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Scope and Outline

A comprehensive process of automation has been going on in the engineering
industry during the last decade or so. Various computer-based automation
technologies for the design and production of engineering goods have been
rapidly diffused — mainly in the industrialized countries.

Recently considerable attention has been given to the concept of computer
integrated manufacturing (CIM). CIM has been called the ‘factory of the
future’ and the ‘ultimate factory technology’. CIM implies an integration
of various ‘islands of automation’ such as robots and computer aided design
(CAD). The basic premise behind CIM is to automate totally and link all
the functions of the factory and the corporate headquarters. It means the
integration of the whole process from the receipt of orders through design,
business planning, purchasing (of components and raw materials), machining,
inventory control (of parts, materials and finished products), automated
warehouses, automatic vehicles, assembly, packing and marketing. All parts
of the company will be influenced by such a change.

So far, however, this ‘factory of the future’ has remained just that. The
pieces are not yet all in place. CIM is still mainly theory and conjecture,
a vision of the future. One of the most difficult problems to solve is how
to get disparate computers and machines to communicate with each other.
For example, today the designs from a CAD system cannot normally be
fed directly into a numerically controlled machine tool (NCMT). A fully
integrated (CIM) factory is therefore still one or two decades away. Hence
CIM has not yet had any important impact, even in the most advanced
member countries of the Organization for Economic Cooperation and
Development {OECD).

On the other hand, various islands of automation have certainly emerged.
‘Much of this automation is located in the design department and on the
shop floor and this kind of automation has advanced quite far in the
industrialized countries and has certainly had important consequences for
competitiveness, employment, skill requirements etc.



4 Introduction

This book is devoted to a description and analysis of the diffusion of this
‘island automation’, i.e. to those elements of CIM which have actually
started to materialize. We will focus upon NCMTs, industrial. robots,
flexible manufacturing systems (FMSs), and CAD systems, all essential
building blocks of the factory of the future. An NCMT is a combination
of mechanics and electronics and it is today considered to be a relatively
mature technology which can be - and is — used extensively also by small
companies. At the other end we have FMSs, which consist of machine tools,
robots, automatically guided vehicles etc., all controlled by a central
computer, FMSs are furthest on the path towards CIM, but they also
represent an immature technology, still plagued by many technical prob-
lems. In terms of maturity, CAD systems and robots fall in between these
two extremes.
~ The four technologies to be studied here all include electronic devices
which control the operation of the machines. Together they constitute
‘CAD/CAM’ (computer aided manufacturing) or ‘flexible automation
techniques’. We will use the latter term in this study.

The recent diffusion of the four flexible automation techniques constitutes
a technological breakthrough in the engineering industry which occurred
after a long period of relative stability with regard to production and design
technology. The most important earlier technological breakthroughs in the
engineering sector were the introduction of the steam engine and the electric
motor. The present shift is similar to these earlier ones in two respects.
First, computers and other electronic devices will affect almost all functions
and production processes and hence their impact can be expected to be quite
substantial. Secondly, the process of diffusion of the electronically based
technologies is not as rapid as is often believed. This means that the conse-
quences for productivity, organization of production, quantity and quality of
employment etc. have only started to materialize. Much more comprehensive
effects in these respects are still to come in the next few decades.

Chapter 2 in Part I contains definitions of concepts as well as a brief
presentation of a few theoretical approaches, focusing upon determinants
of the diffusion of techniques. It serves as a conceptual framework for the
following chapters.

Part IT deals with the diffision of the flexible manufacturing techniques
in the OECD countries. First we devote one chapter to each of the four
techniques (chapters 3-6). We describe the techniques, their diffusion in
the OECD countries, the tasks they are used for, their industrial distribution
and the types of firms using them, As far as we know, these matters are
not systematically described in the existing literature in the field. This is
our justification for devoting considerable attention to this descriptive
aspect. '

We also discuss the degree of maturity of the various techniques as well
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as the technical and economic reasons why the degree of maturity varies
between them. This means that to some extent we also discuss the economics
of the diffusion of the flexible automation techniques. In this discussion
we also touch upon analysis of the determinants of the diffusion. However,
we do not pursue a fully complete and systematic analysis of driving forces
and obstacles to the diffusion in Part II. Neither do we try to explain
differences in the degree of diffusion of the various techniques in different
OECD countries.

After the descriptive chapters we address some of the implications of the
diffusion of flexible automation techniques for the OECD countries. In
chapter 7 we discuss the impact of diffusion of flexible automation on
international competitiveness. We begin by summarizing part of the data
presented earlier in an attempt to determine the impact of flexible auto-
mation at an aggregated level. This impact is indicated by the share of
investments in NCMTs and robots combined in total fixed investments in
machinery and equipment in the engineering industry of some leading
OECD countries. The impact at product and firm level is then discussed
and illustrated by a detailed presentation of the use of flexible automation
in two firms, one producing submersible pumps and the other, diesel
engines. Finally, we compare the level of diffusion of flexible automation
techniques in Japan, West Germany, Sweden, the UK and the USA and
discuss the impact of the uneven level of diffusion.

In chapter 8 we discuss the employment consequences of flexible auto-
mation, We show that the labour replacement effect of the four techniques
is substantial at the micro level. However, we also argue that it is impossible
to equate the aggregated effects of technical change at the micro level with

the unemployment level at the national level.

The discussion in Part II describes aspects of the international techno-
economic context within which the developing countries have to formulate
their industrial and technology policies. Part IIT deals with the diffusion
of flexible automation techniques in the Third World. This diffusion is
concentrated to the more advanced developing countries, i.e. the newly
industrializing countries (NICs). We therefore focus our attention mainly
on these countries.

The available data on the diffusion and industrial distribution of flexible
automation techniques in the NICs are first presented. Thereafter an
attempt is made to analyse the determinants - i.e. the driving forces and
obstacles — of this diffusion within the framework of the theoretical
approaches presented in chapter 2. Hence these approaches are much more
explicitly referred to here than in Part II. The analysis of the determinants
includes an attempt to discuss why the NICs are lagging behind the OECD
countries with regard to the degree of diffusion of flexible automation
techniques. Chapter 9 is devoted to NCMTs, chapters 10 and 11 deal with
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the diffusion of robots, CAD and FMSs in the NICs in a similar way.

Hence, the discussion of determinants is somewhat more ambitious in
Part III than in Part II. However, the discussion of the causes of diffusion
is still not exhaustive and most emphasis - as in the book as a whole — is
given to the description of the diffusion as such. We do not, for example,
try to quantify the relative importance of various factors explaining the
(differences in the) diffusion of techniques (in various countries), but pursue
the discussion in a more qualitative manner, within the framework of the
conceptual framework presented in chapter 2. A more ambitious quantitative
analysis would require extensive and systematic micro studies, which we
have not carried out,

In chapter 12 a discussion is presented of the implications for the developing
countries of the technological transformation addressed in chapters 3-11.
First the data on the diffusion of the various flexible automation techniques
in the NICs and the OECD countries are summarized and compared. There-
after the implications for the competitive strength in the engineering industry
of the developing countries is discussed. This discussion includes the con-
sequences not only for the NICs, but also for the poorer and less developed
Third World countries. Some policy implications for the developing
countries are also discussed in chapter 12.

Part IV (chapter 13) provides a review of the main findings in the book
as a whole,

2

Diffusion of Technology:
a Conceptual Framework

2.1 Some definitions

In this chapter we will define the concepts of technigue and technology.
We will also briefly present a few theoretical approaches, focusing upon
determinants of the diffusion of techniques.

Technologies are often divided into product technologies and produc-
tion (or process) technologies. The main concern in this book will be the
latter, i.e. technologies used in the process of production,

The word ‘technology’ is normally used in a very comprehensive sense
and often includes many important phenomena of a social character, such
as knowledge, management, organization of work, other elements of social
organization etc. It then becomes problematic to study the relationship
between technology and social conditions, because the relation between the
two phenomena cannot be satisfactorily investigated if they are not con-
ceptually distinguished from each other (Edquist, 1985b, p. 13). For this
reason we will use the term ‘technique’ to denote only the material elements
of what is often called technology. Thus, by production technigues we mean
tools, implements, instruments and machines which are used to produce
goods and services (1985b, p. 13).

Regarding technology, on the other hand, we follow the tradition of using
it in a more general and comprehensive sense. It includes not only tech-
nique as defined above, but also non-material elements, such as technical
know-how, management, organization of work etc.

Technical change can be divided into stages even though the dividing
line between the stages is not always clear and the process is not always
linear. First, through research and ‘development new ideas or inventions
emerge, e.g. in the form of technically feasible prototypes. These are
subsequently modified and developed into economically feasible techniques,
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i.e. innovations. Finally, the techniques are adopted by other producers,
perhaps in foreign countries, i.e. diffusion is taking place, Many micro level
adoptions add up to macro level diffusion.! It is normally not until a
technique is widely diffused that it has a large economic, social and political
impact. In this book we are therefore primarily concerned with the diffusion
of techniques and not so much with inventions and innovations. We will
describe the diffusion of flexible automation techniques in different coun-
tries. We will also discuss the driving forces behind this diffusion, obstacles
retarding such diffusion and some consequences of the diffusion.

Our choice of a narrow and strictly material definition of techniques
certainly does not imply that we consider the non-material elements as being
of minor importance for choice, implementation and diffusion of techniques.
On the contrary, these elements ~ e.g. know-how, organization of work,
management etc. - are crucial in the process of diffusion.

2,2 Three approaches to diffusion

There is a voluminous literature on the determinants of the diffusion of
techniques. Some examples are Higerstrand (1967), Nabseth and Ray
(1974), Rosenberg (1976), Rosegger (1977), Utterback (1979), Brown (1981),
Gold (1981) and Rogers (1982). We will not try to summarize the findings
of these authors here, but only - as a point of departure for the following
chapters - briefly examine some approaches to the issues of the driving
forces behind and the obstacles to the diffusion of techniques. We will
present below three theoretical approaches. We want to stress that these
are rnot mutualtly exclusive, but partly overlapping. Hence, we certainly do
not pretend to present a definite theory of diffusion. Neither do we have
the ambition to discuss all theoretical approaches.

2.2.1 A COMBINED STRUCTURAL AND ACTOR-ORIENTED APPROACH

The main objective of the overall activity of firms in capitalist economies
is to make profits. This, of course, also governs their choices of which
production techniques to adopt and use. As a consequence, the main driving
force behind the diffusion of flexible autornation techniques is (increased)
profitability: if a computerized technique is expected to be more profitable
than an ‘old’ one with a similar function, it will be introduced - unless there
are obstacles to this. L. Nabseth has expressed this in the following way:

In all discussions about the diffusion of new technology, the profit-
ability or relative advantage of the new process ii relation to the old
stands out as an explanatory variable. . . . With perfect foresight and
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perfect capital markets one could say that, as long as the internal rate
of return on a new process exceeded a certain level (due regard being
taken, of course, of the capital equipment in use), a firm ought to
introduce the technique in question as soon as possible. (Nabseth and
Ray, 1974, pp. 301-2.)

Rosenberg expresses a similar view in the following terms:

. . . the diffusion of inventions is an essentially economic phenomenon,
the timing of which can be largely explained by expected profits. . .
(Rosenberg, 1976, p. 191.)

At a less abstract level many factors may influence the profitability of
adopting a new technique - or its internal rate of return. These — more
specific — background factors may be of two different kinds,

1 They may have to do with the character of the technigue as such — in
relation to the old technique. The new technique may save manual or mental
labour (skills); it may save capital through, for example, increased capital
utilization, reduction in space requirements or increasing yield through fewer
rejections. It may also save raw material, It may, of course, also save on

_one factor and simultaneously increase the use of another, e.g. it may be

labour-saving and capital-using (i.e. require additional capital per unit of
output).? It may lead to higher quality of the products produced. It may
shorten lead time (i.e. the calendar time needed for manufacturing). The
differences between the new and the old technique with respect to these
characteristics may change over time when techniques are modified and
improved. This is a subject to which we will return below.

2 Another set of determinants of the profitability of new techniques,
and therefore of their diffusion, relates to the structural environment of those
social actors or entities which decide to adopt new techniques — or not to
do so. Factor endowments and relative prices of various production factors
or the infrastructural conditions (education, credit availability etc.) may
differ between countries. Institutional factors — like government policy with
regard to industry and trade or legal conditions — may also vary between
countries. Furthermore, the competitive structure (the degree of com-
petition) may differ between adopting industries and it may alsc differ within
the same industry in different countries,

The structural environment within which the actors choose techniques
may also change over the course of time in the same society. The second
group of factors above lead to different profitability of the same technique in
different environments. Hence, the factors in this group may be particularly
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important in explaining differences in the degree of diffusion of a technique
between countries,

There is also a third group of factors influencing the choice of techniques,
but without necessarily influencing the profitability of the new technique.
They are related to the actors as such. Large firms may be more inclined
to adopt new techniques than small ones since large firms can be expected
to be able to find and absorb information about new techniques quicker
than small ones. Managements of different firms may also have different
attitudes to (the risks involved in) choosing new techniques. Furthermore,
even if the risk propensity is the same, larger firms often in fact take larger
risk in an absolute sense, since the risk is smaller in relation to the total
activities of the firm. Hence, on account of both a faster access to information
and a greater risk-taking capacity, large firms often adopt a new technique
earlier than small firms.

Some managements may also wish to adopt new techniques for status
reasons or simply to learn more about them and thereby raise the techno-
logical level in the firm. Finally, the attitudes of labour unions are a
consideration in these cases where they are powerful enough to influence
the decisions on the adoption of new techniques.

Another aspect of the relation between the character of the actors and
the diffusion process is whether the diffusion takes place within a business
conglomerate or between independent firms and whether the diffusion is
international or national. This may be illustrated by a four-field chart
(figure 2.1). The two squares to the left concern diffusion within countries.
The first possibility (1) is when techniques-are diffused within a large firm
with many branches in the same country and the second (2) concerns
organizational diffusion but not diffusion between countries. The two
squares to the right concern international diffusion, i.e. what is often called
transfer of technology. In such a case the ‘obstacles’ to diffusion are often
more severe than when diffusion within a country is concerned. Institutional

Within Between
countries countries
Within 1 Between branches of 3 Within transnational
corporations the same corporation corporations and
in a certain country between countries
Between 2 Between independent 4 Between independent
corporations firms within a corporations in
certain country different countries

Figure 2.1 Diffusion of techniques
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and cultural differences between countries may be important and the relative
factor prices may be different. In addition, the information aspect may be
a more severe barrier for diffusion in this case. This barrier, however, may
not be expected to be as large for international diffusion within transnational
corporations (3) as for international diffusion between independent corpora-
tions (4). Hence, the obstacles to diffusion may be less severe for cases in
the third quadrant than in the fourth one.

The discussion above indicates that it may be important to distinguish
between international diffusion within corporations and between corpota-
tions. In the former case the mechanism of international diffusion of
techniques between independent corporations is ordinary trade. For the
international diffusion of the non-material elements included in the concept
of technology some important mechanisms are: licensing agreements,
migration, scientific journals and industrial espionage.

The previous discussion implies that many of the more specific factors
influencing the adoption and diffusion of new techniques may be clustered
into three categories which are related to:

1 The character of the technique.
2 The nature of the structural environment of the actor.
3 The characteristics of the actors themselves.

To sum up, the diffusion of techniques may be highly influenced by
structural factors, i.e. the choice of technique is not only, or even primarily,
a matter of conscious policy-making by decision-makers who function as
actors. At the same time social actors do make the decisions to implement
some techniques rather than others, and they oftent have some freedom of
action. Therefore a combination of a structural and an actor-oriented
approach is useful in a study of diffusion of techniques.?

2.2.2 THREE PHASES OF DIFFUSION

The discussion in this chapter has hitherto been mainly of a static nature.
Changes in the rates of diffusion of techniques over time are often illustrated
with the help of so-called S-curves. Time is depicted on the horizontal axis
and some measure of diffusion (e.g. proportion of firms using the technicque)
on the vertical axis.* The curve may be divided into three phases. In the
first - introductory - phase (A), diffusion is slow. The second phase (B),
where the curve is steep, is often called the diffusion or growth phase.
Finally, we have the saturation or maturity phase (C), which may later be
transformed into a decline phase. The shape of the S-curves varies, of
course, between techniques and countries (figure 2.2).
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Proportion of
firms using the —
technique

A B C Time

Figure 2.2 The S-curve

The determinants behind the movement of the technique along its S-curve
are complex and include many factors. Two important determinants will
be further discussed here. They are changes in the supply side and in the
diffusion of information.

Rosenberg (1976, pp. 190-210), in his analysis of factors affecting the
diffusion of technology, argues that “factor and commodity prices aside,
the rate at which new technologies replace ofd ones will depend upon the
speed with which it is possible to overcome an array of supply side problems’
(p. 191). We will now discuss further these supply side problems, which
often serve as obstacles to the diffusion of new technigues.

In the introductory phase of an S-curve, the product or the technique is
often produced in small quantities and for very specific customers. Utterback
(1979, p. 47) suggests that ‘the initial uses of a major product innovation
tend to be in small. . .market niches in which the superiority of the new
product. . .allows it to command a temporary monopoly, high prices and
high profit margins per unit.” Often, the new product or technique is
characterized by functional superiority rather than by lower price. In this
phase, close contact with the market is also necessary for the producer in
order to acquire ideas for product developments. The new machine is often
technically immature and very costly in relation to the machine and/or
worker it is to replace (Jacobsson, 1986, chapter 3). Indeed Rosenberg (1976)
argues that:

. ..if one examines the history of the diffusion of many inventions,
one cannot help being struck by two characteristics of the diffusion
process: its apparent overall slowness on the one hand and the wide
variations in the rates of acceptance of different inventions, on the
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other. . . .a better understanding of the timing of diffusion is possible
by probing more deeply at the technological levels itself, where it may
be possible to identify factors accounting for both the general slowness
as well as wide variations in the rate of diffusion. (p. 191.)

As the product moves into its growth phase, changes take place both in
the technique itself and in the type of adopters. Qutside the large firms
that are normally the first adopters, there are, particularly in the engineering
sector, a very large number of medium-sized and smaller firms, These
firms often demand a somewhat different technique than the larger firms.
Generally speaking, these medium and smaller firms have less in-house
technical expertise and are therefore forced to rely more on mature tech-
nologies. They are smaller and, in general, therefore cannot profitably use
as much specialized machinery as the larger firms, they need more universal
and flexible machines. They are also more price conscious. Finally, their
smallness also means that economies of scale in buying the new technique
(in terms of information search) and in using it (in terms of specialized skills)
have to be reduced before they can buy the new technique.

The different demands made by the two broad groups of firms in the
engineering sector mean that the product or technique needs to be altered
if it is to move along the S-curve into the growth phase. The growth phase
can thus be characterized by the penetration of new markets through:

1 Standardization of the technique, i.e. less custom-designed features and
less need for specialized skills to use it. _

2 Product differentiation, away from the specifications set by the larger
customers, which broaden the range of models available to include also
more simple types.

3 Price reductions as a consequence both of differentiation into more simple
models and of the reaping the benefits of economies of scale in the
supplying industry (Jacobsson, 1986, chapter 3).

Thus, the movement of a technique along the S-curve can be seen at least
partly as a function of the supplying industry’s behaviour in that it changes
the technical characteristics of the product to make it more attractive to
a larger market, and produces it in large enough quantities to be able to
reduce its relative price. The supplying industry thus changes the charac-

“teristics of the technique and its price. Such progressive modifications of

techniques are also stressed by Gold (1981, p. 248). They may mean that
the maximum potential level of diffusion gradually increases over time.

Another determinant of the speed at which a technique moves along the
S-curve is the spread of information about the technique, Nabseth and Ray
(1974, pp. 6, 229-301), as well as Rogers (1982), emphasize this aspect.
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Another example is Higerstrand (1967), although he does not deal
with the diffusion of industrial process techniques, but with product tech-
nologies and agricultural process technologies (p. 12). His conceptualization
of the diffusion process has been summarized by Brown (1981) in the
following way:

The basic tenet of Higerstrand’s conceptualization of the spread of
innovations across the landscape is that the adoption of an innovation
is primarily the outcome of a learning or communication process. This
implies that factors related to the effective flow of information are most
critical and, therefore, that a fundamental step in examining the
process of diffusion is identification of the spatial characteristics of
information flow and resistance to adoption. (p. 19.)

Higerstrand treats innovation diffusion as an information diffusion
problem. We certainly agree that information about a new technique is a
necessary condition for the diffusion of it; but it is certainly not a sufficient
one.® Of course, the diffusion of information is not independent from the
behaviour of the supplying industry. Through international marketing and
the setting up of repair and maintenance services at home and abroad, a
considerable amount of information about the technique may be diffused.

The fact that information about a technique is a necessary condition for
its diffusion is sometimes neglected by neoclassical economists. One example
is Rosegger (1977). A reason for this neglect may be that ‘the prevailing
assumption of micro theory is that decision-makers fully ‘‘know’’ the

characteristics of all technigues available at any given moment in time’.

(Rosegger, 1977, p. 91). ‘

In the maturity phase of the S-curve, the technique has reached its potential
level of diffusion and the situation is stable until a new technique starts
to replace it.

2.2.3 SOCIAL CARRIERS OF TECHNIQUES -
AN INTERDISCIPLINARY APPROACH

Let us conclude this chapter by presenting an interdisciplinary approach
to determinants of the diffusion of techniques. It takes into account several
of the relevant factors discussed earlier in this chapter.

