitive than other Western nations.2’ The
suggestion of industrial decline was fuelled by examples in the field of automation such
as those provided by Diebold which showed that the United States’ textile industry
averaged one operator per 104 looms, while 1in Britain the ratio was only one operator
per eight looms. Industrialists asserted that the solution was for British industry to
increase its competitiveness through massive modernisation programmes. For example,
the March 1958 issue of Instrument Review included a “Special Supplement on
Scientific and Technical Education” in which Viscount Chandos (Chairman ot AEI)

wrote:

In this country we live by our brains and by our ability to manufacture. I have
described engineers as the aristocrats of the twentieth century, for they are the
people who lead our industrial development. Anyone who contributes to the
reduction of manufacturing costs contributes to our survival. Those responsible
for the development of automatic control of machine tools are doing just this.

However, industrial competitiveness was not only considered within an
international context. Fears were raised that British companies which failed to adopt

automation rapidly would find themselves left behind by their faster moving domestic

NN L —
L

26 Frank Beswick., “Westminster Commentary”’, in Process Control and
Automation, Vol. 4, No. 11, Nov. 1957, p. 412.

27 See for example Michael Shanks, The Stagnant Society, Penguin, London,
1961: and more recently, Michael Dintenfass, The Decline of Industrial Britain, 1870-
1980, London, Routledge, 1982; B. Collins and K. Robbins, British Culture and
Economic Decline, Weidenfeld and Nicolson, London, 1990; B. Elbaum and W.
Lazonick (eds.), The Decline of the British Economy, Clarendon, Oxford, 1987; and
M. Wiener, English Culture and the Decline of the Industrial Spirit, 1850-1980.

Cambridge University Press, 1981.
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competitors.?8 For example, a report published by the Association of Supervisory

Staffs, Executives and Technicians (ASSET) in 1956 called the introduction of

automation technologies “The Compulsory Revolution” precisely because it was seen
as the solution to increasing competitiveness.29

Thus, the automation hysteria in Britain was far more concerned with the issues
of international and local competitiveness. While the hysteria lasted, industrialists were
spurred on by alarmist economic arguments to explore the possibilities of the new
technologies, even though there were few tangible case studies on which to base
rational assessments. An excess of unsupported predictions of economic decline and

social upheaval fuelled the hysteria, but as we shall see in the next section, it waned as

observers began to realise that the alarmist predictions were not being fulfilled.

The Institutionalisation of Automation in Britain

The late-1950s general trend away from radicalism to conservatism in the perception
of automation was largely due to the broadly publicised activities of a number of trade
and technical mstitutions. Critics of the radicalist position invariably pointed out that
there was msuftficient hard data on which to base alarmist projections of the social and
economic 1mpact of automation. The mstitutions reacted to the massive demand for

systematic studies on the effects of automation by publishing reports and launching

new, specialised periodicals.

Existing Institutions and New Journals

Both in Britain and the United States a number of technical journals were launched,
while several established ones in related fields changed their titles to reflect the
increasing interest in automation. For example, looking at the developments in Britain,
in June 1954 Instruments in Industry was launched, a trade journal with the brief to
“provide information [to design engineers] on the application of industrial instruments

and instrumentation.” Later that year (October) Process Control was launched, aimed

28 For a typical example of the pro-modernisation argument see Shanks’,
Stagnant Society.
29 ASSET, Automation - A Challenge to Trade Unions and Industry, G.FE.

Tomkin Ltd., London, 1956.
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at the users rather than the developers of automatic control technology. From 1955, as
the awareness of automation grew, the journals responded swiftly. In January 1955.

Instruments in Industry gained the subtitle “The British Journal of Instrumentation.

Automation and Process Control”. Then, early in 1956, Process Control became
Process Control and Automation, soon followed by the merger of Instruments in
Industry with the recently launched Automation to become Automation (incorporating

Instruments in Industry). A similar pattern could be observed in the United States
during the years 1955-57.