Diffusion of new process techniques means that they are chosen by
{additional) actors as a substitute for ‘old’ techniques fulfilling the same
or similar productive functions. The process of diffusion of techniques is
not only an economic process; it is also determined by social and political
factors. In earlier work (Edquist and Edqvist, 1939; Edquist, 1985b) the
concept of ‘social carriers of techniques’ was formulated with the intention
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to capture a broad range of determinants of the choice of techniques. We
will begin by defining the general concept of “social carriers of techniques’,

A social carrier of a technique is a social entity which chooses and
implements a technique; it ‘carries’ it into the society. It is defined in the
following way. For a certain technique to be chosen and implemented in
a specific context or situation, the technique must, of course, actually exist
somewhere in the world, i.e. it must be ‘on the shelf’. But some additional
conditions must also be fulfilled:

1 A social entity that has a subjective interest in choosing and implementing
the technique must exist.

2 This entity must be organized to be able to make a decision and also
be able to organize the use of the technique properly.

3 It must have the necessary social, economic and political power to
materialize its interest, i.e. to be able to implement the technique chosen.

4 The social entity must have information about the existence of the

technique and functionally similar ones.

It must have access to the technique in question.’

6 Finally, it must have, or be able to acquire, the necessary knowledge
about how to handle, i.e. operate, maintain and repair, the technique
(Edquist and Edqvist, 1979, pp. 31-2, Edquist, 1985b, 77).t

wh

If the six conditions listed above are fulfilled, the social entity is a social
carrier of a technigue. The carrier may be, for example, a private company,
an agricultural cooperative or a government agency.’ Every technique
must have a social carrier in order to be chosen and implemented. If the
six conditions are simultaneously fulfilled, the technique will actually be
introduced and used. In other words, the six conditions are not only
necessary but, taken together, they are also sufficient for implementation
to take place (Edquist and Edqvist, 1979, p. 32; Edquist, 1985b, p. 77).1°

This has certain implications. If, for example, one of the six conditions is
unfulfilled, it can be said to constitute an obstacle to the adoption of the tech-
nique in question. It then constitutes a constraint for the diffusion of the
technique. In policy of supporting the diffusion of new techniques, it thereby
constitutes a point of intervention. Hence, an analysis of this kind may have

‘certain policy implications. For example, an actor with an interest in adopting

a certain technique and with ambitions to become its social carrier must of
course, in its strategy or policy to achieve this, concentrate upon those condi-
tions among the six defining a social carrier which are not fulfilled. These may,
of course, be different for various actors, but also for similar or corresponding
actors situated in different structural environments. In a strategy, the missing
conditions must be identified by the policy-maker and the means to overcome
these must be sought (Edquist, 1985b, pp. 100, 105-6).1"
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The approach outlined above - just like the one presented in section 2.2.1
- is a combination of a structural and an actor-oriented perspective.!?
Many of the determinants of diffusion discussed previously also reappear
in the six conditions defining a social carrier of a technique, but in a more
general - and perhaps also more systematic — manner. The approach
incorporates economic as well as social and political factors. As a result of
the very nature of the process of diffusion of techniques, such an inter-
disciplinary approach may be advantageous. However, the economic factors
are often the more important ones, at least in capitalist countries.

This study is confined to the diffusion of flexible automation techniques
in capitalist market economies. This means that the decisions to choose these
new techniques instead of non-electronic ones are mainly taken by manage-
ments of private companies (in some cases in public companies also); they
are the main actors in the process of diffusion of the techniques.’® Let us
now very briefly try to relate the six conditions to the choice of flexible
automation techniques of firms in capitalist market economies.

1 The inrerest condition is, of course, in this case the profit motive, which
is generally agreed upon as being a major driving force behind diffusion
of techniques in capitalist countries. In section 2.2.1 we discussed some
background factors - the character of the technique and the structural
environment — which influence the profitability for firms of adopting
new techniques.

2 The condition of organization is normally fulfilled by capitalist firms,
although the introduction of flexible automation techniques may certainly
sometimes require comprehensive organizational changes.

3 The power condition is also normally fulfilled by capitalist firms.
However, legal rules may prohibit the use of certain techniques. Trade
union activity may also prevent firms from adopting them, i.e. there
may be conflicting interests within firms.

4 The condition of information is — as we have seen above - often strongly
stressed as being very important in the literature on the diffusion of
techniques.

5 The condition of access may be unfulfilled simply because of lack of
financial resources to buy the technique. Secrecy, patents as well as
embargoes and other political constraints may also restrict access to
advanced techniques in some cases,.

6 The condition of knowledge may be a substantial obstacle to the adoption
of new techniques in all countries. As we will see later on, this problem
may be particularly important for the introduction of flexible automation
techniques in developing countries. It is an example of the crucial
importance of the non-material elements in the definition of the concept
of technology.
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In the following chapters we will consider the determinants of the diffusion
of flexible automation techniques. We shall, however, concentrate on the
description of diffusion as such and be less ambitious in respect of causal
analysis. We will not, for example, try to quantify the relative importance
of various factors explaining (differences in) the diffusion of the techniques
in various countries. We will rather pursue the discussion in a more qualita-
tive manner within the conceptual framework presented above and using
the theoretical elements presented in this chapter as a point of departure.
With regard to the OECD countries, this discussion will be more implicit
than in the case of developing countries.

Notes

A similar division into stages can be made with regard to technological change

if, for example, organizational changes are included in the discussion.

2 To determine the factor-saving bias of a new technique in relation to an old
otle presupposes an assumption that relative factor prices are given. The relative
factor prices form part of the structural environment of those actors choosing
techniques. ‘

3 However, it is not possible to determine in general or a priori the relative weight
that should be given to each of the perspectives. Such a judgement can only be
made on an empirical basis and for specific cases, since the structural constraints
vaty, to a considerable extent, in different particular instances (Edquist, 1980,
p- 23; Edquist, 1985b, pp. 10-13).

4 Diffusion of a technique may be measured in various ways. Two possibilities
are (i) proportion of the firms (in an industry) which use it; (i) the share of output,
capacity or employment of labour which it accounts for in relation to the industry’s
total output, capacity or employment (Nabseth and Ray, 1974, p. 8). The
appropriateness of the various measures varies with the objective of the measuring,
The most difficult task is often to determine the potential diffusion of a technique,
i.e. the denominator in the various fractions.

5 In the rest of the article Rosenberg addresses a number of factors that may serve

as obstacles to the diffusion of new techniques, particularly in the introductory

phase of the S-curve. They are:

* Most inventions are relatively crude and inefficient at the date when they are
first recognized as constituting a new invention and improvements are therefore
necessary before rapid diffusion.

* The development of the human skills on which the use of the new technique

depends in order to be effectively exploited.

The skills and facilities in machine-making itself.

The complementarity in productive activity between different techniques.

The ‘old’ technique continues to be improved.

The institutional context can account for the very slow diffusion of a superior

technology (Rosenberg, 1976, pp. 195-210).
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All processes of social, economic and technical change are multicausally
determined. This includes, of course, diffusion of techniques. Therefore it is
always incorrect to talk about the cause of technical change or diffusion. Hence,
a study of determinants of a certain choice of technique is a question of
identifying all - or the most important - factors that result in a certain choice
of technique, i.e. causally to explain a multicausally determined process
(Edquist, 1985b, p. 12).

If the condition of information is fulfilled for an existing technique, this does
not mean that the technique is available to the social entity. The latter must
also be able to gain access to the technique in a physical sense, e.g. by purchasing
it. Therefore, it is useful to treat information and access as separate conditions,
although they are partly overlapping (Edquist, 1985b, p. 104).

The concept of social carriers of techniques was theoretically developed in a
rationalistic manner and defined in Edquist and Edqvist (1979). Tt was marginally
modified in Edquist (1985b). In Edquist (1985b) it was also used in a detailed
theory-based empirical study of determinants of the choice of technique in sugar
cane harvesting in Cuba and Jamaica from the late 1950s to the early 1980s
(Edquist, 1985b, pp. 79-106).

“Social carriers of techniques’ are specific kinds of actors. The intention is that
this ‘technique-centred’ social concept - and the six conditions defining it -
shall function as a conceptual bridge, or intermediary link, between the structure
of society and technical change, to facilitate a detailed analysis of the interaction
between techniques on the one hand and socioeconomic and political conditions
(in a wide sense) on the other (Edquist, 1985b, p. 77).

This is analytically true, and not an empirical hypothesis. The empirical work
concerns determining when the various conditions are fulfilled for which actors
and in which structural contexts (Edquist, 1985b, p. 104). Such an analysis
was carried out in Edquist, 1985b, ch. 6.

The first three conditions defining a social carrier of a technique refer to
characteristics that are inherent to the social entity. Interest, organization and
power imply the actual constitution of the social category as such. The latter
three conditions have a different character. They are related specifically to the
technique. If the first three conditions are fulfilled, information, access and
knowledge can often be acquired frem the outside world by the social entity
- through literature, trade, experts, advice through consultants etc. (Edquist
and Edqvist, 1979, p. 33).

The ‘social carriers’ approach may seem to be exclusively actor-oriented.
However, the distribution of power among the actors in the society is affected
by structural factors. The interests of various actors are also affected by structural
conditions like factor endowment and factor prices. Hence, some of the conditions
defining a social carrier are directly associated with structural phenomena. The
concept of social carriers of techniques is therefore intrinsically ‘structure-based’
in the sense that it is defined, in part, from a structural point of view. This
means that the “social carriers’ approach is less actor-oriented than it may seem
at first glance (Edquist, 1985b, pp. 78, 104).

Other relevant actors are government agencies and labour unions. A complex
interplay between firm managements, unions and governments may influence the

14
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d,ifﬁ.lsion_ of new techniques. This interplay may be harmonious or characterized
by conflicts - depending on the interest of the actors and the distribution of
power between them.

A1_1 ideal qu-antitat.ive causal explanation would require extensive and systematic
micro studies, which we have not carried out.
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Numerically Controlled
Machine Tools

3.1 The Technique

Within the engineering industry the machining function is central to the
production process. Table 3.1 shows that about 20 per cent of the time of
blue collar workers in the Swedish engineering industry in 1981 was spent
on machine tool operation. Another 10 per cent is expended on toolmaking,
setting and repair and maintenance, tasks intimately linked to the process
of cutting and forming metal. It has been estimated that there are some
3,000 different types and sizes of machine tools (Machine Tool Trades
Association, 1983). A very broad classification would be to distinguish
between metal-cutting and metal-forming machine tools. The former
accounted for 78 per cent of the stock of machine tools, in units, in the
USA in 1983 (American Machinist, 1983a).

For a very limited number of products, e.g. engine blocks, the production
volumes have - during recent decades - justified the investment in rigid,
special purpose automatic production systems, e.g. transfer lines. The bulk
of engineering products, however, are produced in small and medium
batches. Indeed one source suggests that in Japan this type of production
accounts for 70-80 per cent of the value of production (Nakao, 1983,
p- 743). The workshops catering for a diversified demand, e.g. 1,500 types
of pump, must have a very flexible production apparatus. The need for
flexibility meant, until recently, that multi-purpose and hand-operated
machine tools were used. It was thus not possible for entrepreneurs to benefit
from automation in the bulk of the engineering industry.

A number of different tasks can be identified in the operation of 2 machine
tool;

1 The workpiece is transported to the machine.
2 The workpiece is fed into the machine and fastened.
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Table 3.1 Hours worked by major categories of blue collar workers in
the Swedish engineering industry in the first quarter of 1981
as a percentage of the total

Waorker category %
Assembly workers 21.3
Machine tool operators 20.2
Quality control personnel 7.8
Warehouse workers 7.6
Welders 7.0
Transport and cleaning workers 5.1
Instructors and setters 4.4
Tool makers 3.8
Platers 31
Painters 2.7
Polishers and other surface treaters 2.3
Repair workers 2.2
Foundry workers 1.2
Other workers 11.1
Total 99.8

Source: Elaboration on the Joint Wage Statistics of the Union of Swedish Metalworkers and
the Association of Swedish Engincering Industries.

The right tool is selected and inserted into the machine.

The machine is set, e.g. operation speed is determined.

The movement of the tool is controlled.

The tool is changed.

The workpiece is taken out of the machine.

The workpiece is transported to another machine tool or to a warehouse
or to assembly.

The whole process is overlooked in case of tool breakages, etc.
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The first numerically controlled machine tool (NCMT) was developed in
the 1950s. Instead of having a worker perform tasks (4) and (5) above, the
information needed to produce a particular part was put on a medium, e.g.
a tape, and fed into a numerical control unit. By simply changing the tape,
the NCMT could quickly be switched from the preduction of one part to the
production of another. Flexibility and automation were combined. Because
of the high costs of the NCMTs and the unreliability of the numerical
control unit, the technology was not diffused widely until the early 1970s
when the numerical control unit began to be based on minicomputers. A still
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tnore significant change in the technology was the introduction of micro-
computers as the basis for the numerical control unit, a process which began
about 1975, The use of microelectronics was associated with an increase
in reliability, a simplification in programming and the automation of other
tasks, in addition to (4) and (5). Tool changing is normally automatic
today - tasks (3) and (6) — and automatic material handling equipment
is supplied by the leading firms in the industry, automating tasks (2) and
(7). Finally, the essential task of overlooking the production process —
task (9) ~ has begun to be automated through automatic diagnosis of
faults etc.

3.2 The Diffusion of Numerically Controlled Machine Tools

The rapid diffusion of NCMT's began at the end of the 1970s. Today it
is extensive, In 1983 the stock of NCMTs in the USA alone amounted to
103,000 units (American Machinist, 1983a). In table 3.2 the share of NCMTs
in total machine tool investment is shown to have increased between 1978
and 1984 in some OECD countries. In the case of Japan, there was a rise
from 15.6 per cent in 1978 to 54.3 per cent in 1984. In the case of the UK,
the share of NCMTs rose from 19 per cent in 1978 to nearly 41 per cent
in 1982, only to rise to 62.4 per cent in 1984!

Table 3.2 Share of NCMTs in total machine tool investment in
Sweden, the UK, Japan and the USA, 1978-84, as a percentage in monetary terms

Year Sweden® UK Fapan*® USA
1978 26.0 19.0 15.6 n.a.
1979 3l1.1 22.5 27.2 n.a.
1980 - 28.6 30.9 28.3 27.8
1981 30.6 44.9 29.3 30.2
1982 314 40.8 38.8 38.1
1983 55.0 54.6 47.5 43.8
1984 59.4 62.4 54.3 40.1

* Investment in metal-forming NCMTs is not included due to non-availability of data for
Japan (all years) and for Sweden 1978-82.

Sources: Sweden — for 1979-82, elaboration on data supplied by the Swedish Machine Tool
Builders’ Association. For 1978, Computers and Electronics Commission, 1981, p. 173. For
a discussion of the methods used to estimate the 1983 and 1984 data, seen. 1. UK - claboration
on Machine Tool Trades Association and Metalworking Production, 1980, 1981, 1983, 1985).
USA - elaboration on National Machine Tool Builders’ Association (NMTBA}, 1981/2, 1982/3,
1984/5. Japan - elaboration on data supplied by the Japan Machine Tool Builders’ Association,
CECIMO, NMBTA, 1984/5, and Japan Tariff Association, 1985.
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The introduction of numerical control varies tremendously, however,
depending on the type of machine tool. In 1976, only 25 per cent of the
value of production of metal-cutting machine tools in the largest OECD
countries consisted of NCMTs, a share that rose to 41 per cent in 1982
and to 56 per cent in 1984. For metal-forming machine tools,” the share
of NCMTs was only 3 per cent in 1976, 12 per cent in 1982 and 19 per
cent in 1984, Thus, NCMTs are primarily used for metal cutting as opposed
to metal forming (see appendix table 3.1).

Among the metal-cutting machine tools, it is those performing turning

operations (lathes), milling, drilling and boring operations which have been
most affected by the developments in electronics. As shown in table 3.3,
the share of NCMTs in the production of machine tools performing these
functions was already 36 per cent by 1976 and had grown to 66 per cent
in 1982 and to 76 per cent in 1984. One may note here that there was an
absolute decline in the {current) value of production of conventional boring,
milling, drilling, gear-cutting machinery, lathes, punching and shearing
machines and presses (see appendix tables 3.1 and 3.2).

Table 3.3 Share of NCMTs in total production of milling, drilling and
boring machines, lathes and machining centres in six OECD countries,’
1976, 1982 and 1984

1976 1982 1984
(US$m) (k)  (USPm) (%)  (US$m) (W)
NCMT 1,145 36 3,658 66 3,750 76
Conventional 2,005 64 1,846 34 1,157 24
Total 3,150 100 5,504 100 4,907 100

@ USA, Japan, Federal Republic of Germany, France, Italy and UK.
Source: Elaboration on data supplied by CECIMO.

NCMTs for turning, boring, drilling and milling functions can be said
to be mature technologies in terms of the S-curve concept. They had already
moved to the stage in their product cycle where standardization and mass
production was essential by the latter half of the 1970s. Today, the main
innovative efforts lie in system building, which we will deal with in
chapter 5. The mature character of the technologies is reflected in the
diffusion of these NCMTs to smaller firms too. In Japan, firms with less
than 300 employees have accounted for the majority of sales for some time
(see appendix table 3.3). In terms of stock, data from the USA in 1983 show
that 40 per cent of the number of NCMTs installed are in firms with less
than 100 employees (see appendix table 3.4). In the period 1978-83, these
firms accounted for 47 per cent of the market for NCMTs in the USA.?

Numerically Controlled Machine Tools 27

If we add to this market share approximately 15 per cent* from the group
of firms with 100+300 employees, the share of ‘medium and small firms’
in the market for NCMTs would be about the same as that in Japan in
1980-1. Hence, also in the USA the smaller and medium-sized firms have
accounted for the bulk of the market for some time.

The process of maturation of NCMTs, in particular computerized
numerically controlled (CNC) lathes and machining centres (a combined
milling, drilling and boring machine), was intimately connected to the
behaviour of the supplying industry.’ In the early 1970s, the supplying
industry had, as a rule, not yet identified NCMTs as the key product around
which they should define their strategies. Although there was some produc-
tion and sales of NCMTs, the business relations between the NCMT
producer and the buyer were mainly of a local or regional nature. The volume
of production of each NCMT producer was low and the main customers
served were the larger firms. These large firms, moreover, normally
demanded high performance machines, often with custom-designed features,

In the mid 1970s some Japanese firms started to apply a strategy which
could be labelled an ‘overall cost leadership’ strategy.® The firms had as
a basic cbjective to penetrate a very large part of the engineering industry
and this was achieved by differentiating their CNC lathes from the traditional
suppliers in the other OECD countries; by a standardization of these CNC

lathes; by an increase in the production volumes which thereby enabled

them to benefit from various sources of economies of scale. In terms of the
S-curve terminology, these firms created the point of maximum curvature
and made the industry move upwards on the S-curve.

The key factor involved in the definition of strategy was the design of
lower performance, smaller and lower cost CNC lathes than had hitherto
been the case. These lower performance and standardized CNC Jathes were
primarily aimed at the smaller and medium-sized firms. In other words,
these Japanese firms deliberately tried, and succeeded in, opening up the
large market of smaller and medium-sized firms which, as was argued in
chapter 2, often demand z slightly different type of technique than larger
firms. On the other hand, the European and US producers, very broadly
speaking, took the production problems in larger firms as the point of
departure for their design efforts.

The difference between the type of NCMTs produced in Japan and in
the other OECD countries can be illustrated by the large discrepancies in
average weight per CNC lathe produced. Whilst in 1984 the average weight
was 4.2 tons in Japan, it was 8.4 tons in the Federal Republic of Germany
(see appendix table 3.5).

The success of the Japanese firms in opening up the new market of smaller
and medium-sized firms allowed them to capture significant economies of
scale. This meant that the size of the leading firms grew in a phenomenal way
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in the period 1975-82 (see appendix tables 3.6 and 3.7). At least some of
these benefits were passed on to the consumers in terms of lower prices
on CNC lathes.”

Hence, the behaviour of the supplying industry in the case of NCMTs,
in the forms of the implementation of the ‘overall cost leadership strategy’
by some Japanese firms, had an immediate influence on the actual definition
of the S-curve and on the process of maturation of the technique.

3.3 The Industrial Distribution of
Numerically Controlled Machine Tools

Table 3.4 shows the distribution of NCMTs by machinery groups in Japan
(1981) and in the USA (1983). The general machinery sector, broadly ISIC
382, accounts for approximately half of the installations. The transport
equipment industry is the second largest user of NCMTs.

Table 3.4 Distribution of the stock of NCMTs by sector in
Japan (1981) and the USA (1983)

Fapan-© USA®

fno.) (%) (no.) (%)
General machinery 11,394 43 52,541 51
Electrical machinery 4,262 16 10,772 10
Transport equipment 6,276 23 15,284 15
Precision machinery 1,775 7 4,874 5
Metal products 1,460 5 14,463° 14
Casting/forging products 580 2 2,662¢ 3
Miscellaneous 978 4 2,712 2
Total 26,725 100 103,308 100

* The Japanese inventory covers plants with 100 employees and more. The USA inventory
covers all size classes.

* Fabricated metal products

¢ Primary metals.

Sources: Elaboration on Metalworking, Engineering and Marketing, September 1982, p. 75;

American Machinist, 1983a, p. 118-19.

Data at a more disaggregate level exist for the USA in 1983. Appendix
table 3.8 shows the number of NCMTs installed at branch level as well
as the value added in 35 branches in the US engineering industry. From
the table, we can observe that the concentration of NCMTs to a few branches
is very high. The five largest users of NCMTs account for nearly 50 per
cent of the units installed. These branches are:
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1 Miscellaneous machinery, except electrical, which means mainly what
are called ‘jobshops’.

Metalworking machinery.

Aircrafts and parts.

Construction, mining and material handling machinery.

General industrizl machinery, e.g. pumps, compressors etc.

Wk W

However, the greatest impact — on productivity etc - is not necessarily
in the same branches, since the size of the value added as well as the
importance of machining in the production process varies significantly
between the branches. In figure 3.1 we have therefore mapped out the
intensity in use of NCMTs in the different branches in the USA in 1983,
The intensity is measured by two indicators, each being an axis in the
diagram, The vertical axis shows the normalized share of NCMTs in the
total stock of machine tools in the various branches (column 7 in appendix
table 3.8). This indicator shows the likelihood of choosing NCMTs instead
of other machine tools for each branch. On the horizontal axis we have
indicated the ratio between the number of NCMTs installed and the value
added (measured in billion US$) in the branches (column 6 in appendix
table 3.8). This ratio is a rough indicator of the importance of NCMTs in
the value added process in the different branches. Thus, the further ‘north-
east’ we move in the diagram, the greater is the impact of NCMTs.

Eight branches fall in the north-east quadrant of figure 3.1. These eight
branches are therefore those which would feel the greatest impact of
NCMTs, according to both indicators of the intensity of use of these
machine tools. We may observe that ameng these eight branches are the
five branches, mentioned above, which are the largest users of NCMTs.
Thus, apart from these branches, we need to add three to the list of branches
that are most affected by this technique. These are special industrial
machinery, engines and turbines and miscellaneous transportation
equipment.

The branches found in the north-west quadrant - a total of four — have
a relatively high intensity in use of NCMTs as measured by the share of
these machine tools in the total stock of machine tools. On the other hand,
the intensity in use of NCMTs, as measured by the number of NCMTs
divided by value added in the respective branches, is low. This indicates
that machining is frequently done with NCMTs in these branches but that
machining (in general and with NCMTs) plays a relatively minor role in the
production process. Not surprisingly, three of the four branches are based
on electronic technologies as distinet from mechanical technologies. In the
south-east quadrant we find only three branches, screw machine products,
ordnance accessories and miscellaneous fabricated metal products. Screw
machine products in particular are produced in very large series, which
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suggests that non-flexible automation is used more than NCMTs. Machining
with NCMTs is, however, still a relatively important part of the value
added process, probably due to the great importance of machining in the
production process, Finally, in the south-west quadrant we have all those
branches which are not so greatly affected by NCMTs.

The distribution of NCM Ts between the various branches can, of course, be.
explained to a considerable extent by the nature of the production process. In
table 3,3 we saw that numerical control was to a very large extent applied to
machine tools performing the turning, boring, drilling and milling functions.
Indeed, in 1983, 84 per cent of the stock of NCMT's in the USA were machines
carrying out one or several of these functions (American Machinist, 1983a).
We would, of course, expect to find a wide diffusion of NCMTs in industries
where these functions play an important role in the value added process. In
order to assess the relationship between the diffusion of NCMTs and the
importance of these functions an analysis has been made for Sweden.

We correlated (a) the branchwise share of the total stock of NCMTs and
(b) the branchwise share of the number of hours worked by workers
operating milling, drilling, boring machines and lathes. The correlation
coefficient proved to be (.82 and the coefficient of determination therefore
0.67. Thus, the pattern of diffusion of NCMTs can to a very large extent
be explained by the nature of the industrial process at branch level. Still,
since these coefficients are not closer to 1, other factors explaining the choice
between conventional machine tools and NCMTs at the branch level must
also exist. In the aerospace industry, where extremely high quality is of
over-riding concern, there is a strong preference for NCMTs. In construc-
tion, mining and material handling machinery, machine tools and general
industrial machinery, there is a great demand for flexibility which again
leads to a preference for NCMTs. In contrast, some automobile components
have, traditionally, been produced in such large quantities that the flexibility
of NCMTs has not been crucial.
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The economic efficiency of (stand-alone) NCMTs is well established. The
degree of saving on the cost of production of a part varies, however, as would
be expected, from case to case. In one study of the Federal Republic of
Germany (Rempp et al., 1981), the range of total cost saving varied from
3 per cent to 40 per cent. In a Swedish study of six firms (Elsdsser and
Lindvall, 1984, ch. 8), five firms decreased their cost of production of parts
by using NCMTs (though for the sixth firm the use of NCMTs resulted
in an increased total cost of production). The maximum cost reduction
amcunted to around 50 per cent.
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Let us illustrate the economies of the choice between conventional
machine tools and NCMTs with an example. Table 3.5 shows an investment
calculation where the choice was between using CNC lathes or conventional
lathes. The calculation is based upon cost data collected from a Swedish
firm producing standardized pumps.

Table 3.5 Investment calculation comparing CNC and conventional lathes,
assuming one shift operation (Sw.kr. per unit of output)®

CNGC
Cost item lathes Conventional lathes
Machine investment p.a. 875,000 560,000
Building 126,000°
Labour 793,968 2,101,680
Total costs 1,668,968 2,787,680

2 Other assumptions are: {1) One CNC lathe operator’s annual wage (including secial security
and other costs incurred by the employer) is 96,744 Sw.kr. () A setter’s wage is 116,760
Sw.kr. One setter is used for seven CNC lathes. (3) One conventional lathe operator’s wage
is 100,080 Sw.kr. {4) The p-factor is 3, i.e. three conventional lathes are assumed to produce
as much as one CNC lathe. (5) Ten year depreciation and 15 per cent interest rate.

b Only the extra cost of buildings (i.c., for more space) associated with the choice of conven-
tional lathes is known.

Source: Jacobsson, 1986, ch. 2.

The manager of the firm took costs of investment and labour into account
in his calculation. He also incinded savings in space (i.e., cost of building)
from using CNC lathes instead of conventional lathes. He calculated with
a saving of 30 square metres saved per machine. The reason for saved space
is simply that three conventional machines take up more space than one
CNC lathe.

Given the assumptions of a depreciation time of ten years, an interest
rate of 15 per cent and one shift operation, total production costs per unit
of output in the case of CNC lathes were only 60 per cent of the case in
which conventional machine tools were used. Using the CNC lathes implied
an increase in investment costs, by 27 per cent, and a large decrease in labour
cost, by 62 per cent,

If, however, it is assumed that the CNC lathes are used in two shifts and
the conventional lathes in one shift, the results are, of course, different (see
table 3.6). This situation is common in a country like Sweden where
operators of conventional machine tools normally work only one shift whilst
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NCMTs are operated in two or even three shifts. This difference is a function
of the skill content of the operators’ work and the relative strength of the
unions vis-a-vis the employers. Total costs per unit of output with CNC
fathes in this example were only 52 per cent of those of conventional lathes.
It should also be noted that the use of CNC lathes results in a reduction
in investment costs per unit of output by nearly 16 per cent. Labour costs
are reduced by 58 per cent.

Table 3.6 Investment calculation assuming two shifts for CNC lathes
and one shift for conventional lathes (Sw.kr. per unit of output)*

CNC Conventional

Cost item lathes lathes
Investment p.a. 1,041,000 1,235,000
Labour 1,587,936 3,783,024
Total costs 2,628,936 5,018,124

a A depreciation time of 7.5 years is assumed for CNC lathes. It is also assumed that the
output of the second shift for CNC lathes is only 80 per cent of that of the first shift. The
other assumptions are the same as in table 3.5,

b The extra costs for the building are included in investment costs p.a.

Source: Jacobsson, 1986, ch. 2.

Thus, the main source of savings from the adoption of NCMTs is the
increased labour productivity. Labour cost per unit of output decreased
in this example by around 60 per cent. Pump production is, however, one
of the most advantageous applications of CNC lathes and often labour cost
per unit of output declines less than in this case.

As the example showed, NCMT adoption can either increase or save on
investment costs per unit of output, depending upon the shiftwork practice.
Another factor determining changes in the capital/output ratio is the cost
of work in progress and stocks. To the extent that the use of NCMTs can
reduce the need for stocks (by increasing the flexibility of the production
apparatus in relation to more fixed automation or by increasing the
throughput of parts), interest payments caused by stocks can be reduced.
The importance of this factor varies naturally between firms as the relative
values of parts, components and final products differ. In the pump example,
the manager did not include this aspect in his analysis since the pumps were
very cheap. In other cases (see Jacobsson, 1986, ch. 2) the use of CNC lathes
can have a capital-saving effect even assuming one shift operation on account
of this factor.

It is impossible to give a general answer to the question as to whether
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NCMTs increase or decrease the amount of capital employed per unit of
output. It seems as if it is partly a matter of the size of cost reductions for
work in progress and for stocks. The other factor which needs to be taken
into consideration, and which indeed appears to be decisive in a country like
Sweden, is the institutional restriction to the full utilization of capital in
the form of a lack of skilled workers who are willing to work shifts with
conventional machine tools. In the Swedish context, NCMTs can clearly be
capital-saving and this is to a large extent due to this factor. Indeed, in several
firms we visited the main reason for choosing NCMTs was said to be the
ability to find workers who accept shift work with the new machines. That
NCMTs are frequently capital-saving in the Swedish context is corroborated
by Boon (1984). Six out of eight firms interviewed by him claimed that
machinery investment per unit of output was less for NCMTs than for con-
ventional machine tools. In addition, practically speaking, all firms claimed
that there was a reduction in stocks, work in progress and floor space.

Finally, there has been a significant reduction in the skills per worker
needed to operate the new machine tools as well as in the number of people
required to learn these skills. An operator of NCMT clearly needs some skills
but the maximum time for an unskilled person, with a technically oriented
secondary education, to be proficient with a NCMT was said by one Swedish
firm to be 12 months at work, including in-house courses. Other firms
suggested a maximum of 6 months. By contrast, for a qualified operator
of a conventional lathe, five years’ experience is often mentioned as being
necessary to acquire proficiency. As far as the number of operators required
to produce a given output is concerned, one firm which invested in CNC
lathes needed to employ only 22 semi-skilled CNC lathe operators instead
of 44 skilled operators. In another case, 21 CNC lathe operators substituted
for 63 qualified operators. Hence for the operation of these lathes, the total
mass of skills needed has been reduced in a very significant manner, not
only because the average operator’s skills have been reduced but because
each operator produces a much greater output (Jacobsson, 1986, ch. 2).

The use of NCMTs, on the other hand, requires a set of new skills which
are not important in the case of conventional lathes. First, in addition to
the NCMT operators, setters and programmers are needed. About six to
eight NCMTs are served by one setter and one programmer. These people
are often former skilled workers who have joined the ranks of the white
collar workers, or technicians.

Secondly, the repair and maintenance task has become more complex,
mainly as regards the electronic part and interface with the mechanical parts.
Given that for most users, apart from very large firms, the electronic part
is of a ‘black box’ character, it is normal for the supplier to take over the
repair and maintenance work. Usually the supplier of the numetical control
unit provides the service on that unit while the machine tool supplier is
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responsible for the rest. It is clear that at the level of the machine, computer-
ization has increased the skill requirements for repair and maintenance.
However, as the number of machine tools is lower in the case of the use
of NCMTs, the amount of repair and maintepance work needed to produce
a given output has not necessarily increased (Senker et al., 1980),

If we translate the skill requirements into training years, we can calculate
the degree of skill-saving with the use of NCMTs. Using the example in
table 3.5, the total number of training years for the operation, setting and
programming of the NCMTs would be 15 and in the case of the conventional
lathes, 84. Hence the saving in skills amount to 82 per cent.? To this,
however, we need to add the possibility that the greater skill content of
the repair and maintenance staff of NCMTs reduces the extent of skill-saving
associated with NCMTs. Furthermore, it has to be empbhasized that certain
skills, e.g. setters and repair skills, are necessary for the proper use of
NCMTs. The number of individuals needing these skills is small, however,
in relation to the number of skilled machine tool operators required with
the use of conventional machine tools.

Of course, there is nothing inherent in the technique of NCMT's that
dictates the use of semi-skilled instead of traditional skilled operators. A
skilled worker can also operate a NCMT and will, in many cases, probably
ensure a higher rate of utilization than a semi-skilled worker, However,
the skill requirements can be reduced and the evidence suggests that on
the whole the normal pattern is that semi-skilled workers are used (interviews
with users of NCMTs, Rempp, 1982). Sometimes traditionally skilled
workers are employed, but within a work organization that does not require
the use of their full skills (Elsdsser and Lindvall, 1984, ch. 8).

As we have indicated above, NCMTs can be greatly skill-saving.® In
percentage terms per unit of output, the reduction in skill requirements
is greater than that of labour, which in turn is far greater than that of capital.
This means that the NCMTs represents a technical change, the appropriate-
ness of which is a function of the degree of scarcity of skilled labour
compared to semi-skilled labour and capital.

Notes

1 The 1978-82 data are based on official Swedish production and trade data. These
data, however, are not satisfactory for several reasons. First, the production data
appear to understate the value of production of NCMTs. This is easily
demonstrated by a comparison with sales figures from individual firms. Secondly,
for the trade data, only NC lathes, NC drilling and boring machines and NC
milling and boring machines are identified. In the production data NC boring,
grinding, polishing and lapping machines are included too. Thus, the official
data probably underestimate the importance of NCMTs in total investment in
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machine tools. In order to get a better idea of the diffusion of NCMTs we have
therefore used also data from the Swedish Machine Tool Importers Association
(SVAF). These data originate from the distributors of foreign made machine
tools. Import over apparent consumption is very high in Sweden for machine
tools, in the order of 80-85 per cent, In addition, we have used the official Swedish
data for ascertaining the value of the Swedish producers’ sales in the Swedish
market as well as in its NC share. These data are an underestimate of the NC
share but are used in the absence of other information. A complication here is
that whilst the Swedish official data are based on production and trade data the
data from SVAF are based upon orders. The SVAF data indicated that in 1983,
582 million Sw.kr. out of 1,100 million was for NCMTs, The official Swedish
data for Swedish producer sales on the Swedish market were 217 million SEK
out of which 143 million was in the form of NCMTs. Taken jointly, the figures
suggest a NC share of 55 per cent. Had the data of SVAF only been used, it
would have been 52.9 per cent. The same methods and sources were used to
estimate the 1984 figure.

Dhue to the lack of data from other countries, the data on metal-forming machine
tools come from the Federal Republic of Germany alone.

In 1978 firms with less than 100 employees had one-third of the 50,100 NCMTs
installed in the USA or 16,000 NCMTs (Watanabe, 1983, p. 22); In 1983
there were 103,000 NCMTs installed in the USA: 40 per cent, or 41,000,
of these were installed in firms with less than 100 employees. The market
for NCMTs accounted for by these firms in the period 1978-83 amounted
therefore to approximately 25,000 (41,000 — 16,000). The total market amounted
to approximately 53,000 NCMTs: 25,000 out of 53,000 equals 47 per cent.
This figure is assumed to be half of the share of NCMTs that are installed in
firms in the size group of 100-499 employees (see appendix table 3.4).
These paragraphs are based on Jacobsson, 1986, ch. 3.

This term is borrowed from Porter, 1980.

The Japanese industry captured very large shares of the world market as a result
of implementing this strategy. For the case of CNC lathes, se¢ Jacobsson (1986) for
a detailed description and analysis of the structural changes in the period 1975-84.
In this calculation, we have assumed that the training time to reach proficiency
is four years for operators of conventional machine tools and one year for operators
of NCMTs. We have further asstmed that setters and programmers have four
years’ training time. In this example seven CNC lathes are compared with 21
conventional lathes, Each has one operator. In addition, one setter and one
programmer serve the NCMTs; 21 operators of conventional machine tools have
in total 84 years® (21 x4) training time; seven CNC lathe operators have in total
seven years’ (7 x 1) training time; the setter and programmer have jointly eight
years’ (2x4) training time. In total, the use of CNC lathes is associated with
15 years’ training time (7 +8).

This saving of skilled labour per unit of output in the use of NCMTs does not,
however, necessarily mean that the average level of skill requirements of all those
invelved in production, installation, programming, setting, optimization, opera-
tion, maintenance and repair of NCMTs decreases (see further section 8.2.1).
This has to be investigated further.

——Statistical Appendix to Chapter 3 —

Sollows overleaf
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Appendix table 3.4 Distribution of NCMTs by size of firm in the UUSA in 1983

Share of total
Class of No. of stock of NCMTs
Sirne NCMTs (%)
1-19 6,508 6
20-99 35,128 34
100-499 31,950 3
500+ 29,722 29

* Classification by number of empioyees.
Source: Elaboration on American Machinist, 1983a, pp. 120, 121.

Appendix table 3.5 Average weight of CNC lathes made in Japan and
the Federal Republic of Germany (in tons)

Year Fapan FRG
1973 5.5 13.0
1974 5.8 12.9
1975 5.0 13.4
1976 4.9 13.7
1977 4.1 9.5
1978 4.0 7.4
1579 4.3 10.2
1980 4.6 9.2
1981 4.7 7.7
1982 4.8 8.2
1983 4.1 8.9
1984 4.2 8.4

Source: Jacobsson, 1986, ch. 3.
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Appendix table 3.6 Production of CNC lathes in units by the
leading firms in Europe, the USA and Japan, 1975-82 (selected years)

Top firm Average of following four firms
1975 1978 1981-2 1975 1978 1982
Europe n.a. 250 1,000 n.a. 210 590
TSA n.a. n.a. 5200 n.a, n.a. n.a.b
Japan 270 1,000 2,500 105 525 1,400

* 1980.

b Total production of CNC lathes in the USA in units amounted to 2,739 in 1980, 2,021 in
1981 and 1,489 in 1982 (National Machine Tool Builders’ Association, 198374, p. 100). As
the leading firm produces about 500 units, the next four firms must produce substantially
less per firm.

Source: Jacobsson, 1985, p. 13.

Appendix table 3.7 Production of machining centres in units by
leading firms in Japan, 1975, 1978 and 1982

1975 1978 1982

Top firm 44 165 900
Average of following four firms 39 76 675

Source: Jacobsson, 1985, p. 13.
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4
Industrial Robots

4.1 The Technique

In this study,! the following definition of industrial robots, which has been
proposed by the International Organization for Standardization (ISO), will
be used:

The industrial robot is an automatic position-controlled reprogram-
mable multi-function manipulator having several degrees of freedom
capable of handling materials, parts, tools, or specialized devices
through variable programmed motions for the performance of a variety
of tasks. . .It often has the appearance of one or several arms ending
in a wrist. Its control unit uses a memorizing device and sometimes
it can use sensing and adaptation appliances that take account of the
environment and circumstances. These multi-purpose machines are
generally designed to carry out repetitive functions and can be adapted
to other functions without permanent alteration of the equipment.
(ECE, 1985, p. 12.)

This definition is similar to the definitions used by the British Robot
Association (BRA) and by the Robot Institute of America (RIA). However,
the Japan Industrial Robot Association (JIRA) uses a much wider concept,
including all of the following automation devices (which are classified by
input formation and teaching method):

1 Manual manipulator A manipulator that is directly controlled
by an operator.

A manipulator that functions by follow-
ing a pre-established sequence.

The pre-set sequence cannot easily be
changed.

2 Sequence robot

(a) fixed sequence
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(b) variable sequence The pre-set sequence can easily be
modified.

A manipulator that can repeat any opera-
tion after being instructed by a man.
4 Numerically controlled robot A manipulating robot that receives orders
through numeric control.

A robot that can determine the functions
required through its sensing and recog-
nitive abilities.

3 Playback robot

5 Intelligent robot

On the basis of the ISO definition presented above, the ‘manual
manipulator’ and “fixed sequence’ categories would not be classified as
robots, but rather as automatic machines.? The manual manipulator and
sequence robot categories (including variable sequence robots) are of the
first robot generation. They have limited flexibility compared to second
generation robots (i.e., playback and numerically controlled robots). The
third generation robots (i.e., intelligent robots) differ from the previous
generations by their sensory ability and capability to react to changes in
their surrounding work environment.

4.2 The Diffusion of Industrial Robots

In figure 4.1 and appendix table 4.1 data on the stock of industrial robots are
shown for certain OECD countries. Figure 4.1 shows that the growth in the
stock of robots in the nine countries is remarkable. The average annual rate
of increase in the number of robots installed in these countries was 44 per
cent during the period 1974-84. However, annual cumulative growth rates
differed considerably between countries. In Japan it was 52 per cent and in
the USA it was only 27 per cent despite the fact that robots were first
developed in the USA. The dominance of Japan over other OECD countries
is striking. By the end of 1984 this one country accounted for 67 per cent of
all robots installed in the countries included in appendix table 4.1, Between
the end of 1984 and the end of 1985, the number of operating robots in
Japan increased from about 65,000 to about 93,000 (or by 43 per cent)
(Yonemoto, 1986), whilst the stocks in the USA, the Federal Republic of
Germany and the UK increased by 7,000 (54 per cent), 2,200 (33 per cent)
and 585 (22 per cent) units respectively during 1985 (Rocks, 1986, p. 3).

If we look at robot density, i.e. number of robots per 10,000 employees
in the engineering industry, Japan is also the leading country, with 123
robots (see table 4.1). Sweden is second with 70; Belgium and Italy come
next with slightly less than 30; the Federal Republic of Germany has 16
and the USA 15, i.e. only 12 per cent of Japan’s density.?
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Figure 4.1 Total stock of industrial robots in nine OECD countries. We
assume that the annual growth rate of the stock of robots for the years 1975,
1976, 1_977 was the same as for the period 1974-8. The same applies for 1979,
which is assumed to experience the same growth rate as for the period
1978-80.
(Sotrce: appendix table 4.1.)