Alongside the growth of trade publications there were widespread
organisational changes as institutions interested in the newly recognised field tried to
accommodate automation as a distinct discipline. The earliest British institutional
response was the formation of the Control Section of the Society of Instrument
Technologists 1n 1950. It had followed consultations with the Interdepartmental
Commuttee on Servomechanisms and Related Devices (ICSR), a Ministry of Supply
committee that wanted to extend its remit from being an advisory panel to the armed
services to becoming a promoter of education and research programmes in automatic
control.3® Similarly, the Institution of Radio Engineers (IRE) formed a Servo-Systems
Committee 1n 1951, which became the IRE Feedback Control Systems Committee the
following year. The new committee went on to form the IRE Protfessional Group on
Automatic Control in 1955, the first significant professional group of any British
institution to be dedicated exclusively to the topic of automatic control. The Institution
of Electrical Engineers (IEE) on the other hand, chose not to create a new section but
merely extended its Measurement Section to become the Measurement and Control
Section in 1955. Even so, the IEE’s minor reorganisation makes a marked contrast
with the activities of the American Institution of Electrical Engineers (AIEE) which
had been grappling with organisational reform for several years. During the 1940s and
early 1950s the AIEE had at least 11 committees and 16 sub-commuttees that
overlapped in the field of automatic control, a situation which was only partly

remedied in 1944 by the formation of an Industrial Control Devices Committee, and

later a Feedback Control Systems Committee in 1950.

30 Stuart Bennett, “The Emergence of a Discipline: Automatic Control 1940-

1960”, in Automatica, Vol. 12, 1976, pp. 113-121.
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For some of the more conservative British engineers, however, the pace of

change was too rapid. An interesting example can be found in the late 1955 Council

Minutes of the Institution of Production Engineers (IPE).3! The IPE was probably the
institution that dealt most coherently with the early automation hysteria by scheduling

its “Automatic Factory” conference in Margate in the summer of 1955 (see section

2.2). Although the IPE was traditionally involved with the more down-to-earth aspects

of manufacturing technology, it had become deeply involved in the popular media’s
presentation of automation through hosting the first major conference on the subject.
Because automation attracted wide interest and was a somewhat ambiguous term, it
was seen by some IPE Council members as a frivolous and distracting topic which
should have been accorded less attention. So, in October 1955 the IPE council debated
a motion to reduce the Institution’s recent emphasis on “automation issues”. 74 One

member warned that:

The present phase of over-popularisation of automation will have a national
reaction in debunking. These swings should be compensated by accurate
statistical and technical studies of the impact of automation in the U.K., Europe
and the world at large, promoted strongly by the I.P.E., and constantly
published through its Journal and publications channels.

The ensuing debate centred on comments made by Lord Halsbury who, as
managing director of the National Research and Development Corporation (NRDC),
represented the link between government and trade interests in high technology
ventures. Halsbury expressed concern that too much ot the current research 1nto
automation in Britain was concerned with its technical aspects, and suggested that the
[PE should try to redress the balance by setting up a body to explore human-relations
implications (to which the NRDC would gladly co-opt a staff member to contribute or
observe). Halsbury’s comments were endorsed by Sir Walter Puckey, president of the

IPE. who observed that since speaking at the Margate conference he had been oftered

3] IPE Council Minutes 2.1.6, 1953-56. (The IPE papers are held in the IEE
Archive, at Savoy Place, London).

32 The following details and quoted references are from IPE Council Minutes

2.1.6, 27th Oct 1955, p. 161, (paras. X1-X1v).
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5’7 invitations to address meetings in the U.K. and abroad on automation
... The IPE is] better able than the majority to understand and Interpret
l[automation] to those other 16 million people [in service industries], most of

whom at the present time, in my experience have not the faintest idea what it is
all about.

Conservatism held sway, however, and the council voted by a slim majority to
erm an ad hoc committee to further investigate the automation issues. The committee
would report back to the council at a later date, and a discussion would be held to
determine the institution’s position with regard to automation. However, it appears
that this was a political concession made to silence the critics - the report was never
forthcoming, and automation issues continued to increase in prominence in the IPE

publications over the following months.