Table 4.1 Robot density in selected OECD countries

Employment in the No. of robots per

No. of robots engineering industry 10,000 engineering
end of 1984 (ISIC 381-5) x 1,000 employees
Japan 64,657 5,275 (1980) 122.6
Swecilen 1,900 271 (1980) 70.1
Belgium 860 306 (1980) 28.1
Italy 2,700 994 (1977) 27.2
FRG 6,600 4,082 (1930} 16.2
USA 13,000 8,809 (1980) 14.8
France 3,380 2,301  (1980) 1.7
UK 2,623 3,100 (1980) 8.5

Sonrces: Number of robots, appendix table 4.1. Employment, Japan ~ Fapan Statistical Yearbook,
1983, p. 74; others - ILO, 1982, table 5B.

Industrial Robots 49

The information available to us on industrial robots in the Eastern
European countries is fragmentary. We will mention a few figures to give
some indication of the situation. In Hungary there were 17 robots installed
in 1982 (ECE, 1985, p. 64). The robot population in the Soviet Union
(including ‘simplified’ robots) was estimated at 6,000 units in 1980 (p. 50).
In the German Democratic Republic, between 9,000 and 15,000 robots
were in use in the beginning of the 1980s (manual manipulators and non-
programmable fixed sequence robots are probably included in these figures)
(p. 52). In March 1979 it was estimated that 720 robots were in use in Poland
(p. 53).

Available information on the yearly investment in industrial robots for
selected OECD countries is presented in appendix table 4.2. Japan is the
largest investor, with US$ 800 million in 1984, followed by the USA and
the Federal Republic of Germany. The global investment in 1984 was
probably in the order of US$ 1,200-1,300 million and the total number of
robots installed in that year was higher than 27,000. Of these, 65-70 per cent
were installed in Japan.

However, the investment data in appendix table 4.2 include only the
robots as such (and according to the ISO definition). If ancillary equipment
and systems engineering are included, the investment figures should be
increased by at least 70 per cent.

4.3 Applications of Industrial Robots

In terms of their applications or operational modes, industrial robots can

“be divided into three groups:

1 Handling robots: The workpiece is handled by the robot, for example,
for material handling, loading and unloading of workpieces for machine
tools, casting, pressing, injection moulding, forging, fitting etc.

2 Process robots: The tool is gripped by the robot, for example, in various
types of metal-working operations (cutting, drilling, grinding, chipping),
joining of materials (welding, glning, wiring), surface treatment (paint
spraying, surface coating, polishing) etc.

3 Assembly robots: Robots are used in the assembly of parts into com-
ponents and complete products.

The application of robots with regard to these operational modes is shown
in appendix table 4.3 for three countries. In 1980 process robots accounted
for about half of the robot population in the UK and the Federal Republic
of Germany but less than 30 per cent in the USA. Within this group spot
welding was dominant in the USA and the FRG. Assembly robots were
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very few. Hanfiﬁng robots was by far the most important category in the
USA, accounting for more than 70 per cent of the stock.

Ovef time, data are available for the UK and the FRG. Spot welding
was still the dominant application in 1984 and process robots as a whole
accoupted for as much as 60 per cent in the FRG. The proportion of
handling rf)bots has decreased in both countries. The most interesting trend
however, is the growth in the proportion of assembly robots. The numbe;~
of a-ssembly Fobots increased from 246 to 452 units, i.e. by 84 per cent
during 1984 in the FRG (appendix table 4.3). During 1985, 301 assembl);
robots were installed in the FRG, i.e. the stock increased by 67 per cent
to 753 units gRooks, 1986, p. 3). During 1986 the number of assembly robots
in 'Ehe FRQ increased by as much as 120 per cent (Lundstrém, 1987 p. 7).
This certainly looks like the beginning of a breakthrough. The as;embly
robots category seems to be entering the growth phase of its S-curve.

A very large proportion of hours worked in the engineering industry is
spent on assembly operations. In table 3.1 it was shown that assembly was
the sm_gle most time-consuming task in the Swedish engineering sector in
1981; it accounted for 21 per cent of the total number of hours worked
by blue collar workers. Hence, the possible breakthrough mentioned above
W?Uld operate in a field with a large potential. The main obstacle to the
widespread use of assembly robots has hitherto been of a technical nature
The assem.b-ly robots will have to ‘learn to see and react’ to their environ:
ment. Facilities like tactile sensors, optical sensors and versatile gripping
devices are therefore essential for robot-based assembly. Considerable
?esearcl.l and development efforts are currently being made in various
industrialized countries to solve these problems. Clearly, in a number of
cases, the technique is already so far developed that it can be usefully
mntroduced in an industrial environment. One example is the introduction
of an ASEA robot for the assembly of windscreen wipers at the Electrolux
Factory at Ankarsrum in Sweden. The wipers were designed with robot
asselpl‘)l.y‘m mind. The main benefits are lower labour cost, increased
possibilities for operation in several shifts and lower costs for work in
progress (Robot Application News, 1985, p. 3).

4.4 Industrial Distribution of Robots

The engineering industry is the main user of industria! robots in all countries.
In .1982, for exfimple, this industry accounted for 88 per cent of the value
of investment in industrial robots in Sweden (Carlsson, 1983, p. 43). In
the case of Japan, this industry accounted for 70-80 per cent of the total
robot purchase during 1976-82 (see table 4.2).

Table 4.2 shows that the automobile industry, along with the electrical
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Table 4.2 Use of robots in Japan, 197682
(percentage share of total robot purchases, in value)

1976 1977 1978 1979 1980 1981 1982

Industry
Automobiles (incl, parts) 30 34 39 38 29 30 27
Electrical machinery (and
electronics) 21 23 24 18 36 32 30
Metal products 6 3 7 8 5 5 5
Metal-working machinery 5 6 4 3 4 6 4

Other engineering products
(boilers, engines, turbines,
construction machines,
ships, precision machines etc.) 7 8 6 7 4 4 5

Total engineering industry 60 74 80 74 78 77 71
Iron, steel and non-ferrous
metals
Plastic moulding products 1
Other manufacturing
Non-industrial sectors
Exports
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Manual manipulators and fixed sequence robots are included.
Source: Yonemoto, 1981, p. 240; Yonemoto, 1982, table 3; Yonemoto, 1983, figure 3.

machinery branch, has been the largest user of robots in Japan in value
terms. The automobile industry is the main user of industrial robots in many
OECD countries. In Canada, for example, it accounted for 63 per cent of
the stock of robots installed in 1981 (OECD, 1983b, p. 42). This is partly
a result of the historical development in robot technology, which was initially
concentrated in spot welding and painting applications, both of which are
important for the automobile industry. The automobile industry can be
expected to remain a major user of industrial robots in the future. However,
it could also be argued that by now this industry has made most of its
investments in robots for welding and painting and that its relative share
of robot investments will decline in the future, in spite of the fact that many
of the robots used are gradually becoming obsolete and will have to be
replaced. On the other hand, assembly robots will probably be used to 2
large extent for automobile parts production in the future.

Table 4.3 shows the distribution of rebots within the engineering industry
for the Federal Republic of Germany, The Netherlands, Sweden and the
UK. In the UK and the FRG, transportation equipment (ISIC 384) accounts
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for more th:m half of the stock of robots. For Sweden one-third is in the
automobile industry, and for The Netherlands only 6 per cent of robot stock

is en?ployed in the whole transport equipment branch, which reflects its
relative smallness there.*

Table 4..3 Distribution of robots by sector within the engineering industry
in terms of percentage share of the total stock (in number)
of robots installed?

Sweden® Netherlands UK FRG

Branch 1983 1982 1980 1981
Metal products (ISIC 381) 10 71 24 8
Non-electrical machinery (ISIC 382) 48 13- 14 15
Electrical machinery (ISIC 383) 3 10 7 18
Transport equipment (ISIC 384) 34 6 55 59

: Excluding the professional and scientific equipment branch (ISIC 385).
The data on distribution in Sweden used here are very different from those presented for
1979 by the Computers and Electronics Commission, 1981, p. 199 and used in Edquist and
Jacobsson 1984, p. 25 and UNCTAD TT/65, p. 34.

© The automobile industry only,

Sources: Sweden, Halbert, 1985b. UK, elaboration on OECD, 1983b, p. 41. FRG and The
Netherlands, elaboration on OECD, 19383b, p. 42.

Fin_ally, it should be noted that when compared with numerica]iy controlled

fnachu-m tools (NCMTs), robots have been used on work where flexibility
is less important, e.g. on parts and products produced in larger batch sizes
anc.l in larger volumes with less variation and less reprogramming needs.
This, however, is almost certainly a consequence of the still limited technical
development of robots (UNCTAD, 1982, table 7). '
- Forty-five per cent of the stock of robots in Sweden in 1979 were found
in the seven largest firms using them. Six of these were in the engineering
industry: Ericsson, ASEA, Volvo, Sandvik, Saab-Scania and Electrolux.
These firms also accounted for 25 per cent of the total NCMT stock and
pearly 50 per cent of the total number of computer aided design-systems
in the country (Carlsson and Selg, 1982, p- 88). '

Outside the seven leading companies mentioned above, industrial robots
were found in about 100 companies. This group was dominated by firms
Wlﬂ:l only a few (1-5) robots. It may, therefore, be asumed that most robot-
using firms in Sweden have developed a capability to use robots in only
one or a few fields of application, such as welding or machine tool servicing
(Computers and Electronics Commission, 1983, p. 20).

In Italy, Fiat had over 200 and Alfa Romeo about 40 of the 353 robots
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installed in the country in 1980 (Industrial Robot, 1981b, p. 176). Fiat, Alfa
Romeo and Olivetti accounted for over 75 per cent of the robots in use
{Industrial Robot, 1981a, p. 32). Hence, the concentration of robot users
was even more pronounced in Italy than in Sweden. Of the 518 robots
installed in Spain at the end of 1984 all but 16 per cent were in the
automotive industry and Ford and General Motors’ operations in Spain took
up almost half of the Spanish robot population (Industrial Robot, 1985a,
p. 32). In Belgium 69 per cént of the robot population are in the automotive
industry (Jndustrial Robot, 1985a, p. 32). In all countries mentioned so far,
large firms seem to account for a large majority of all robots installed. In the
Federal Republic of Germany also large firms dominate and only one robot
out of nine is installed in small and medium-sized firms (Utlandsrapport,
1984, p. 1).

In the UK, however, the stock of 371 robots existing in 1980 was spread
rather thinly compared with the above-mentioned countries. There were
between 140 and 180 robot-using companies (Jndustrial Robot, 1981a, p. 32).
The number of multiple robot installations (more than 10) in one establish-
ment was still very small in the UK in 1981. The vast majority of robot
installations were of one or two robots (with the excéption of the automobile
industry). The BRA estimates that 80-100 British companies installed their
first robots in 1981 (BRA, 1982b). This probably implies that robots are
being introduced also by smaller firms, which means that a new large
potential market for robots is being opened.

4.5 The Economics of Industrial Robots

According to a study of ten robot installations in Sweden (Computer and
Electronics Commission, 1983), the dominant motive for investments in
robots seems to be to decrease labour costs. Some companies also stress
the objective of increasing the productivity of capital, through a decrease
of the amount of capital tied up in raw material and components in the
production process. Finally, many companies invest in robots in order to
advance the firm technologically, i.e. robot investments are made for
strategic reasons. In these cases, the firms do not care too much about the
short-run profitability of the individual robot investment, Instead they
consider it as an investment in learning which is expected to bring returns
in the long run.

In five of the above-mentioned ten cases of robot installation, formal
investment calculations were made ex ante. In two of these cases ex post
calculations were also carried out. Hence, formal investment calculations
were certainly not always the case, particularly when the investment was
carried out for strategic reasons, e.g. to advance the company’s technological
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capability. The most common calculation method used was the pay-off
method. In general the profitability requirements for machine investments
range between a pay-off period of one to five years, normally three, When
the internal rate of return is calculated, the requirement is normally 20-30
per cent (Computers and Electronics Commission, 1983, pp. 36-7).

_ In order to illustrate the nature and magnitude of cost-saving from the
qrrroc_iuction of industrial robots, we will refer to two examples of instaila-
tions in Sweden. The examples are described by Carlsson (1983, pp. 27-35).
Both ex ante and ex post calculations are presented.

Tl.u? first exar_nple concerns an investment in an industrial robot for
servicing a machme group consisting of two computer numerically controlled
lathes, a measuring station and a conveyor. The pay-off time in this case
was 2,68 years ex ante and 2.56 years ex post. The internal rate of return
was 36 per cent ex ante and 38 per cent ex post. Most of the cost-saving
was relate-d to labour cost. (The labour saved through robot invesiments
Isin unskilled and semi-skilled labour.) The capital cost for work in progress
also decreased, but on the whole the investment was labour-saving and
capital-using.

Tl_le_ second exa.fnple concerns an investment in two industrial robots for
servicing a m.achme group consisting of two broaching machines and a
drilling machine, connected by a conveyor. Here the number of workers
neef:led decreased from 7.6 to 2.5 for the same operation. The ex post pay-off
period was 2.4 years.

A{lother study of the profitability of industrial robots has been carried
out in the Federal Republic of Germany (Volkholz, 1982). It showed that
the pay-off period varied considerably between various applications and
dep.ended on the number of shifts per day. The shortest pay-off time was
Fegstf:red for loading and unloading of steel-shaping machines and of plastic
Injection-moulding machines as well as for welding applications. Somewhat
longer_ pay-off periods were experienced for loading and unloading of
Wm:kpleces for machine tools and for finishing mouldings. The pay-off
periods for paint spraying and assembly processes were much longer.

. If the pay-off period of an investment is less than 1.5 years, its profitability
Is generally considered very good. This was not the case in the above
mpla. Acc.ort.iing to well-informed sources (e.g. Computers and Elec-
tronics Cf)mlmssxon, 1983), the general tendency is that the profitability
of rol'.aot investments is somewhat lower than for average investments in
mac'hmery. Thx_s is not surprising since many robot investments are not
?eahzed except in the long term and are therefore not reflected in the usual
investment calculations. It must also be stressed that the calculations made
only referred to the robots as such. In order to assess significant effects
on, t:or example, capital productivity, whole production systems should be
studied. In other words, it is only when the robot is a part of a more
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comprehensive automation process that capital productivity (e.g. cost for
work in progress) can be substantially improved.

In the short run and in a limited perspective, reduced costs for unskilled
and semi-skilled labour is the most important reason for the majority of
robot investments. However, when the firm automates various segments
of the production process step by step, increased capital productivity may
in the long run become a more important consequence. It is probable that
it is not until the robot is integrated with other machines and the system
as a whole is designed to attain rapid and flexible flows of components and
parts that more positive economic or financial results can be attained.

Notes

An earlier version of this chapter was presented in Edquist and Jacobsson, 1985.

2 As we will see below, the broader definition used by JIRA leads to some non-
comparability of statistics. However, attempts will be made to adjust the Japanese
data, wherever possible.

3 We have chosen to use employment in the engineering industry-as the denominator
since most robots proper are used in this industrial sector. However, the picture
is very much the same if workforce in all manufacturing is used. It could also
be mentioned that until recently Sweden was considered to have a higher robot
density than Japan. As shown in table 4.1, this was not the case in 1984.
Moreover, it was incorrect also in 1981 and 1983, but correct in 1982. Using
data from appendix table 4.1 and the same employment data as in table 4.1 the
densities for 1980-3 were 26.5, 39.8, 41.4 and 88.6 for Japan. For Sweden they
were 29.3, 35.1, 51.6 and 59.0 respectively, In spite of this, Sweden was listed
as having a higher density than Japan in the September 1983 and the March
1984 issues of Industrial Robot (1983, p. 198; 1984, p. 41). the same is true for
a brochure published by the Swedish Industrial Robot Association in August
1984 (p. 4). These incorrect statements are caused by the severe under-estimation
of the Japanese robot population until the end of 1984, which is discussed in
note (2) to appendix table 4.1. In the March 1985 issue of the Industrial Robot,
however, the picture is corrected and Japan is listed as having a much higher
robot density than Sweden (Jndustrial Robot, 1985a, p. 30).

4 Intable 4.3 it may also be observed that metal products (ISIC 381) account for
a very high proportion of the robots in The Netherlands. (It should also be noted
that the total stock of robots in The Netherlands was only 77 units in 1982 -
ECE, 1985, p. 65.) The same is true for non-electrical machinery (ISIC 382)
in Sweden. Comparing tables 4.2 and 4.3 reveals an important difference between
Japan on the one hand and Sweden, The Netherlands, the UK and the FRG
on the other. The electrical machinery sector (including electronics) is a much
mere important robot user in Japan than in the other countries. (In comparing
these two tables it must be kept in mind, however, that the Japanese figures
include manual manipulators and fixed sequence robots. In addition, table 4.2
shows flow figures in value terms and table 4.3 shows stock figures in numbers.)
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5

Flexible Manufacturing Systems

5.1 The Technique

The diffusion of individual, or stand-alone numerically controlled machine
tools (NCMTs), has now become rapid, as shown in chapter 3. The
main development in the past decade, that is, since the introduction of
microcomputer-based numerical control units, has been the standardiza-
tion and mass production of stand-alone NCMTs. In parallel, important
developments have taken place within the fields of robotics, measuring
and ancillary equipment. The next step in the process of automating the
engineering industry is the building of production systems which are both
flexible and automated. As an overall term for these types of systems “flexible
manufacturing systems’ (FMSs) is often used although this term covers
systems of different sizes and with different degrees of automation.! In this
book, we will use the terms as specified below.

1 A flexible manufacturing module (FMM) consists of: a stand-alone
NCMT; material handling equipment, such as a robot or a pallet changer;
as well as some kind of a monitoring system. The FMM can be incorporated
as a module in a larger system (Meralworking, Engineering and Marketing,
January 1984, p. 49).

2 A flexible manufacturing cell (FMC) consists of at least two conventional
and/or NCMTs. Like the FMM, the FMC includes a material handling
device. This could be a robot serving a number of machine tools standing
in a circle or line, or automatic pallet changers in conjunction with automatic
transport between the NCMTs, e.g. some kind of conveyor (Meralworking,
Engineering and Marketing, January 1984, p. 49).

3 A flexible manufacturing system (FMS) proper contains, in Dr Warnecke’s
words (1983, p. 682), ‘several automated machine tools of the universal
or special type and/or flexible manufacturing cells and, if necessary, further
manual or automated workstations. These are interlinked by an automatic
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workpiece flow system in a way which enables the simultaneous machining
of different workpieces which pass through the syster along different routes’.

4 A flexible transfer line contains, again in Dr Warnecke’s words (1983,
p. 682), ‘several automated universal or special purpose machine tools and
further automated workstations as necessary, interlinked by an automated
workpiece flow system according to the line principle. A flexible transfer
line is capable of simultaneously or sequentially machining different
workpieces which run through the system along the same path’.

5 A fixed transfer line consists of a number of special purpose machine
tools which are designed to produce one product only. After a very long
setting time, a fixed transfer line can produce a different variant of the
product, e.g. a different size of cylinderheads.

The choice of level of automation is normally a function of the degree
of flexibility required. In figure 5.1 we can see how the choice of level of
automation is a function of the number of different types of workpieces
to be machined and the yearly production of each variant. When many
variants are produced in very small annual amounts it is still most economical
to choose stand-alone NCMTs or even conventional machine tools. As we
progress to larger annual production of fewer variants, the more complex

Yearly n
production
of each
variant
-
o
=]
o L
=
15000 — Flexible
wransfer
2000F line -
Flexible manu-
facturing system
500 Flexible
manufac-
turing
cell
25— . Stand-alone
| | | | ! | NCMTs
1-2 4 8 40 100 800

Number of different variants

Figure 5.1 Choice between different manufacturing concepts. FMMs are
not included in the figure but should cover the western part of the NCMT
area and the eastern part of the FMC area. (From Spur and Mertins, 1981.)
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will the systems become. Fixed transfer lines are normally used when there
are only one or two variants which are mass produced, whilst flexible transfer
lines are used when the number of workpieces of different kinds range
between 2 and 8. In figure 5.1, FMSs are chosen when the number of
variants is between roughly four and 100. In a review of 57 FMSs, Spur
and Mertins (1981) showed that in 72 per cent of the cases, the number
of different parts produced was less than 100 but in as many as 44 per cent
the number of different parts was less than 10. In a slightly larger survey,
(83 FMSs) we found that 77 per cent of the FMSs less than 20. Finally,
ECE (1986) reports from a study of 157 FMSs that 33 per cent produced
less than ten variants and 69 per cent less than 100 variants. Hence, a
substantial part of present FMSs are relatively inflexible.? However, it
should also be noted that almost 30 per cent of the FMSs surveyed by Spur
and Mertins (1981) produced more than 100 different parts, thus showing
that they were highly flexible. The same is true for the ECE (1986) study
where 31 per cent of the systems produced more than 100 variants.

5.2 The Diffusion of Flexible Manufacturing Systems

5.2.1 FLEXIBLE MANUFACTURING MODULES

The first step toward system development is the automation of the loading
and unloading of parts to and from a NCMT. That is, functions (2) and
(7) of those listed in section 3.1 above (see pp. 23-4). Based on, for example,
a computerized numerically controlled (CNC) lathe, functions such as the
following must be included (Nordstrim, 1983, p. 169).

¢ Flexible, easily settable, integrated handling equipment, for different
configuration of parts.

* Automatic tool change system — functions (3) and (6).

¢ Monitoring systems like tool breakage control, programmable wear time,
automatic measuring, diagnostics — function (9).