For the most part, professional engineers who opposed the popularisation of
automation voiced concerns about its ambiguous definition. “Just what does
automation mean?”’ was the question asked repeatedly in published discussion articles.
It was often suggested that the lack of standard terminology throughout the range of
applications that used automation technologies was holding back technical progress.
Consequently, most institutional activity until the early 1950s, both in the United
States and Britain, was concerned with the clarification of automation nomenclature.
However, these efforts were uncoordinated, resulting in a huge number of
incompatible definitions - by 19571 the United States alone, there were over one

hundred proposed standards, papers and articles which dealt with the terminolo gy.33

The IPE’s Margate Conference in 1955

It has been said that between 1952 and 1955 almost every professional engineering
society held seminars on the subject of automation.3* Undoubtedly the most significant
single example of institutional involvement in Britain was the IPE’s conterence in June

1955, in Margate. In fact, significant proportions of the delegates were journalists and

33 An ASME committee collected the data for a report in 1957. For further
details on the compilation of bibliographies in automation see Bennett, “Emergence of
a Discipline”, pp.114-117. I have been unable to find a comparable UK-only survey,

but inspection of the trade journals suggests that the British figure would be similar.

>4 A claim made by Bright in “Development of Automation”, p. 633.
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curious outsiders rather than the typical group of engineers to be expected at an IPE

conference. As the editorial of Instruments in Industry noted:

If this month of June were to be recorded in history for any other reason than
the Rail Strike it would surely be for the English use of the word Automation.
T'he subject has been written about in every section of the press, from The
T'imes, to Tribune; P.E.P. have issued a booklet: |...] there have been

discussions on the radio and television [...] and nearly 1,000 engineers attended
that conference in Margate.33

The conference title, “The Automatic Factory - What Does It Mean?”. was
inspired by John Diebold’s seminal 1952 book, Automation: The Advent of the
Automatic Factory.’® The concept of a fully automatic factory - one in which raw
materials were fed into one end of the factory and finished goods would emerge at the
other, untouched by human hand - had become firmly established in the early 1950s.
But, as Coales reminisces, the conference seems amusing with hindsight because the
majority ot the delegates were truly convinced that the fully automatic factory was

indeed “just around the corner”, whereas just a few years later the recognition of

unforeseen technical problems and skills shortages had put paid to such thoughts.37

35 Instruments in Industry, Vol. 2, No. 13, (Jun 1955), p. 147 [their itals.]. The
booklet referred to was a feature edition of PEP’s journal, Planning, titled “Towards
the Automatic Factory”. (Planning, Vol. XXI, No. 380, 13th June 1955).

36, In his keynote address, Walter Puckey, President of the IPE, immediately
cited Diebold’s book. Puckey, “The Automatic Factory - Dream or Nightmare?”, IPE
Automatic Factory Conference, Margate, June 19353.

37 Interview with John Coales, 30th April 1996. Not least of the technical
problems was the fact that management decisions were often ignored or altered at the
shop floor. For example, when a data processing system was mtroduced by Tube

Investments in the early 1960s it was found that shop foremen typically ignored any
technical directions coming from management, preferring to rely on their experience
with the equipment as recorded in private pocketbooks, referred to as the “back
pocket syndrome”. (See R. D. Young, “Data Processing in Tube Investments Ltd.”, in
Ronald S. Edwards (ed.), Business Growth, MacMillan, New York, 1966; and
interview with Sir Richard Young, 28th May 1996.)
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At the Margate conference, speakers were invited to talk on a broad range of
themes, encompassing the social, technical, and managerial aspects of automation.
Papers were presented in four parallel sessions, and were of 2 high technical quality.
Walter Puckey, President of the IPE, gave the opening address, “The Automatic

Factory - Dream or Nightmare?’, which was perhaps memorable for its hackneyed

conclusion:

One of the most spectacular exhibits at the conference [...]Jcomes in a variety of
s1izes and specifications, weighing in its medium size about 160 Ib. It has a
built-in computer complete with a fine memory unit and feed-back controls. I

would particularly ask you to examine its servo-control system and the ease
with which it can be adapted to a wide range of jobs. Untortunately i1t does

require some skill to get full output from it, but once set and reasonably
maintained 1t performs a fine job. It has, too, the advantage that it can be

reproduced by comparatively unskilled labour. Its name? A three-letter word
beginning with *M’!