For lathes, a robot (a conventional multipurpose one or gantry type® is
used as the automatic parts changer. For machining centres, the develop-
ment of the automatic pallet changer provided the basis for unattended
machining (Bryce, 1983). For between 50 and 150 per cent of the cost of
the basic NCMT, a considerable increase in the level of automation can
take place. For example, a CNC lathe equipped with a special parts handling
unit can operate unmanned for up to six hours. This means that a third
unmanned shift can be introduced, in addition to increasing labour pro-
ductivity dramatically in the first and second shifts. As will be shown in
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chapter 7, capital productivity may also increase, although this is not always
the case.
The diffusion of such units is very recent. As Ashburn (1981) noted

The trickle of untended machines offered in Japan became a flood
at the 4. EMO [Exposition Européene de la Machine Ontil], the recent
international show in Hanover. There were more machines with robots
and loaders (nearly 200) than one would have found with any form
of NC only a few years ago.

There is, however, a long lag between the display of prototypes at exhibitions
and a significant diffusion in industry. In January 1983 the leading Japanese
firms claimed that only 10 per cent of their production of CNC lathes were
equipped with programmable devices for the material handling function.*
Similarly, the leading Swedish producer of CNC lathes sold more than 70
CNC lathes with a programmable automatic material handling device between
the end of 1979 and mid 1983 which is roughly equal to 10 per cent of CNC
lathes produced. Thus, even for this, the most simple form of system
development, diffusion was still in its introductory phase until very recently.

The rate of diffusion of FMMs appears, however, to have increased in
the past two years. For example, of the 246 CNC lathes sold in Sweden
in the period September 1984 to August 1985, 56 (23 per cent), were
installed with a dedicated material handling device (excluding those pieces
of dedicated equipment which feed automatic and CNC lathes with steelbars).
In addition, 2n estimated’ 50 CNC lathes were instalied in conjunction
with stand-alone robots that dealt with material handling (see further section
5.5). In total then, over 40 per cent of the CNC lathes sold in that period
were equipped with an automatic material handling unit.

5.2.2 FLEXIBLE MANUFACTURING CELLS

The basic component of a FMC are: 2 number of machine tools (two to
five machine tools can be seen as being the rule), not necessarily NCMTs,
and a material handling unit (frequently a robot or two). Often, the informa-
tion flow to and from the FMC is integrated into a larger control system
(DEK, 1983, pp. 27, 25).

FMCs are less flexible than stand-alone NCMTs or FMMs. Normally,
FMCs are applied to a family of compenents, e.g. shafts within a given
size range. Thus, the FMC is designed to produce a narrower range of
components than the above mentioned units. Within this range, however,
the FMC is very flexible. I

Each FMC has to be designed to suit the requirement of each customer,
although standard modules can often be used. There is therefore a great
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flow of information and a lot of consultation between the FMC supplier
and the user, which is a factor contributing to the demand’s being limited
so far mainly to large firms. Another factor leading to the predominance
9f large firms using FMC (DEK, 1983, p. 27; Warnecke, 1983) is the risks
mvol\.red in buying a FMC. It is technically complicated to link different
machines and product flows and this implies that the costs of the system
often become higher than anticipated. Furthermore, there is a risk that it
may not function very well, at least initially. It may take several years before
the system begins to pay off. The technology is, however, becoming more
reliable and a future diffusion on a large scale is anticipated (DEK, 1983,
p- 27). At the moment, however, there is a relatively limited supply of these
FMCs and several specialist producers often have to team up to supply the
system and to solve the problems of interfacing.

There are no exact data on the number of FMCs installed in the OECD
economies. A study of the data from various countries given below would,
however, indicate that the technique is stll in its introductory stage:$

1 In 1984, only 7 per cent and 9 per cent of the installed robots in the
Federal Republic of Germany and the UK, respectively, served machine
tools (see appendix table 4.3). Indeed the total number of robots serving
machine tools in the FRG was only 466 in 1984 whilst in the same
year there was an estimated total stock of 46,000 NCMTs (see table
7.2). In the UK, the total stock of robots serving machine tools was
only 213 units in 1984 whilst there was a stock of 32,500 NCMTs (see
table 7.2). ,

2 One of the largest robot producers in the world, ASEA of Sweden, have
stated that only 15 per cent of their robots are applied to machine tool
cells (Helliwell, 1983), that is, roughly 150 robots per year.” All in all,
ASEA had sold 500 robots serving machine tools {excluding presses)
by mid 1985 (Rizwi, 1985). '

3 ECE (1936) reports that there were 525 FMCs in the USA by the

;ndl of 1984. By comparison, 103,000 NCMTs had been installed
y 1983.

5.2.3 FLEXIBLE MANUFACTURING SYSTEMS?
FMSs can be said to have the following characteristics:

® The flow of tools and parts between different machine groups is
automatic: using trucks, conveyors, cranes etc. Normally, the workpiece
handling is not carried out by industrial robots, instead automatic pallet
changers and custom designed equipment are used. The relatively rare
use of robots can partly be explained by the fact that only few FMSs
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incorporate CNC lathes. Robots are often used on material handling for
CNC lathes that machine rotational parts, whereas most FMSs consist
of machining centres for the production of prismatic parts, e.g. gearbox
housing.

¢ Very low utilization of labour.

» A high flexibility (in relation to fixed transfer lines) in that the system
can quickly be switched to produce different products. The flexibility
of flexible transfer lines is less than for flexible manufacturing systems.
Warnecke (1983) distinguishes between short- and long-term flexibility.
A FMS with long-term flexibility has the ability to adapt to unforeseen
changes in the manufacturing task. Today, however, the FMS, as the
FMC, is normally designed very carefully to accommodate only a family
of parts, i.e. they are only flexible in the short term and to a limited

degree.

FMS systems are at a very early stage of their diffusion. Steinhilper (1985)
suggests that in 1984 there were 230 FMSs installed world-wide. Of these,
Japan accounted for 100, the USA for 60, the FRG for 25 and Sweden for
15. ECE (1986) suggests that there were around 350 FMSs in 1984/85. As
a comparison, Hatvany et al. (1981) estimated that there were 120 FMSs
installed world-wide in 1980. Another way of demonstrating the early stage
of diffusion of FMSs would be to compare the number of NCMTs that
are incorporated in FMSs with the total stock of NCMTs. ECE (1986)
suggests that 2,139 machine tools, not all NCMTs, were incorporated in
309 FMSs studied in 1984/85. As far as the stock of NCMTs is concerned,
we have stated that in the USA alone there were 103,000 NCMTs installed
by 1983; in the FRG there were around 46,000 NCMTs in 1984 and in
the UK there were 32,500 in 1984 (Machine Tool Trades Association and
Metalworking Production, 1985). Thus, an insignificant number — less than
1 per cent —~ of the world’s NCMTs are incorporated into FMSs. In terms
of flow, ECE (1986) estimates that 2-3 per cent of the world machine tool
market was made up by FMSs by 1985.

5.3 The Industrial Distribution of
Flexible Manufacturing Systems

Where then, in terms of industries, have FMSs been applied? In other
words, which types of products are and will be feeling the earliest impact
of FMSs?

In terms of industrial sectors, we undertook a survey which produced
information on 129 FMSs. The distribution, by sector, is shown in table 5.1.
As comparfed with the pattern of diffusion of NCMTs, we may note that
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the share of ‘non-electrical machinery’ is roughly the same, whilst that of
transportation equipment is far larger for FMSs than for NCMTs. The
reverse is true for electrical machinery and metal products.

Table 5.1 Distribution of 129 FMSs by sector

Sector No. %

Metal products (ISIC 381) 6 3
Non-electrical machinery (382) 67 52
Electrical machinery (383) 7 5
Transportation equipment (384) 46 36
Precision instrument (385) 3 2
129 100

Source: The data base for this, and subsequent tables, was assembled from the following sources:
American Machinist, 1983b; A:son-Striberg, 1983; Dupont-Gatelamond, 1983; Goebel, 1983;
Hatvany et al. 1981; Helliwell, 1983; Ingersoll Engineers, 1982; IFS Publications, 1983;
McBean, 1983; Mertens, 1981; Metalworking, Engineering and Marketing, January 1982, May
1982, July 1982, November 1982, January 1983, May 1983, July 1983, September 1983, January
1984; Mueller, 1983; Popplewell and Schmoll, 1983; Purdon, 1983; Spur and Mertins, 1981;
Wiehe, 1983.

The relatively large proportion of FMSs in the automobile industry can
largely be explained by the fact tht FMSs are often applied to large volume
production. Indeed, out of 127 FMSs for which we have information, the
parts produced in the FMSs are incorporated into automobiles and trucks
in 27 cases, or 21 per cent, Other impertant final products incorporating
parts manufactured by FMSs include machine tools, construction machinery,
tractors and aerospace components. Jointly, these final products account
for 60 per cent of installed FMSs. Other important final products are
electric motors, diesel engines, pumps, valves and compressors (see appendix
table 5.1).

Amongst the firms that have installed these FMSs, particularly notable
are Caterpillar (9), Yanmer diesel engines (5), Volvo (4), Sumitomo (4),
Ahlstrom Atlantique (3), Hitachi (3), Ford (2), International Harvester (2},
General Motors (2), IBM (2). These are all very large firms. According to
one source (Rempp, 1982), almost all FMSs installed in Japan and the USA
are found in larger companies whilst in the Federal Republic of Germany,
a third of the FMSs are installed in somewhat smaller plants with 500-1,600
employees. According to another source, most of the users of FMSs in the
world are multinational corporations (Ingersoll Engineers, 1982, p. 50).
Large firms are mainly responsible for introducing FMSs for the same
reasons as for FMCs: a need for in-house expertise and a high risk of failure,
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as well as high investment costs and, in the case of FMSs, the need for
very large outputs to justify investment.

In the FMS, production is restricted to parts or sometimes complete
components. In a sample of 103 FMSs, different types of housing, mainly
but not only for automobiles/trucks/tractors and construction machinery,
accounted for 45 per cent of the FMSs. Shafts, gear parts and cylinderheads
account for another 27 per cent (see appendix table 5.2). These products
are typically produced in fairly large volumes but with some variations in
size and with several areas of application. For example, John Deere produces
gearboxes for tractors and construction machinery in eight different variants
and with a yearly volume of altogether 50,000 units (A:son Striberg, 1983).
On the other hand, very few FMSs produce parts for unique areas of
application, in particular FMSs are not used for such products as special
industrial machinery, with the exception of machine tools. The extensive
use of FMSs in this industry can partly be explained by the fact that these
firms are the main suppliers of FMSs. In other machinery industries, the
production volumes are probably too low to justify building a FMS. For
example, special industrial machinery is normally produced in batches of
a few hundred units or less, and Volvo suggests that the minimum efficient
batch size for the use of FMSs in the production of engine blocks is 2,000
units (American Machinist, 1983b),

5.4 The Economics of Flexible Manufacturing Systems

Flexible manufacturing systems, including FMMs and FMCs, are intro-
duced to meet four general objectives:

1 Improved machine utilization. One important objective of FMSs is to
improve utilization. As Hull (1983, p. 538) puts it, ‘of the 8,760 hours
in a year available, probably 6,000 or more will pass in the typical
machine shop with plant standing idle and unattended’.

2 Reduced costs for work in progress. Long manufacturing lead times
results in high rates of interest to be paid and/or loss of interest earned.
In a conventional machine shop lead times are often very long, individual
batches can take six to nine months to complete the return trip to the
stores (Hull, 1983, p. 539). Moreover, a depressing condition applies
to the workpiece as it travels around the plant. Less than 5 per cent
of its manufacturing lead time is spent in receiving any attention, and
during less than 2 per cent of the time is value being added. Another
important objective of flexible automation is thus to reduce the cost of
work in progress (Hull, 1983, p. 538).

3 Increased labour productivity. In spite of the introduction of NCMTs,
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which has brought about increased labour productivity, the machinery
process is nevertheless a fairly labour-intensive activity. -

4 Greater flexibility of the equipment as compared to fixed automation
machipery. Faster reaction to changing market demands is emphasizeq as
a competitive tool by firms. The increased flexibility of the production
equipment also implies that the amount and cost of stocks can be reduced.

One needs, to note, however, that there are a number of ways of achievi.ng
these objectives, of which only one is applying new hardware. First, a major
factor restricting improved machine utilization in conventicnal workshops
is not technical but social. Shift work is not popular, for obvious reasons,
and in particular it is not appreciated by skilled machine tool operators.

Secondly, in order to reduce the costs for work in progress and stocks,
new organizational principles can be applied to conventional technology,
be it either manual machine tools or stand-alone NCMTs. A faster through-
put time and, therefore, an ability to react more quickly to market demand
as well as to reduce stocks, can be achieved by applying the concept of group
technology. Briefly, group technology implies establishing fs_xmili'es 9f
products, e.g shafts of different sizes, and organizing a production line in
which all the production processes that are required to complete the product
are present. Such an organization is distinct from the traditional layout
principles where all machine tools of a specific type, e.8. l.athes, are grouped
together and the workpiece is transported between different groups of
machine tools all around the factory. .

Group technology can be applied with conventional machine tools but 1s

often associated with the introduction of NCMTs. These machine tools are
then arranged in, for example, acircle. The workpiece is transported between
the machines either by hand, by conveyor or other automatic means. The
loading and unloading can also be done manually or automatically. _To the
extent that the transport of the workpiece and the loading/unloading is done
automatically we have a FMC or a FMS. One particular aspect of group
technology is that the overhead costs can be reduced. Indeed, one observer
deems this to be the main source from introducing a FMS. As Dempsey
(1983, p. 5) explains:

By closely linking operations, the FMS is bringing under control all
the overhead costs which occur between operations such as accu-
mulating batches of parts, rejected or damaged components, others
getting lost or components leaving the shop for special operations oply
to disappear for months or any of the other things that occur which
together make up the sources of delay and overhead costsina fac':tory.
Correctly applied, the FMS principle does away with mountains of
paperwork customarily associated with these obsolete factories, and
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the droves of people who handle the paperwork or spend their time
putting right things that should never have gone wrong in the first place.

Thirdly, the advantages of having automated the transport and workpiece
loading and unloading functions are mainly that the labour input is reduced
and that social restrictions to improved machine utilization in the form of
introducing several shifts are overcome.

Evidence on the economic efficiency of stand-alone NCMTs, FMMs,
FMCs and FMSs varies in availability. The economic efficiency of NCMTs
(stand-alone) is well established and was discussed in chapter 3.

As compared with stand-alone NCMTs, one advantage with FMMs is
increased labour productivity as the machining can continue untended for
some hours. Another, related, advantage is that a third, night, shift can
be introduced which increases the machine (and building) utilization,
Furthermore, the utilization time (the amount of actual machining time
in total available time) can increase due to the fact that less time is needed
for fixing the workpiece to the worktable. For machining centres this is
done outside of the machine in special stations. The reduced setting time
means greater flexibility and therefore stock levels can be reduced. The
machine can also work on through employees’ coffee breaks or lunch hours
and does not need to stop when personnel is changed from one shift to
another. Obviously this improves the machine utilization.

A FMC is an automated version of the group technology principle of
organization. As compared to the FMM, the FMC can further reduce the costs
for work in progress and stocks of final products as the workpiece is machined
completely within the group. The Boston Consulting Group (1985, p. 12)
suggests that paybacks for FMCs usually range from two to four years with
a return on investment of 2-35 per cent over the rate of inflation.

Concerning the economics of FMSs, let us consider the words of five
authorities in this field: In a study in 1981 of FMSs within the Federal
Republic of Germany, Rempp notes:

The companies were unsure about the economic efficiency of FMS.
The inquiry showed that the efficiency of the installed FMS is much
lower than assumed in many publications until now. Also a lot of
planned FMS have been cancelled as a result of feasibility studies. . .
the causes for lack of efficiency are generally in the transportation
link-up system. (1982, p. 13.)

Rempp further adds that

.. .efficiency calculations are difficult to carry out with any precision.,
Most of the systems installed so far in West Germany do not meet
the requirements of a quantified economic feasibility test. (p. 20.)
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Dempsey notes:

However, there is a fundamental and confusing problem emerging
with all this FMS activity. It is that, in general, although FMS are
known to give us 20-50% reduction in unit cost of a component or
sub-assembly, these benefits are not being felt on the all important
financial operating statement. This view is supported by the interviews
in a recent survey of more than 50 installed FMS in Europe, USA and
Japan which indicated that only two or three appeared to provide
anything like the actual financial performance predicted for them.
(1983, pp. 3, 4.)

Kobayashi notes:

The various FMSs observed at the Chicago and Osaka [exhibitions]
sites have one point in common: they are all nearing practical applica-

tion. Technically speaking, for example with regard to the linking

of machine tools and transfer system, the computers for centralized
monitoring and control use and various types of build-in sensors, the
systerns have reached the stage of practical use. . .However, it should
be pointed out that many of the FMSs we have today are still in their
infancy. Problems still remain at the economic level, which is obviously
the prime concern of the customer. . . At both shows, there were very
few builders who, when approached, could give satisfactory answers
regarding payout periods, either positive calculations or estimated
period. (1983, p. 15.)

The Swedish Computers and Electronics Commission notes:

FMSs must to a large extent be made on a custom designed basis.
This does not, however, mean that there are not good possibilities
for developing general concepts and system modules for different
application areas and system configurations. System modules are
necessary if it is going to be possible to reduce the development costs
for the individual users. (DEK, 1983, p. 30, our translation.)

The Boston Consulting Group suggests that

. .there is now growing evidence that most FMS installed in the late
70s and early 80s are plagued by technical problems which have led
to very low rates of capacity utilization and often negative financial
returns. In a number of cases, this had been expected, the systems
having been considered as R&D investments. (1985, p. 12.)
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The Boston Consulting Group also claims that

In Japan, end users are becoming increasingly aware that flexible cells
provide them with most of the benefits of automation (such as an
increase in cutting ratio, and a reduction in lead times), without the
penalties of extremely high investments and technical problems. The
cell market is already growing rapidly. (p. 13.)

Hence, in spite of the fact that FMSs mean considerable manpower
savings in comparison with conventional technology (ECE, 1986), the
economics of FMSs are still to be proved in a convincing manner. The lack of
competitiveness stems partly from the need to custom design the system®
and partly from a lack of development in the transportation and information
systems. Up until recently at least, the majority of systems were experi-
mental. Another factor is the fact that there are only a handful of firms
in the world that supply complete FMSs.

All these factors, however, are in the process of change. ECE (1986)
suggests that FMMs are becoming economically a more attractive option
than they formerly were and cites one study which claims that “typical’ cost
reductions of FMS compared with conventional systems amount to between
14 and 27 per cent. Larson (1985) cites another study which claims that
the average savings in production costs in 13 European FMSs studied
amounted to 25 per cent. In addition to reduced costs of production, both
studies, as well as Bessant and Hayward (1986), indicate that reduced lead
time is a major benefit for the user of an FMS. We would therefore expect
a faster rate of diffusion of FMS, in the next decade. However, even a
representative of one of the few suppliers of FMSs, Cincinarti Milacron,
suggested in 1983 that

Despite the present high intensity of interest and effort in FMS it
is likely to be a slowly maturing field. This is not just based on an
extrapolation of the past, but because each system is still to some extent
a research platform for the next step, and the cycle time of each
advance is 2 years. (Hull, 1983, p. 544.)

5.5 The Case of Sweden

In order to be able to provide a clearer picture of the trends towards ‘system
development’ in machining, we made a special study of Sweden. Sweden
is at the forefront in the application of new techniques (see, for example,
table 7.2) and we expect that the pattern revealed in our study will be
relevant for other leading industrial nations in the years to come.
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In this section we will first present our estimates of the stock and flow
of NCMTs, FMMs, FMCs and FMSs in Sweden. A comparison with some
other OECD countries will subsequently be made. The reader is referred
to the appendix to section 5.5 for a detailed discussion of the estimation
procedure and our sources.

In table 5.2 we have set out key data on the stock and flow of NCMTs,
FMMs, FMCs and FMSs. In addition to the number of respective tech-
niques, we have also indicated the estimated number of NCMTs that are
incorporated in the various types of systems. Finally, the share of these
NCMTs in the total stock and flow of all NCMTs is also presented.

In terms of stock figures, there were approximately 6,000 NCMTs, 200
FMCs and 15-20 FMSs in 1985. There are no available data on the stock
of FMMs. Excluding FMMs, in the order of 500-600 of the NCMTs were
part of a system. This amounts to between 8 and 10 per cent of the stock
of NCMTs.

In terms of flow figures, approximately 700 NCMTs were sold in the
period September 1984 to August 1985, Rather more than 200 of these were
estimated to-be incorporated into some kind of system. We estimate that
at least 80 FMMs were sold as well as approximately 50 FMCs and three
FMSs. Jointly, the NCMTs estimated to have been sold as a part of a system
amounted to approximately 30 per cent of the total flow of NCMTs,

Several observations can be made on the basis of these data. First, the
number of NCMTs incorporated into a system is substantially greater for
the flow figures than for the stock figures. This is especially so for FMSs,
but we should note that the flow figure for FMSs is probably an under-
estimation as the data exclude not only such FMSs as are put together
in-house by the user, see the case of Volvo Components in section 7.2.2,
but also metal-forming FMSs. Secondly, a very large part of the flow of
NCMTs, around 30 per cent, is included in some form of 2 system. Thirdly,
the diffusion of systems takes place mainly in the form of FMMs and FMCs.

The diffusion of systems in Sweden is thus most significant. It is not
possible to make a really satisfying comparison with other countries since
the equivalent data for other countries are not available to us. A preliminary
comparison can be made, however, on the basis of three sets of data.

Firstly, as is shown in table 7.2, the density in use of FMS is much greater
in Sweden than in other developed countries. Secondly, we can estimate
the diffusion of FMCs by the rate of installation of robots serving machine
tools. Data are available for the UK and for the Federal Republic of
Germany,

In the UK the number of robots sold in 1984 to serve machine tools
amounted to 48 units. In the same year, 3,897 NCMTs were sold. Making
the assumption that one robot serves 2-2.5 NCMTs, a total of 96-120
NCMTs were incorporated into FMCs where robots carry out material

Table 5.2 Key data on the estimated stock and flow of NCMTs, FMMs, FMCs and FMSs in Sweden
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Source: See appendix to section 5.5.
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handling. This amounts to at most 3.1 per cent of the NCMTs sold in 1984,
In the case of the FRG, 146 robots serving machine tools were sold in 1984,
The flow of NCMTs amounted to 8,679 in the same year (VDMA, 1985),
which rmeans that only 4.2 per cent of these would be served by robots.
The equivalent Swedish figure was between 14 and 18 per cent.

In the case of stock in the UK, there was a total of 213 robots serving
machine tools in 1984. The total stock of NCMTs amounted to approximately
32,500. Given the same assumption as above, the share of the NCMTs
served by robots would be at maost 1.6 per cent whilst the Swedish share
is in the order of 6.7 to 8.3 per cent.

Thirdly, the Boston Consulting Group (BCG) makes the following state-
ment as regards the demand for systems in the four major EEC countries:
‘Systems [flexible cell and flexible manufacturing systems] accounted for
less than 3 per cent of demand in metal cutting. ..’ (1985, p. 3). In the
case of Sweden, we estimate that in the order of 23 per cent of the value
of demand for metal-cutting machine tools was in the form of FMCs and
FMSs. If we include also FMMs, the figure would rise to 33 per cent. {For
the methods used in this estimate, see appendix to section 5.5). The BCG
estimated that the share in the four largest EEC countries would rise to
about 20 per cent in the late 1980s.

Hence, all three indicators suggest that developments in Sweden are not
representative for the OECD countries as a whole. The example of Sweden
can, however, be used to point in the direction that other European countries
will move in the years to come.

Appendix to Section 5.5; Sources for and Methods of
Estimating the Data Presented in Section 5.5

Sources for table 5.2

COLUMN (1)

NCMTs: The stock figure is based on (i) Halbert (1985a), who suggests that there
were 6,010 NCMTs at the end of 1984; (ii) an assumed growth rate of the stock
of NCMTs of between 11 and 12 per cent annually between 1980, when the stock
was 3,900 (Elsisser and Lindvall, 1984, p. 59), and the end of 1984.

The stock figure for FMCs is based on (i) Hjelm (1985), who suggests that there
were around 200 cells served by robots where each cell consists of two to four machine
tools; (ii) Rizwi (1985), who suggests that ASEA has in total sold around 100 robots
serving machine tools (excluding presses) in Sweden. He also suggests that ASEA
has 50 per cent of the Swedish market for such robots.

The stock figures for FMS, where we set a range between 15 and 20 in the case
of Swedeny¢ are based on (i) Hjelm (1985), who suggests that there were around

Flexible Manufacturing Systems 77

20 FMSs in Sweden where the handling of the workpieces is done by automatic
guided vehicles (AGVs). Through using AGVs, the flow of materials can go in any
direction within the system if it consists of several cells or machines. Of course,
it is quite possible that an AGV can serve only one cell with workpieces that are
taken from, for example, an automatic warchouse; (ii) Steinhilper (1985), who
suggests that Sweden has 15 FMSs.

COLUMN (2)

We assume that between 2 and 2.5 NCMTs are, on average, included in a FMC
and that, on average, six NCMTs are included in an FMS,

COLUMNS (4) AND (5)

In order to estimate the rate of diffusion of NCMTs and systems, a survey was made
of the sale of NCMTs in the period September 1984 to August 1985. We contacted
the distributors and producers of 19 different brands of machining centres and ten
different brands of CNC lathes plus ASEA (which dominates the Swedish robot
market). We expect that these producers and distributors account for the vast
majority of sales of these NCMTs. We asked the firms: (a) how many CNC lathes
and machining centres did you sell during the past 12 months? and (b) how many
were connected to computer controlled automatic material handling units? We
included as automatic material handling units: gantry robots and dedicated robots
for CNC lathes; automatic pallet changers with more than two pallets, AGVs or
cranes for machining centres; and multipurpose robots. We excluded bar feeding
mechanisms and gantry robots provided by the users.

In all, 246 lathes and 171 machining centres (417 units) were sold by the firms
interviewed in this time period. In the UK and the USA, around 60 per cent of
the flow of NCMTs is accounted for by these two types of NCMT. Assuming this
to be the case in Sweden also, around 700 NCMTs would have been sold in the
time period specified above.

In terms of FMM:s, a total of 56 CNC lathes were sold together with some kind
of dedicated material handling robot. Twenty-four machining centres with automatic
pallet changer and more than two pallets were sold. Together, this amounts to 80
FMMs. Of course, there could be other types of NCMTs, e.g. CNC grinding
machines, which are sold as part of an FMM, so the figure of 80 is probably an
under-estimate.

On the bases of information from Rizwi (1985) we estimate that approximately
50 stand-alone robots were sold to be part of FMCs. We also assume that 2-2.5
NCMTs are, on average, included in an FMC.

Seventeen of the machining centres sold were to be connected to AGVs or cranes
and are therefore expected to be part of FMSs. Assuming six NCMTs per FMS,
we would have three FMSs. This figure is probably an under-estimation of the flow
of FMSs since it excludes not only metal-forming FMSs but also those FMSs which
are built by the users. One example of such is found in section 7.2.2, where the
experience of Volvo Components is described. ‘
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Estimation of share of systems in total demand for
metal-cutting machine tools, in value

Approximately 130 NCMTs were sold in Sweden in the period September 1984
to August 1985 to form part of FMSs or FMCs. This amounted to approximately
19 per cent of the flow of NCMTs. Let us assume that the average price of a system
is double that of the incorporated NCMTs. We further assume that the average
unit price of those NCMTs that are fitted into a system is equal to those that are
not. This means that in terms of value we need to (a) give a double weight to those
19 per cent which are incorporated into systems (2 % 19) and (b) increase the total
investment by 19 per cent also (100+ 19). In such a case, the share, in value, of
these systems in total demand for NCMTs would amount to 32 per cent or
(2 x 19)/(100+19). We then need to caleulate the share of systems in the total value
of demand for metal-cutting machine tools. The share of NCMTs in the demand
for metal-cutting machine tools in this period was in the order of 72 per cent (see
n. 1 in chapter 3). Hence, the share of system demand to total metal-cutting demand
amounts to 23 per cent (0.32 x 0.72). If the same exercise is repeated, including

FMMs, the result is 33 per cent.

Notes

1 There is no consensus regarding these terms. For a list of definitions see ECE,

1986, p. 17.

Some of these FMSs may in fact be flexible transfer lines.

A gantry robot is a specially designed material handling robot.

Interviews with two leading CNC lathe producers in Japan.

Around 50 robots serving machine tools were sold in this time period. We assume

that most of these robots are incorporated into systems that contain at least one

CNC lathe. :

6 These data cannot be separated from those for FMMs and would include at least
some of the FMMs.

7 ASEA had 13 per cent of the world market for robots in 1981 (Bessant, 1983,
p. 35). If other robot producers have, on average, the same proportion of their
output allocated to serving machine tools, approximately 1,850 robots would
be linked to machine tools in the world in 1981-2. The output of NCMTs in
the main OECD countries in 1982 was over 40,000 units.

8§ It has not been possible to distinguish between FMSs and flexible transfer lines
in the empirical work presented below.

9 TFor an excellent description of one case se¢ Wiehe, 1983.
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Statistical Appendix to Chapter 5

Appendix table 5.1 Final products incorporating parts
manufactured by FMS

Final product No. FMS % -

Automobiles and trucks 27 21
Machine tools 22 17
Tractors and construction
machinery 1
Aerospace
Diesel engines
Electric motors
Pumps, valves and cornpressors
Hand tools, electric tools etc.
Railway equipment
Office machinery
Optical instruments
Ship engines
Material handling equipment
Sewing machines
Moulds
Confectionery machines
Foodprocessing machines
Printing machines
Turbines
Elevators
Air conditioners
Forklift trucks
Electric switchboxes
Refrigeration equipment
Weaving machines
Coal mining machinery
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Source: As table 5.1.
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Appendix table 5.2 Parts/components produced by 103 FMSs

Part/component No. %

Housing, e.g. gearbox housings,
transmission cases
Shafts, cranks and azles
Gearparts, e.g. wheels
Cylinderheads
Columns, heads and beds for
machine tools
Frames, e.g. engine frames
Engine blocks
Other cylinder parts
Brakes
Compressor parts
Connecting rods
Transmissions
Hydraulic components
Liftarm
Hubs
Valves

45
13
7
7
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3 altogether

103 100

Source: As table 5.1.

6
Computer Aided Design Systems

6.1 The Technique and its Diffusion

Although computer support has long been available for design work, it was
not until 1968-9 that an internally integrated system such as computer aided
design (CAD) was marketed and put to use. The core of a CAD system is
a graphic workstation at which the designer communicates with a computer
in an interactive process where computer graphics plays a central role. Based
on design information which is prepared in the form of geometric model
products, CAD can serve as an electronic drafting board which interactively
processes these geometric models. The designer is able to-call forth, recreate,
diversify, rotate and/or eliminate geometric elements, details or designs as
presented on the terminal display screen or as stored in the computer.
In this manner it is easy to recall and alter previously stored designs
(Lindeberg, 1983, ch. 3).

According to one source (Lindeberg, 1983, p. 59), there were around
10,000 CAD installations in the world by mid-1982. Fifty per cent of these
were located in the USA and about 35 per cent in Europe. In Sweden there
were 205 systems in use (p. 64). The number of workstations connected
to each system varied from one to ten of mMOre. If one assumes that on average
there were four workstations per system with on average three people using
each workstation, about 120,000 designers, architects and draftsmen were
using CAD in 1982, at least for some task in their work. Asa comparison,
there were 64,000 draughtsmen in the UK engineering industry alone in
1978 (Arnold and Senker, 1982, ch. 9.2). In the case of Sweden, it was
estimated that roughly 2,500 people were using CAD in their work
(Lindeberg, 1983, p. 67). The total number of designers, architects and
draughtsmen was roughly 32,000 (1983, appendix 2).

When Calma, Applicon and Computervision started to market their CAD
systems in 1968-9, they were based on large mainframe computers. Turn-
key systems were marketed, including either their own developed computers
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(e.g. Computervision) or standard computers (e.g. Calma). Later mini-
computers became common and in the early 1980s microcomputers or
personal computers (PCs) started to be used in CAD systems. The approxi-
mate minimum cost of these computers is US$1 million for mainframe
computers, US$100,000 for minicomputers and US$5,000-10,000 for PCs.
The number of workstations varies from one for PC-based systems to 50
for the largest systems based on mainframe computers, Minicomputers
have dominated the market over the past decade but their market share
is declining to the benefit of PC-based systems as well as systems based
upon large computers. Hence there is a polarization process under way
(see table 6.1 which shows hardware costs). If, however, the number of
workstations were used as the indicator instead of costs, the growth of
the PC-based systems would, of course, be shown to be much higher.
The development at the PC side is particularly interesting from the point
of view of small and medium-sized companies. At the same time the
increasing use of computer aided design (CAD) in some large engineering
firms requires increasing data storage capacity for which the large computers
are indispensable,

Table 6.1 Global CAD hardware cost by type of computer

1982 1983 1986

Large computers 5% 6% 14%
Minicomputers 90% 82% 69%
Personal computers 5% 12% 17%
Total sales (US$m) 1,530 1,900 6,940

The figures for 1983 and 1986 are a prognosis.
Source: Investigation made by Jay W. Cooper at F. Eberstadt and Co., published in The
Newsletier, no. 5, 1983 and quoted in Hansson et al., 1985,

By far the most remarkable development in CAD during the 1980s has
been the appearance and growth of the PC-based systems. The process is
similar to that at work in the case of CNC lathes and machining centres,
which began about five years earlier. PC-based software began to be
marketed in the very early 1980s. In addition to a PC and software, a plotter
is needed for a complete system and the price of these components together
is US$15,000-20,000. This should be compared to the high-end systems
which sell for US$50,000 to 120,000 per seat (Design Graphics World, 1985,
p- 28;! Moreau, 1985).

Users are finding that ‘personal computer-based systems often give them
70 per cent of the benefits for 20 per cent of the cost. . .’ (Design Graphics
World, 1985, p. 28). This is reason enough for an explosive acceptance by
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the market. As a matter of fact, a whole new market segment has emerged.
With an estimated 42,000 units installed globally at the end of March 1985,
it is believed that already more than one-third of all CAD seats are based
on PCs. The move to personal computers is expected to accelerate quickly
now that more powerful machines with better displays are in the process
of introduction. By 1990 ‘personal computer power will have increased so
much that more than nine of every 10 CAD/CAM, CAE seats will use a
personal or desktop computer’ (Design Graphics World, 1985, p. 28).2

Now more than 25 companies globally sell PC-based CAD/CAM and CAE
software for a number of applications such as mechanical and architectural
draughting, finite element analysis, solid modelling and circuit simulation.
Some of these companies are new in the CAD field and sell only PC-based
software. Most major CAD suppliers and computer companies entered or
planned to enter the market for PC-based systems during 1985, However,
established suppliers of turn-key systems experience problems because users
normally prefer to buy PC hardware independently or use computers already
installed for other purposes. It has been estimated that users spent about
US$360 million globally for PC-based CAD/CAM, CAE systems during
1984. Most of this was IBM hardware and, hence, this company seems to
be a main beneficiary of the strong trend to use PC-based CAD software
(Design Graphics World, 1985, pp. 28-9).

The leading supplier of seftware for PC-based CAD in terms of number
of units sold is Autodesk Inc. This company is based in California and
entered the US market in 1981. Whilst up to May 1985 they had in total

_sold 20,000 units of their AutoCAD system, during 1985 they were selling

more than 2,000 copies (globally) of the product every month. Autodesk
dominates the market, in terms of units, with a 44 per cent share, Second
is Chessel-Robcom Corp., with 15 per cent (Design Graphics World, 1985,
p. 28).

In Sweden, the marketing of AutoCAD was initiated in 1983, when
Autodesk established a wholly owned subsidiary. By September 1985 about
750 systems had been sold in Sweden and about the same number in
Denmark and Norway taken together (Moreau, 1985).2

Let us pause to reflect on these figures. At the beginning of this section
we mentioned that 205 CAD systems were installed in Sweden in 1982.
Again assuming an average of four workstations per system, this means 820
seats. This was before the PC-based systems were marketed. During 1983
to September 1985 one supplier alone had sold 750 PC-based systems in
Sweden, i.e. almost as many workstations as the total stock in 1982. Hence
the emergence of the PC-based systems provoked a virtual explosion in the
diffusion of CAD in Sweden. i

AutoCAD is a drafting and design system mainly for mechanical and
architectural applicarions that runs on 30 different models of personal
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computer. There are, of course, important differences between PC-based
CAD systems and the earlier, more sophisticated and much more expensive
ones. The latter can handle much larger volumes of information, carry out
solid modelling, centre of gravity calculations etc. In addition, the large
computers are much faster, e.g. a reply time of one second for these as
against 60 seconds for the smaller ones (Moreau, 1985).

Hence AutoCAD is currently more or less a drafting implement; very
cheap at the low performance end. However, the system is gradually being
improved to include other functions such as the handling of non-graphic
information like component vendors and their prices (Moreau, 1985). Hence
the degree of sophistication of this system is gradually increasing whilst
the old CAD suppliers are designing less complex systems simultaneously.
However, the latter are not as cheap as the former.

The software cost is about US$4,000 and a PC with graphics costs about
U$$6,000. A device for making paper copies (plotter, matrix printer or laser
printer) costing about US$5,000 is also needed.* Hence the total minimum
cost of a complete AutoCAD system is about US$15,000. With such a low
initial cost the risk connected with buying and trying the new technique
is negligible for most firms.> However, although the cost of the basic
system is very low, the introduction of CAD often leads to a different mode
of work in the company and thereby to related investments which may
amount to several times the cost of the first system (Moreau, 1985).

6.2 The Industrial Distribution of Computer Aided Design

Of the 10,000 CAD systems installed in the world in 1982 - i.e., before the
rapid diffusion of PC-based systems — between 15 and 30 per cent were
outside of the engineering industry, e.g. in architectural work and in the
construction and mapping industries (Lindeberg, 1983; Hatvany etal., 1981).

Within the engineering industry, data for Sweden in 1982 set out in
table 6.2 show that the electrical machinery sector branch (ISIC 383)
accounted for nearly 50 per cent of the systems installed. Transport equip-
ment (ISIC 384) accounted for 27 per cent, whilst non-electrical machinery
(ISIC 382) accounted for 23 per cent. The metal products share was as low
as 1 per cent, probably because some of the systems used for designing
building structures that could belong to the sector for metal structures were
excluded from the engineering industry. For the UK, data are available
on the sector-wise distribution of establishments using CAD in 1981.
Broadly, the same patterns as for Sweden can be seen, with the elecrical
machinery sector (383) being the largest user (see table 6.2). (It must be
kept in mind that these figures relate to the period before the turbulence
created by the emergence of PC-based CAD.)
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Table 6.2 Establishments using CAD in the engineering industry®
in the UK (1981) and Sweden (1982

Metal Non-electrical  Electrical Transport Total
products machinery  machinery equipment  engineering
(ISIC 381) (ISIC 382) (ISIC 383) (ISIC 384) industry
Country (No.) (%) (Ne.) (%) (No.) (%) (No.) (%) {No.) (%)

UK® 12 8 29 21 7 50 29 21 141 100
Sweden i 1 26 23 55 49 30 27 112 100

* Excluding the professional and scientific equipment sector (ISIC 383).

¥ The unit for the UK data is the number of establishments using CAD. The UK industrial
classification is different from that normally used by ISIC. ISIC 381 is assumed 1o corres-
pond to MHL 341, 390, 395. ISIC 382 is assumed to correspond to MHL 331-349 less MHL
341. ISIC 383 is assumed to correspond to MHL 361-369. ISIC 384 is assumed to correspond
to MHL 370-384. The source suggests that there is an under-estimation of the importance
of printed circuit boards manufacturers in their data, thus under-estimating the share of
ISIC 383.

¢ The unit for the Swedish data is number of systems installed.

Sources: For UK, elaboration on Arneold and Senker, 1982, For Sweden, elaboration on

Lindeberg, 1983.

The UK data are also available at a more detailed level. Table 6.3 shows
the ten largest user industries for CAD in 1981. Again, the dominance of
the electrical machinery industry is clearly marked and in particular the
electronics sector. Indeed, out of the five sectors accounting for nearly 50
per cent of the total number of establishments using CAD, four were
electronics-related. Apart from these applications, aerospace, motor vehicles
as well as industrial plants and steel works were relatively large users of
CAD. The traditional mechanical engineering sector was, on the other hand,
a minor user of CAD. This was also true for Sweden, where mechanical
engineering firms, apart from automobile and aerospace, used CAD only
to a very limited extent. Indeed less than 10 per cent of the establishments
using CAD in 1982 could be classified as traditional mechanical engineering
firms.¢ (Again these data do not reflect the emergence of PC-based CAD.}

Although PC-based CAD systems are of very recent origin, some observers
argue that before long nine out of ten CAD workstations will probably be
based upon them (Design Graphics World, 1985, p. 28). Table 6.4, which
shows the distribution of PC-based systems, reveals that electronic applica-
tions provide the most important user sector, as is the case for larger systems.

The use of CAD was, in the early 1980s, restricted mainly to very large
firms. Out of 25 users of CAD in the engineering industry outside of the
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Table 6.3 Largest users of CAD in the UK, 1981

Accumulated
share of total no.
Establishments of establishments

Industry using CAD (no.)  wusing CAD (%)
1 Radio, radar and electronic equipment 19 13
2 Radio and electronic components 18 25
3 Electronic computers 12 33
4 Telegraph and telephone equipment 12 41
5 Aerospace equipment 11 48
6 Industrial plant and steelwork 10 55
7 Other (mechanical) machinery 10 62
8 Motor vehicle manufacturing 9 68
9 Electrical machinery 5 71
10 Mechanical handling equipment 5 74
11 Other industries 38 100

Source: Elaboration on Arnold and Senker, 1982.

Table 6.4 PC-based CAD/CAM, CAE software market segment
in 1984 (per cent)

By unit By

shipments revenues
Electronic 34.2 51.5
Mechanical 14.5 13.2
Educational 24.8 17.2
A-E-C 26.5 18.1

2 Architectural-engineering-construction.
Source: Design Graphics World, 1985, p. 30.

electrical machinery industry in Sweden in 1982, 24 were very large firms
(Lindeberg, 1983). Among 34 CAD users interviewed in Britain by Arnold
and Senker (1982), only four had less than 500 employees and only eight
less than 1,000 employees. Within the electrical machinery industry in
Sweden, a number of smaller firms produced printed circuit boards by the
use of CAD as well as the giant firms Ericsson and ASEA. (As will be
discussed below, CAD is often an indispensable tool for electronics design.)
In total, 11 small firms used CAD in this industry, the same, in fact, as
the number of large ones.

Gomputer Aided Design Systems 87

The phenomenal diffusion of the PC-based CAD systems during the past
few years means, of course, that CAD has also become available for small
firms which - except for the electronics industry — did not use CAD in
the early 1980s. The low cost of these systems had opened up a whole new
market segment.

During 1984 approximately 250 AutoCAD software units were sold in
Sweden and a similar number in Norway and Denmark together. Half of
these units went to small and medium-sized firms (Moreau, 1985). Hence
a breakthrough occurred in this respect during the past few years. However,
this also means that large firms bought a large number of PC systems. They
can be bought without previous detailed investment calculations or tough
demands to show returns. In addition, funds of this order of magnitude
are normally available at low levels in the firm hierarchy (Ehngqvist, 1985).
It is also claimed that most of the large firms buy the small systems in order
to evaluate them and that some of the firms are now considering replacing
the older large-scale systems with PC-based ones {Moreau, 1985).