Puckey was followed by Lord Halsbury on the “Technical and Human
Problems of the Automatic Factory”. Halsbury criticised the uninformed debate on
automation, arguing that it was merely a subset of mechanisation, and should be
treated as an incremental advance to existing technologies, rather than a completely

new development. He said,

A picture of the push-button factory, with a river of castings flowing in and a
river of finished engines flowing out, is false. Push-button factories are like
Space-rockets, and push-button manufacture is like space travel. There are no
realisations of such fictional concepts even if industrial journalists cannot resist
the temptation to dramatise them in advance of achievement.38

Other notable speakers, 1n a series ot parallel sessions, included Pierre Bezier
(of Renault), on the design and use of transfer machines in automobile manufacture,
and John Sargrove, on automatic inspection systems. Of particular relevance to chapter
4, which looks at the development of automated machine tool control systems, were
the papers presented by D. T. N. Williamson of Ferranti on “Computer Controlled
Machine Tools”, and by J. A. Stokes of British Thomson-Houston (BTH) on
“Automatic Electronic Control of Machine Tools”, and Edwin Fletcher, of the TUC,

on “The Automatic Factory: How will the Trades Unions React?” (see also section

3.3).

38 Halsbury’s speech was summarised in Instruments in Industry, Vol. 3, No.

24, May 1956, pp. 100-103. (The quote is from p. 100).
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With the strong media interest that the conference engendered, it could quite
possibly be regarded as the institution’s finest hour - no future IPE conference ever
matched Margate’s broad appeal or timeliness. Following on the success of the
Margate conterence, the IPE Summer School (a regular event typically held for 30-40
visiting engineers) of 1956 was titled “Education for Automation”, with speakers
including John Sargrove, and T. Burns of the DSIR.3% The 1956 Summer School was a
success, and massively oversubscribed, but by 1959 the IPE Summer Schools had to
become biannual events because of reduced enthusiasm.*? The appeal of automation
had waned and there was no substitute topic with a similarly broad appeal.

It 1s Interesting to note that there was a US conference contemporary with the
IPE’s at Margate that enjoyed similar success.*! This was hosted by UCLA 1n 1955,
and was well attended, with 735 engineers and journalists present. The tone of the
Margate conference had been broadly optimistic, but at UCLA the speakers were
positively exuberant when discussing the potential benefits of automation. The
speakers included many industrialists, such as Simon Ramo (of Ramo-Wooldridge, one
of the principal US companies involved in the development of automation), John

Mauchly (Remington-Rand UNIVAC), and Harold Chestnut (General Electric). Ramo
joked:

39 For brief details see IPE Archives, Education and Training Committee 4.2.3
Minutes, 1955-60, pp. 11-16. No papers appear to have been published to accompany

the talks.

40 [PE’s Education and Training Committee discussed the lack of interest in

succeeding summer schools 1n 1959 See IPE Archives, Education and Training

Committee 4.2.3 Minutes, 1955-60, p. 155.

41 Grabbe, Automation in Business and Industry, is an edited volume of the

most significant papers presented at the conference. (Grabbe was a staff consultant on

automation to Ramo-Wooldridge, and a professor at UCLA.)
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Anyone who is foolhardy enough to challenge the idea that the replacing of

man’s brains will be the top industry in the nation some years hence is in danger
of having his brains among the first to be replaced.42

However, although their predictions were almost uniformly optimistic there
was a general acknowledgement, which was yet to be widely voiced in Britain in 1955.

that the uptake of automation would probably be delayed by social and technical

factors.