In this context it is of importance that the PC-based systems are easier
to learn to operate than the more sophisticated ones. After one week a
designer should be able to use a PC system productively and within three
months he should be able to start adding his own knowledge to the system.
This latter ability is important since practically all users must adapt programs
to their own particular field of design (Moreau, 1985).

6.3 The Economics of Computer Aided Design
The most common reasons for introducing CAD appear to be:

1 Improved productivity of designers and draughtsmen.

2 Shortening the lead time from order to delivery or from conception to
production.

3 Performing work which is too complex for manual design and drawing.

The main motives for introducing CAD vary, however, between different
industries. In the electronics industry, for the production of integrated
circuits, for example, the complexity of the product makes it very difficult
or impossible to use manual techniques. CAD is then an essential or highly
necessary too] (Kaplinsky, 1983).

In the automobile and aerospace industries, where CAD has had a rela-
tively long application, the main concern now lies in shortening the lead
time and perfecting the product design. In these industries, the cost of using
CAD is quite insignificant in relation to the total production cost. To the
extent that it can improve the competitive position of the firm through,
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for example, reducing the lead time (Giertz, 1983), CAD has been introduced
without much consideration of costs.

In the mechanical engineering industry, lead time can also be of consider-
able importance, but, according to Arnold and Senker (1982), it does
not seem to have the same general importance as in the automobile and
acrospace industries, In contrast to the electronics and other above mentioned
industries, CAD applications in the mechanical engineering sector seem
to have two characteristics:

1 There is a larger element of experimentation. Firms acquire CAD more
to learn about the technique than for immediate productivity increases
{Arnold and Senker, 1982).

2 At least some of the output of the mechanical engineering industries
is from machines tailored to the demand from each customer. Often these
firms produce variants of the same basic design, e.g. machines of dif-
ferent sizes. Examples are machines used for making paper and for
making biscuits.

The property of CAD of allowing the re-use of information fed into the
computer implies that the design and especially the draughting work in such
firms can be greatly rationalized. One early example is from the Swedish
company ASEA which made a design system for different types (sizes) of
transformers in 1976. This system is said to be very profitable (Kjellberg,
1984). Designing time for certain kinds of ASEA transformers was said to
have decreased from 3,000 hours to 40 hours due to CAD (Alam, 1986).
Designing costs for these transformers used to be an important part of the
total cost of production. With such a remarkable productivity increase
thanks to CAD, designing costs are no longer a significant part of total costs.
Similar kinds of applications are now becoming increasingly common
(Hansson et al., 1985, p. 114).

Productivity increases in the design and draughting phases are also
important for firms in the automobile, aerospace and electronic industries.
According to one source (Hatvany et al., 1981, p. 26) ‘typical’ labour
productivity ratios are 4.5 to 1 for simple design and draughting with
dimensioning and 2.5 to 1 for complex design with dimensioning. Arnold
and Senker (1982) calculated the mean of the claimed labour productivity
increases of CAD in relation to manual draughting for 24 firms and found
it to be 2.74 to 1. Analysing only the firms with some years’ experience
with CAD led to an increase in this ratio of 3.33 to 1. Kaplinsky (1983)
suggests that when CAD is used as a draughting tool the average labour
productivity ratio can be 3 to 1 with variations from no increases (in the
case of new drawings) to 20 to 1 (in the case of modifications of ‘existing
drawings). It should be noted, however, that these ratios measure only the
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work of the designers in some functions. Hence, the effect of CAD on the
total labour productivity of a design department is bound to be less.

In terms of the S-curve often used to illustrate diffusion of techniques
(see chapter 2) CAD technology in general could be said to have been in
the introductory phase until the early 1980s. In some applications, however,
electronics in particular, it had progressed into its growth phase. For most
firms using CAD the first CAD was acquired in 1976-8 or even later (e.g.,
Sweden in 1978-80). As Arnold and Senker (1982) have shown, it can take
years before the full benefits, in terms of increased productivity, can be
reaped from sophisticated CAD installations. As was argued above, the
mechanical engineering sector has been particularly slow in acquiring CAD
and the experimental motive for buying CAD has been more important
among these firms. Furthermore, only a limited number of the designers
and draughtsmen in firms employing CAD normally use the CAD system
(Lindeberg, 1983, p. 84). Finally, the number of firms using CAD was
until recently very limited in relation to the total population of engineering
firms with design activity. The high cost of investment in hardware, as well
as software, may have been a reason for this.”

The appearance of personal computer-based CAD systems, however,
seems to be changing this situation, i.e. there is now a dynamism and
turbulence in the field. In chapter 2 we mentioned that the growth phase
— in the S-curve — of the diffusion of a technique is characterized by changes
in the technique itself as well as in the type of adopters. The technique
is standardized and simplified, its price is reduced and the product is
differentiated. This is exactly what has happened to CAD technology on
the supply side in the 1980s. In addition, it has become much easier to learn
how to use the technology. All this has led to a substantial increase in the
rate of diffusion of CAD and this now includes both small and medium-
sized firms.®

The integration of CAD with the other flexible automation techniques
in firms is however in a very early stage of development. For example,
according to Lindeberg (1983), tape or program preparation for NCMTs
directly from the data in the CAD unit is very limited in Sweden. Arnold
and Senker also stress this point in the case of the UK. They state, for
example, that only one of the ten visited vehicle and aerospace establish-
ments that used CAD had made significant progress using CAD for this
purpose. They conclude:

Using our strict definition of CAD/CAM (NC preparation), we have
identified little activity to date. This is not in any way to suggest that
CAD/CAM will not be increasingly significant in the future, but it
does suggest that the process of developing CAD/CAM applications
on a wide scale may take quite a long time. (1982, p. 13.13.)
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This seems still to be true at the time of writing. An important reason for
the limited use of CAD for NC preparation is that it can provide only part
of the information required. In addition to the geometrical information
supplied by CAD, data on properties of materials etc. are needed. Thus,
additional data banks need to be built up in order to achieve what is, in
principle, a rather simple integration between different computers
{Kjellberg, 1984).

Notes

1 This excellent article, entitled “The Shakeout Begins’, is based on a study by
Datatech Inc. entitled ‘CAD/CAM, CAE: Survey, Review and Buyers’ Guide’.

2 CAM stands for computer aided manufacturing, which implies computer-based
preparation for manufacturing, e.g. NC tapes or CN C programs. There has not,
however, been much progress in the direction of CAM so far and in practice
CAD/CAM is actually only CAD. There are both organizational and techno-
economic reasons for this, although the integration has proceeded further in
electronic application than in mechanical (Ehnqvist, 1985). CAE, computer aided
engineering, means largely coordination of graphic design and calculation.

3 The global figure should be around 28,000 at the same time.

4 Tt is important to keep in mind that hardware components have alternative
applications like calculations and word-processing.

5 When a large and expensive system is bought at least US$15,000 are normally
spent only on investment calculations, and evaluations. It may also be mentioned
that pirate copies of AutoCAD software are sold for less than US$10 - in Singapore
in 1986.

6 The large durable consumer goods firm Electrolux, which is classified as a
producer in ISIC 382, had at least ten systems (Lindeberg, 1983), but this firm
is not labelled as a traditional mechanical engineering firm.

7 The software packages included in the price of CAD units often have deficiencies.
Therefore application-specific software has to be developed by the user, and only
the largest firms have been able to afford to do that.

8 As a parallel it may be mentioned that NCMTs entered into its growth phase
in the 1975-7 period.

7

Flexible Automation and
International Competitiveness

In the previous four chapters we have discussed the rapid diffusion of flexible
automation in the OECD countries. In the following two chapters, we will
analyse two issues which arise as a consequence of this diffusion. The effects
on international competitiveness within the OECD region are discussed in
this chapter, whilst chapter 8 deals with the impact of the new technology
on employment.!

We will begin here with an analysis of the quantitative impact of the new
techniques in terms of their share in the investment in fixed capital in some
OECD countries. The objective is to find out to what extent these new
techniques are important in overall investment activity in the engineering
industry. We will then put together the evidence at our disposal on the sector
and product level distribution of investment in the new techniques. We
conclude that the new techniques have a rising importance in terms of their
share in fixed investment in machinery and equipment in the engineering
sector and that for some product groups, there appears to be a greater
concentration of these techniques than for others.

Two product groups where firms appear to be particularly prone to
introduce the new techniques are pumps and automobile components.
The experience of two Swedish firms manufacturing these products at an
advanced technological level is presented. Here we also discuss the impact
of the new techniques on firms’ competitiveness. We conclude that there
is indeed a very substantial uptake of the new techniques in these firms.
This reflects that these industries are transformed into high technology ones.
However, the impact at the firm level is much muted in that the functions
to which these techniques are applied (design and machining) form only
a part of the firms’ total costs. In addition, firms® competitive strengths
are a function of a range of other factors, e.g. firm-specific design experience
Nevertheless, new production techniques can, if they are applied properly,
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give a firm the advantage of having ‘super-normal’ profits. Of course,
‘super-normal’ profits can have a significant effect on a firm’s long-term
performance.

Having drawn these conclusions, we proceed to analyse to what extent
there is an uneven diffusion of the new techniques between some OECD
countries. We conclude that there is a great deal of difference even between
the advanced OECD countries in their uptake of the new flexible automation
techniques. On the basis of a historical analysis of the case of NCMTs, we
also find that the period over which firms and countries can gain ‘super-
normal’ profits is very long indeed. Clearly then, the early adoption of new
techniques can have a significant impact on the performance of firms and
countries.

7.1 The Quantitative and Sector Impact of
Flexible Automation Techniques

In chapters 3 to 6 we discussed the benefits that may accrue to the investors
in new flexible automation techniques. Although the benefits vary in both
type and magnitude, on the whole it is clear that they improve the investor’s
position in the market. The question then arises as to the order of magnitude
of the importance of these techniques in the overall investment activity
within the engineering industry. Clearly, if a substantial impact is to be
expected, these techniques would have to account for a significant share
of the overall investment. Let us therefore turn to this issue.

Unfortunately, a complete analysis of the share of flexible automation
techniques in fixed investment in the OECD countries is not possible on
account of lack of data. However, there are data for investment in NCMTs
and in robots for some countries and for some years. These partial data
are interesting enough to warrant attention.

In appendix table 7.1 we summarize the data available for Japan, Sweden,
the UK and the USA on the share of investment in NCMTs and robots
combined as a part of the total fixed investment in machinery and equipment
in the engineering industry. In the case of Japan, the share of NCMTs and
robots rose (see column 8) from 4.7 per cent in 1977 to 18.8 per cent in
1984. The Swedish picture is roughly the same as the Japanese, whilst that
for the UK shows a somewhat lesser importance of these technologies in
the overall investment in the engineering industry. Finally, the USA appears
to be far behind, although there is a risk that the data somewhat understate
the importance of these techniques in the fixed investment in machinery
and equipment (see note (i) to appendix table 7.1). Clearly, these partial
data indicate, with the exception of the USA, a sharply rising share of
NCMTs and robots in the investment in machinery and equipment in the
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engineering industry of the OECD countries. Again, we would like to
underline the incompleteness of these data. The inclusion of CAD would
probably greatly increase the share of flexible automation techniques.
For example, CAD for the mechanical and electronic sector was sold
to a value of US$159 million in the UK in 1985 (Aronsson, 1986, p. 11).
As a comparison, sales of NCMTs in the UK amounted to US$259 million
in 1984.

Having established that flexible automation techniques account for a
significant and rising share of investments, we shall proceed to establish
which sectors and product groups are most apt to introduce these techniques.
Unfortunately, sector level data on the value of investments of the various
flexible automation techniques are not available. Table 7.1, however,
presents a summaty picture, by sector, of the distribution of the stock of
NCMTs, robots, CAD and FMSs in the engineering sector of some OECD
countries. A number of observations can be made on the basis of this table.
First, the metal product sector (ISIC 381) is badly represented in the table,
indicating a generally small importance of flexible automation techniques.
Secondly, CAD is most heavily used in the electrical machinery sector
(ISIC 383). This refers to both the larger type CAD units and the PC-based
CAD units (Design Graphics World, 1985). Thirdly, the non-electrical
machinery industry (ISIC 382) and the transport equipment industry
(ISIC 384) are fairly well represented by at least two techniques. The former
has a large part of both NCMTs and FMSs, while the latter has a large
part of both robots and FMSs.

Table 7.1 Summary of the sector-wise distribution of various flexible
automation techniques (percentage of stock, in numbers)

Technology
(country)” 381 382 383 384 385

NCMTs (USA) 15 54 11 16 5
Robots (FRG) 8 15 18 39 n.a.
CAD (UK} 9 21 50 21 n.a.
FMS (global) 5 52 5 36 2

® We have chosen to present the data from different countries as we do not have, apart from
Sweden, a complete set of data on NCMTs, robots and CAD for one country. The NCMT
pattern of diffusion is, however, much the same in other countries as in the USA; the pattern
for robots in the FRG is repeated in the UK, and the pattern for CAD in the UK is more
or less repeated in Sweden. We would therefore suggest that the table should provide a
reasonably good approximation of the glabal patiern of diffusion.

Source: NCMTs, table 3.4, We have excluded those NCMTs classified as being used in

primary metals and in miscellaneous production. Robots, table 4.3, CAD, table 6.2. FMS,

table 5.1.
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In terms of product groups affected by the diffusion of these techniques,
the high share of robots and FMSs in the transport equipment sector reflects
to a great extent the automobile industry’s rationalization programmes in the
1980s. One of the most important applications of robots is still spot welding
{appendix table 4.3), mainly in the production of automobiles. Assembly
robots are also being diffused to this industry. An important share of the
FMSs are installed in firms producing automobile components, which is
evidenced, for example, by the case of Volvo diesel engine production in
Skévde, Sweden, where three different FMSs are working (see section
7.2.2). Large CAD systems as well as PC-based CAD units are normally
also found within this industry. Hence, in this industry, we can see a
convergence of all the four technologies. Similarly, in the keavy electrical
equipment industry there is a convergence of all four techniques.

Other products also show an impact from more than one of these tech-
niques. Although not claiming to be exhaustive, the following list of product
groups would be found among those most affected by the application of
flexible automation techniques. Aircraft and parts is traditionally an industry
which is at the forefront of application of new technology. This applies also
to flexible automation techniques, apart from robots. Cutting tools, pumps,
valves and compressors are other products that use several flexible automation
techniques. In the case of cutting tools we are mainly talking about NCMTs,
robots and CAD and in the latter case the techniques in question also include
various types of FMSs. For a case study of pumps see section 7.2.1.2
Construction machinery, tractors and machine tools have a high share of the
stock of both NCMTs and FMS. Some firms are also beginning to use CAD.
Special industrial machinery is also a large user of NCMTs and this sector
is also beginning to use CAD. Electronic components are large users of CAD
and have some special NCMTs. For the products listed above the impact
of flexible automation techniques, in terms of their share of fixed investment
in machinery and equipment, would be expected to be higher than is
indicated by appendix table 7.1, which reveals the impact for the entire
engineering industry.

7.2 The Impact at Firm Level -
Evidence from Pump and Diesel Engine Manufacturing

Two product groups where firms have taken up the use of flexible automation
in an extensive way are pumps and automobile components. In this section
we will discuss the firm level impact in two Swedish firms, both world
leaders in Ehelr respective areas. The firms are Flygt AB, in the field of
submersible pumps, and Volvo Components which produces, amongst other
things, diesel engines,
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7.2.1 FLYGT AB

A submersible pump (SP) is one where the motor itself is placed in the
liquid that is to be handled by the pump. Flygt AB was one of the first
firms to produce SPs and is the world leader in the field. Flygt has more
than 50 per cent of the world market for SPs and its market share is even
higher for particular types of SP. Flygt has around 3,000 employees and
a sales value of some US$200 million. It is a full line supplier of SPs whereas
many of the other firms in the industry cover only a part of the spectrum
of SPs. Due to its ambitions of continuing to be a full range supplier in
the industry, Flygt has developed a very large design staff. Indeed, its design
staff of about 100 persons is four times that of one of its main, Japanese,
competitors (Tsurumi). This is all the more necessary since Flygt is pioneer-
ing extended applications for the technology of SPs. Indeed, 45 per cent
of their products are less than three years old. Keeping the leadership within
those segments of the industry that are more conventional, e.g. sewage
pumps, and are characterized by little or no patent protection and relatively
low barriers to entry, means that Flygt has to put a lot of emphasis on lead
time reduction, cost efficiency and marketing.

Most of the 70,000 SPs that Flygt produces annually are made in one
factory in Sweden. This factor has around 1,000 employees and the remaining
approximately 2,000 employees are involved in marketing and after-sales
service, mainly abroad. More than 90 per cent of the production is exported.
Roughly one-third of the sales vatue of the firm is generated in the factory
making the SPs; another third is generated by Flygt’s subsidiaries and the
remaining third is bought items and services needed by the subsidiaries
in their sales -activity.

The new techniques that we are studying are located mainly within
the production unit which accounts for one-third of the sales value. Within
this factory, value added accounts for 60 per cent of production value.
Hence, if the sales value in total amounts to US$200 million, approximately
40 million is value added in the production unit. It is primarily these
40 million that new manufacturing techniques can reduce and we can
immediately see that even a major increase in productivity in the value
added process will be much diluted if other components making up the
total costs stay constant. However, due to increasing competitive pressure
arising from new entrants in the industry, Flygt is heavily emphasizing
the application of new technology to stay cost-competitive. Although
such efforts result in a marginal reduction of costs in relation to its total
sales value, it may nevertheless be of great significance in relation to
profits. Indeed, Flygt is the most profitable firm in the industry and
its continued efforts to reduce prodiction costs are very probably one
significant cause of its excellent profit performance. We will briefly describe
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below the efforts of Flygt in improving cost efficiency through using flexible
automation techniques.

_ Flygt has two (large) Computervision CAD units with nine workstations
in total. One has CAM functions, i.e. it is partly used to translate designs
to programs for the NCMTs. The firm also has a number of PC-based CAD
units. The use of CAD entails a number of advantages, of which perhaps
t!1e most important is reduction in the lead time from conception to produc-
tion. This applies to both custom designed products, where this advantage
is more obvious, and to standard products.

Let us elaborate on the importance of CAD in reducing the lead time
in the design of standard SPs. Standard pumps are produced in a range
o_f varieties, e.g. in terms of sizes, The ability of CAD to reduce the lead
time means that Flygt can make all design variants and sizes practically
speaking simultaneously and thus market a whole new series of pumps
simultaneously. A competitor without CAD then has difficulties in copying
all the variants quickly, due to the sheer amount of drafting required.
_Other benefits, such as increased productivity of the designers, are also of
importance,

Flygt began investing in NCMTs in 1968 and now has 36 units. Some
50-60 per cent of the firm’s annual investments are normally made in the
forrp of NCMTs, which is very high compared to the average for the
engineering industry (see appendix table 7.1). From 1977 Flygt bought no
conventional machine tools and these are no longer even considered as an
alternative! Of the NCMTs, five are machining centres and two of these
are parts of flexible manufacturing modules (FMMs) in that they are
equipped with automatic pallet changers and have more than two pallets.
In addition, Flygt have a very large combined turning, milling and boring
machine which is also part of an FMM.

- A number of the NCMTs and FMMs are located in a new workshop which
is specially designed to produce smaller and medium-sized sewage pumps.
The motive behindririvesting in the new workshop was to solve the problem
of: being able to meet the short delivery times demanded by the market
without having excessive stocks of those products produced for anticipated
demand. The workshop is organized along the principles of group
tech'nology which means that all the machine tools needed to produce a
particular part are placed together. Therefore a component is quickly run
through all the stages of machining. Lead time can therefore be reduced
ﬁ"om weeks to days. Other advantages with this organizational principle are
simplified planning and that one operator can handle several machine tools.

In terms of the technique used, no conventional machine tools exist in
tl.le plant. One advantage with using NCMTs is that the set-up time is
vu'tua!ly zero when a part that has been produced earlier, and thus for which
there is a computer program already made, is produced again after a time
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interval. This further reduces the need for carrying stocks. In addition,
the information links between machining, stocks, assembly and testing are
all computer-based. It is paper-less production which means that there has
been a considerable saving in white collar workers. Thus, we have here
a flexible and highly automated factory for the machining of these pumps,
which are produced in quantities of 35,000-40,000 units annually. Through
the implementation of the principle of group technology in combination
with advanced techniques, Flygt can reduce costs of production (through
low labour costs, lower costs of fixed capital in the cases of at least some
systems, and lower costs for stocks and work in progress) and meet the
demands for short delivery times.

The workshop is connected to a supetior computer which in turn has
on-line links with Flygt’s 17 subsidiaries abroad. One aspect of this integra-
tion is that they have been able to reduce their global stocks - i.e. including
stocks in subsidiaries — of spare parts by approximately 20 per cent. They
are now planning the extension of this system to complete pumps. Note
that the savings here also affect the costs outside of the production unit
in Sweden,

In all areas of the design, production and marketing fields, there is
therefore a considerable introduction of new technology and, furthermore,
the various ‘islands of automation’ have to an important extent been joined
through a central computer. Flygt is in the process of approaching CIM,
i.e. computer- integrated manufacturing, which we referred to in chapter 1.

7.2.2 VOLVQ COMPONENTS

Volvo Components (VC) is a wholly owned subsidiary of the Swedish
automobile and truck producer Volvo. VC has several factories producing
components and three of them produce diesel engines. The diesel engine
division has 1,500 employees and supplies diesel engines to trucks, buses,
construction machinery and boats. For large diesel engines, that is for trucks
over 16 tons, VC is the third largest producer in the world.