IFAC, Automatica, and Pergamon Press

While the old institutions were struggling with the task of defining their policy towards
automation, a growing movement of academics and engineers was proposing new
institutions for what was perceived to be a new field in manufacturing technology,
rather than simply making ad hoc changes to existing organisations. One such group of
engineers and academics came together during the 1956 International Conference on
Automatic Control, in Heidelberg, to form the International Federation of Automatic
Control (IFAC) in response to the “enormous growth in both the theory and practice
of automatic control.”4’

A provisional IFAC Committee was elected at the conference, and within a
year twelve countries had pledged to recognise and financially support the
organisation. Most countries created national member organisations, such as the
United Kingdom Automation Council (UKAC).44 It was formed in April 1957 under

the leadership of John Coales, who was one of the wartime pioneers of radar.

42 Grabbe, Automation in Business and Industry, p. 9.
43 Quoted from Bennett, “Emergence ot a Discipline”, p. 113.
4 In fact, UKAC grew out of the British Conference on Automation and

Computation (BCAC). BCAC had been recently formed, after the IEE had convened a
meeting for representatives from the 30 main engineering-related institutions, to
consider (and ultimately criticise) the recent formation of an Institution of Automation.
The Institution of Automation was an ill-starred organisation based in London that
appeared in early 1957 but never achieved significant recognition and faded Into
obscurity within a few years. At the IEE meeting the represented institutions agreed

that Britain required an association of existing institutional and trade organisations
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In September 1957, a meeting was held in Paris to approve IFAC’s proposed
constitution, and Harold Chestnut (of General Electric. Schenectady) was elected the
first president. The official language at IFAC conferences was English, and so it sought
a British publisher, eventually choosing Robert Maxwell’s Pergamon press. In 1963,
Pergamon introduced Automatica, “The International Journal on Automatic Control
and Automation”, as the official IFAC journal. Maxwell hoped to make Pergamon the
principal scientific publisher in Europe, so he considered his association with IFAC
prestigious and valuable (more about Maxwell’s involvement in the history of digital
control, particularly minicomputers, follows in chapter 5). In fact, Maxwell had
pressed for the launch of Automatica when IFAC was first founded, but had been
blocked by Coales and Eckman of the IFAC Committee who had objected that there
were too many journals 1n the field already. But when Coales became the president of
IFAC 1963 he relented as Maxwell once again suggested that Pergamon publish a
dedicated IFAC journal.*> Automatica’s editorial policy was “to foster international
co-operation and research by publishing papers on the theory and experimental
research in control systems technology.” Articles published in Automatica were peer-
reviewed and generally of a highly analytical content, reflecting the maturing

understanding of the underlying principles of automatic control.

The Politics of Control

British politicians in the 1950s were almost as responsive as the engineering
institutions to the surge of interest in the subject of automation. Although the Eden
and MacMillan governments’ responses to the automation hysteria could easily be
overlooked because there were few significant policy changes tied directly to
automation, at the same time many politicians were both affected by, and contributors

to the hysteria.*6 Of course, just as we shall see in the following chapter on the

rather than a new institution, and so the BCAC was formed. (For further details see

IPE Council Minutes 2.1.7, April 1957 (Secretary’s Report); and interview with John

Coales, 30th April 1996.)
45 Details from interview with John Coales, 30th April 1996.

46 For instance, a report published in 1956, and authored by eight conservative

MPs. examined their expectations of the impact of automation. Anon, “Automation
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minicomputer industry, for every MP who knew a little about automation there were 2
host of others who were either uninformed or misinformed because the onset of the

automation hysteria had been so sudden - over the course of one year, 1956, the

situation had changed from few having even heard the word automation, to almost
everybody having an opinion on the subject. For example, at the Labour Party
Conference in July 1956 there were twenty-nine resolutions on the agenda that
mentioned the word automation in their titles, while the year before there had been
none. Furthermore, they represented a full spectrum of opinions, from those

welcoming modernisation and technical change to those who asserted that automation

could be “a menace to the well-being of working people”.47

The DSIR Report and its Successors

In a move to combat uninformed speculation, the Eden government commissioned a
survey 1n late 1955 from the Department of Scientific and Industrial Research (DSIR).
The result was a best-selling report, Automation, produced by a team led by Dr.
Alexander K<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>