One of the three diesel engine factories is at Skévde, where 60,000 diesel
engines of between 6 and 12 litres capacity are manufactured annually. vC
produces a number of components in-house, such as cylinderheads, engine
blocks, crankshafts, exhaust pipes etc. In addition, VC assembles the
engines. The value added amounts to 40 per cent of the production value.
Around 15 per cent of the production value is accounted for by the assembly
process which leaves 25 per cent for machining, overheads etc. These are
the areas mainly affected by flexible antomation techniques. In order to
reduce unit production costs, VC has put a lot of emphasis on the application
of flexible automation techniques in the past few years. We give an account
of some of these efforts below. CAD is used to only a very small extent by
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VC since the mother company provides them with all the designs. (The
mother company makes extensive use of CAD.) VC in Skivde has, however
one PC-based CAD station for the purpose of designing tools and ﬁxturesj

}_\s far as the machining technology is concerned, some components, e.g.
f:ylmderheads, are produced in fixed transfer lines where the setting time
is 20 hlours. Other articles are produced using flexible manufacturing systems
c:f various kinds. In future, VC will depart further from using fixed transfer
hne§ in favour of flexible automation.

Since 1979, there has been a virtual ‘technology explosion’ at VC. Today
the company does not buy any manual machines and in the past ten years it has
not bought any transfer line. In the section where they produce axles, shafts
general articles etc. they have recently introduced flexible techniques t{;
alarge extent. They have here around 50 NCMTs and ten industrial robots.
In _addmon, they have a large number of gantry robots which VC have
built themselves. Two of the industrizl robots are process robots and eight
serve machine tools with the handling of workpieces. All robots form parts
of FMCs or FMSs, All in all they have three FMSs and seven to eight FMCs.
They also have a few FMMs which consist of machining centres with pallet
pools. We present some examples of this new technology below.

Example 1: Production of gear case tops Some components for the diesel
engines are traditionally looked upon as very difficult to produce. Conven-
tional wisdom has regarded special machine tools and expensive fixtures
as necessary for this type of production, The old VC technology for gear
case tops consisted of 16 special and standard machine tools connected to
eg,ch other by means of conveyors. The loading and unloading of the work-
pieces was done manually and each workpiece had to pass through all the
machines. The new technology consists of three machining centres, two
other machines, two robots and a number of automatically guided vehicles
(AGVs). This system is connected to three other FMCs through the means
of the AGVs. The investment cost of the system (not including the additional
three FMCs) was in the order of US$2.5 million. In the pre-investment
calculation, VC compared the new system with buying new machine tools
?f the dated type in addition to renovating those that are no longer available
in the market. The increased capital cost (around 30 per cent) was well
corr.lpensated for by reduced labour costs. The (pre-investment) payback
period was estimated to be 3.2 years.

Example 2: Rough machining of large crankshafis In this system two
peoplf: pér shift handle 11 machine tools, e.g. two CNC lathes and one
machining centre. The machines are served by gantry robots and they also
have a number of AGVs. The superior computer communicates with the
AGVs and the gantry robots. The robots, in turn, communicate with the
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machine tools. In this system, they have reduced the number of operators
by 60 per cent and also reduced somewhat the work in progress.

In the complete crankshaft factory, the introduction of new technology
reduced the number of machines from 54 to 41, The cost of buying the old
machines today would have been 76 million Sw.kr whilst it was 89 million
Sw.kr for the new machines. The production capacity of the new machines,
however, is 33 per cent larger than for the old machines, which means that
the new technology is capital-saving as long as the utilization ratio is kept
high. The machines have also reduced the labour cost substantially. For
the 54 machines 90 workers were needed in total for two shifts; with the
new machines 40 workers are needed in total for three shifts. Hence, the
new technology is both capital- and labour-saving.

Example 3: Production of exhaust pipes This FMS consists of four
machining centres, four preparation stations, a stock of raw materials and
fixtures, two magnetically guided fork lift trucks and a superior computer.
Three persons are employed per shift and the cost of the systems was around
US$2 million. Thirty different variants of exhaust pipe for four engine
families are produced. All machines can produce all types of exhaust pipe
and the system is therefore a fully flexible one - or ‘chaotic’ as the production
people at VC call it. VC has had considerable ‘running’ problems with this
FMS, partly due to poor software delivered by a specialist firm.

Example 4: Production of small components For smaller components, VC
try to follow the principle of group technology and they have established
some seven to eight FMcs for the production of, for example, cog wheels.

VC has to a very considerable extent begun to implement the ‘factory of
the future’, although it should be noted that the implementation of these
systems has certainly not been without problems. Lessons can be drawn
as regards the need to adjust the various skills of the employees, at both
the level of factory workers and that of production planners, and also among
the suppliers of the system.

7.2.3 NEW PRODUCTION TECHNOLOGY AND COMPETITIVENESS

These examples show that pump and diesel engine manufacturing are
gradually being transformed into high technology industries. In the area
of design, CAD is being extensively used; in machining, NCMTs, FMMs,
FMCs and FMSs (including robots) are normally employed; in internal
transport, AGVs are sometimes used; in inventory control, computers have
long been used and in marketing, computers are being connected to a superior
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computer. Whilst the advantages of using these techniques are clear,
the question remains what conclusions can we draw for competitiveness
at the level of the firm and country from an early introduction of these
techniques.

Unfortunately, much of the literature on the impact of new techniques
on international competitiveness proceeds as if the determinant of the
competitiveness is fully or mainly a question of relative production costs.
New automated microelectronic controlled production techniques have,
for example, been seen as a threat to the developing countries in that
they have the potential to erode their competitive advantage in some tradi-
tional industries such as garments and shoemaking where some developing
countries have achieved a good performance, partly on the basis of an
input of cheap labour. Similarly, flexible automation has been seen as
a saviour of, for example, US industry: ‘High tech to the rescue — more
than ever, industry is pinning its hopes on factory automation’ (Business
Week, 1985, p. 84).

This focus on production costs, and on factor prices, has its intellectual
origin in the factor proportion theory of international trade. As is well known
in the literature (Gray, 1980), this theory is inadequate in explaining existing
trade flows, and therefore firms’ and countries’ international competitiveness.
The Technology Gap trade theory (Hufbauer, 1966; Soete, 1981), as well
as much literature on the border between economics and management
(Caves, 1980),% emphasize, in contrast, a range of other factors. Firms are
seen as striving to create unique assets which make them superior to their
competitors. These superior, firm-specific assets are basically dynamic in
character and are, hence, augmented by the accumulation of experience,
in research and development, design, production and marketing. Static
economies of scale can further reinforce and prolong any advantages derived
from an early technological breakthrough or from a faster accumulation of
experience in any or all of the functions in the firm.*

Thus, production costs, which are partly influenced by the techniques
adopted, is only one out of many deterrmnants of competitiveness. These
can include:

* Low production costs due to an early adoption of new technologies or
favourable factor prices.

¢ Firm-specific knowledge and skills in, for example, design and in
bargaining with suppliers.

¢ Product-specific factors, such as fixed economies of scale.

In the cases discussed here, Flygt and Volvo Components, we can make
several observations as regards the impact of the new techniques on
competitiveness,
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Firstly, the advantages to the adopters of the new technique are not limited
to a reduction in production costs but are also shown in a reduction in lead
times and in the ability to design better products.

Secondly, the modern firm in the engineering sector finds that a great
deal of its costs refer to activities other than production proper. This is seen
most clearly in the case of Flygt, where costs of production proper were
only one-fifth of the sales of the company. Hence, techniques introduced
to reduce the costs of production proper will have only a marginal impact
on the firm’s overall costs to supply the customer with the product.

Thirdly, again in the case of Flygt, the survival of the firm rests on a
range of factors other than its ability rapidly to introduce new techniques.
Flygt was a pioneering firm in the field of submersible pumps and already
in the 1950s and 1960s it expanded internationally and built an extensive
marketing network abroad. Through this network, it now enjoys consider-
able benefits from economies of scale. For its smaller competitors the
absence of such a network acts as a barrier to entry into the various markets.

Flygt also enjoys other benefits from the static scale economies that it
reaps owing to its dominant position in the industry. For example, raw
material costs can be reduced through bulk purchases, design costs,can be
spread out on a greater number of units produced etc. Furthermo &, Flygt
has, with its emphasis on design development, created significant firm-
specific skills. This applies in particular to the knowledge invélved in
applying the basic SP technology to new application areas. Due to its early
entry into new application areas, it is probable that impoertant dynamic scale
economies® will continue to arise within the firm as experience about these
new areas accumulates. The Technology Gap account of trade, where an
initial technological breakthrough gives advantages that are prolonged by
static and dynamic economies of scale, can well be applied in this case, where
Flygt’s early entry into the industry still gives it considerable advantages.
Hence, static economies of scale, firm-specific skills and dynamic economies
of scale figure as important determinants of the international competitiveness
of Flygt, in addition to Flygt’s use of new techniques.

As these examples show, there is a range of factors that need to be
considered in analysing the international competitiveness of firms and
countries. The production technology used is certainly only one out of many
determinants of competitiveness.

In chapters 3 to 6, however, we have seen that the introduction of flexible
automation techniques is normally quite profitable and in certain specific
applications these techniques can be highly profitable. Let us repeat some
examples from earlier chapters. NCMTs may reduce the cost of production
of certain parts by 50 per cent (section 3.4). The pay-off period of industrial
robots has been shown to be two to three years (section 4.5). Although FMSs
are still an immature technique their cost reduction may be substantial
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(sections 5.4 and 7.2.2), In the case of CAD the productivity of designers may
increase by several hundred per cent in certain applications (section 6.3).

Therefore, although the cost efficiency of design offices and plants cannot
always, or not even often, be expected to be the decisive factor determining
the competitive strength of firms, one can on fairly safe grounds assume
that the profit level is highly sensitive to the introduction of new techniques
and to the skill with which managers and workers apply it. That is, at the
margin, new techniques can have a significant impact on the competitiveness
of firms and countries.

7.3 A Comparison of the Level of Diffusion of Flexible
Automation Techniques in some OECD Countries

In the previous sections we have reached the following conclusions:

® The share of flexible automation techniques in investment in machinery
and equipment is significant and rising in the engineering industry,

¢ The share is considerably greater among some preduct groups than in
others, that is, there is an uneven diffusion of the techniques between
product groups.

* At the firm level in two product groups highly affected by flexible
automation techniques - pumps and automobile components (diesel
engines) - the impact of the new techniques is overwhelming in that
these firms do not acquire any of the traditional techniques any more.

* The impact of the new techniques on the overall performance of the
firms is, however, less significant, since they affect only a few dimensions
of the competitive strength of the firm, chiefly parts of the production
costs and lead titne.

Although the effects of the new techniques are muted in this way, the
lead that an early adopter can get may be of great importance. After all,
if a firm has higher than average profits for some time due to an early and
successful application of new techniques, the long-term survival and
development of the firm will be affected in a positive way. It then becomes
of interest to analyse to what extent some individual OECD countries adopt
the new techniques faster than others and to assess the length of the period
during which an early adopter can gain ‘super-normal’ profits on account
of the new techniques.

In table 7.2 we show the present density of the four techniques discussed
within five OECD countries. The measure used is the number of units of
each technique installed divided by millions of employees in the engineering
industry. From the table, two main observations can be made. First, among

Automation and International Competitiveness 103

these OECD countries, Japan and Sweden are far beyond the other three
in terms of the density in use of these techniques. The FRG, UK and USA
are broadly speaking at the same level. The exception is for CAD, where
the USA is on a par with Sweden and Japan is broadly at the level of the
FRG and UK. The relatively weak position of CAD in Japan is probably
due to the same reason that office automation equipment in general is
diffusing only slowly in Japan, namely the problems associated with using
the Japanese language in computers. In general, the diffusion of office
automation in Japan is far behind that of the USA (Sasaki, 1987).

Secondly, there is a considerable discrepancy between the four techniques
as regards the extent of the differences in density:

¢ For NCMTs the density varies between 10,505 in the UK and 22,399
in Japan, i.e. by a factor of 2.1.

¢ For CAD it varies between 1,380 in Japan and 7,011 in Sweden, i.e.
by a factor of 5.1.

* For robots it varies between 846 in the UK and 12,257 in Japan, i.e.
by a factor of 14.5.

¢ For FMSs the density varies between three in the UK and 55 in Sweden,
i.e. by a factor of 18.3.

The measure of density used is certainly imperfect and the data base is not
very solid. Hence, the results can only be scen as approximations. Still,
some further observations can be made.

The difference in density is clearly largest for those techniques that are
least mature, i.e robots and FMSs. NCMTs and CAD systems have already
proceeded quite far along their S-curves.

For the less mature techniques, i.e. robots and FMSs, Sweden and Japan
have indeed a very considerably higher density than other countries, To
the extent that these production technigques mean 2 lower cost of production
and shorter lead times, (the firms using these techniques in) these countries
will profit from a competitive advatitage in relation to {(firms not using them
in) other countries. As is suggested%jcgelatively small differences in the
densities between the five countries with respect to the more mature techno-
logies, especially NCMTs but also CAD, it is, however, probable that these
differences will be evened out when robots and FMSs become mature, i.e.
during the next 10-20 years. Hence, the competitive advantages based upon
differences in diffusion of production techniques in OECD countries would
be largely temporary in character. The period in which early adopters can
gain ‘super-normal’ profits can be expected to vary between techniques.

The hypothesis that the competitive advantages mentioned are only
temporary in character is supported by the history of diffusion of NCMTs.
The case of NCMTs may also suggest to us the length of time that it may
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take for late adopters in the QECD countries to reach the density figures
of the early adopters. The figures on stocks of NCMTs as well as densities
in the use of NCMTs for the FRG, Sweden, the UK and USA are presented
in table 7.3 for selected years between 1967 and 1984.

Table 7.3 The stock and density* of NCMTs in a number
of QECD countries

1967 1970 1976 1984

FRG

stock 730 1,930 6,644 46,435,

density 177 467 1,608 11,376
Sweden

stock 220 400 2,100 6,010

density 797 1,449 7,609 22,177
UK

stock 1,500 3,200 9,725 32,566

density 417 890 2,704 10,505
USA

stock 12,000 20,000 40,492 103,308 (1983)

density 1,645 2,741 5,551 11,728

* The density has been caleulated as the stock of NCMTs, in units, divided by millions of
employees in the engineering industry in 1971 for 1967, 1970 and 1976. The latter figure
was for the respective countries: FRG 4,132 (1972); Sweden, 0,276; UK, 3,596; USA, 7,295,
The source for these figures was ILO, 1981, table 5B, The density figures for 1934 were,
however, calculated using the 1980 data on employment, see table 4.1.

® This figure is estimated. We assumed that the average annual cumulative growth rate of
the stock of NCMTs of 22.9 per cent between 1970 and 1974 (when the stock was 4,400
according to Steen, 1976) applied also to the period 1974-6.

¢ This figure is estimated. We assumed that the average annual cumulative growth rate of
the stock of NCMTs was 11.3 per cent between 1973 and 1976. This was the rate in the
period 1973-8, as can be seen in appendix table 9.2,

Sources: Nabseth and Ray, 1974, p. 31 for stock of NCMTs in 1967 and 1970. Table 7.2 for

stock of NCMTs in 1984. Steen, 1976 for stock of NCMTs in Sweden and USA in 1976.

For stock of NCMTs in the FRG in 1976, see . (b). Appendix table 9.2 for stock of NCMTs

in the UK in 1976.

In 1967 the density varied between 177 in the Federal Republic of
Germany and 1,645 in the USA, i.e. by a factor of 9.3. In 1970 the density
varied between 467 in the FRG and 2,741 in the USA, i.e. by a factor of
5.9. In 1976 the difference in densities between Sweden, which then had
surpassed the USA, and the FRG amounted to a factor of 4.7. Finally, in
1984, the difference between Sweden and the UK, which now has the lowest
density, came to a factor of 2.1. The initial, very large difference in the
density of NCMTs gradually gave way over this 17-year period to a situation
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where the national differences were not as substantial as before. The
difference is, however, still almost 2 : 1, which is surprisingly high.

It is also interesting to note that the density was highest in the UUSA in
the early period, i.e. it was highest in the country where NCMTs were first
innovated. However, the USA lost its leading position in terms of density
to Sweden some 20 years after the time when the first NCMT was produced
{(in the early 1950s) and a decade after they began 1o be diffused on a
noticeable scale (in the mid-1960s). This points to the importance of national
suppliers in the initial stage of the diffusion of a new technique, as argued
in the discussion of the S-curve in chapter 2.5 The data also suggest that
it may take towards 20 years before a new technique is relatively evenly
diffused among countries that are so similar as these OECD countries. This
is also the time period under which the early adopters can gain ‘super-
normal’ profits from the early introduction of the new technique. Thus,
although relative production costs constitute only one of several determinants
of the competitive strength of firms and countries, the period under which
‘super-normal’ profits can be gained by early adopters is very long. An early
successful application of a new technique can therefore be of some importance
to the long-run performance of firms and countries.

On the basis of the NCMT case, it can also be noted that with regard to
differences between countries in terms of FMS and robot densities factors of
18.3 and 14.5 are not excessively high, although higher than the case of
NCMTs in 1967, However, we would emphasize that to the extent that the
emergence of FMSs marks the beginning of a broad and deep process of
change, the countries and firms that take a lead in this field may well profit
from an advantage based thereon for an even more extended period of time
than was the case of NCMTs. One reason is that FMS is not, like NCMTs, a
question of only machining in stand-alone units, but a much more ‘com-
prehensive’ and also more complex process of change. It is a question of
building extended production systems which may also be connected to CAD,
inventory control, marketing etc. The complexity of this task means that the
process of diffusion of FMS$s.is to be expected to be fraught with more
difficulties than that of stand-hi‘t);snc NCMTs. In addition, since the economic
benefits of FMSs apply to large sections of a plant, and in the future maybe
a whole plant, the ‘super-normal’ profits of early adopters may well be
relatively greater than those connected with an early adoption of NCMTs.

Notes

1 The effects of the new technelogy on the competitiveness of the OECD countries
as a group in relation to the developing countries will be discussed in chapter 12.

2 Bessant and Hayward (1986) report four FMSs or FMCs used for pump produc-
tion in the UK.
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3 As Caves puts it in a review article on the concepts and theoretical framework
of the positive economics of corporate strategy: “The firm rests on contractual
relations that unite and coordinate various fixed assets or factors, some of them
physical, other consisting of human skills, knowledge, and experience — some
of thern shared collectively by the managerial hierarchy. These factors are assumed
to be semipermanently tied to the firm by recontracting costs and, perhaps,
market imperfections. An. ..implication of these heterogeneous fixed assets is
that the firm can succeed. . .in a given market by possessing superior assets of
any of several types. Equally successful market rivals thus may employ quite
different bundles of fixed asset qualities...The standard model of perfect
competition assumes these fixed factors away’ (1980, p. 65).

4 In Hufbauer’s words: ‘Technology gap trade is therefere the impermanent
commerce which initially arises from the exporting nation’s industrial break-
through, and which is prolonged by static and dynamic scale economies flowing
from that breakthrough® (1966, p. 29). As Jacobsson (1986, ch. 3) shows in the
case of computer controlled machine tools, the technology gap trade does not
necessarily have to apply to the introductory phase only. Indeed, in this case
it was the Japanese producers who, on the basis of new design concepts introduced
in the growth phase of the product life cycle, could capture benefits of economies
of scale ahead of their competitors and on this basis create a long-term competitive
edge.

5 Dynamic economies of scale refer to the firm-specific benefits that come out
of an accumulation of experience in the firm, be it in the design, production
or marketing spheres. Static economies of scale are product-specific and result
in a reduction in the unit cost as production volume per unit time increases,
at least up to a certain point.

6 The relatively strong position of the US in terms of CAD diffusion is probably
connected to the US dominance in the CAD supplying industry.

follows overleaf

—  Statistical Appendix to Chapter 7——
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Appendix table 7.1 notes continued
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Flexible Automation and Employment

8.1 Introduction

The relation between technical change and (un)employment has been
discussed for centuries. In the present period of high unemployment in
most of the OECD countries, which has occurred simultaneously with the
diffusion of microelectronic-based automation techniques, e.g. flexible auto-
mation, the interest in the employment consequences of technical change
has increased. In this chapter we will focus upon quantitative as well as
qualitative employment aspects of automation in the engineering industry.!
The problem of technical change and employment will be discussed at
different levels - the machine level, the firm level, the national and, to some
extent, the international level. We consider it crucial to pursue the analysis
at these various levels of aggregation.

In section 8.2 we will discuss technical change and employment at the
machine level with respect to the four techniques addressed in this book.
It concludes in section 8.2.5, with an estimation of the total employment
consequences of the introduction of these techniques. Section 8.3 is devoted
to determinants of the level of (un)employment other than technical change,
e.g. various compensation effects and political factors,

The relation between technical change and employment is a complex one.
First, the employment situation in a country may be both a (partial) deter-
minant? of technical change as well as a consequence thereof. Secondly,
technical change is only one of many variables which determine the level
of employment. It is still true, however, that the four techniques dealt
with in this book are labour-saving, i.e. the amount of labour needed
per unit of output is reduced with the application of these techniques.
Before going into more detail about the employment consequences of
flexible autm%: it may be appropriate to look at the trends in employ-
ment in the engineering industries of certain countries (see table 8.1).
Between 1971 @ 1980 employment, as measured in number of employees,
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decreased in three of the countries listed, whereas in the USA, engineering
employment increased by 12 per cent.

Table 8.1 Employment in the engineering industry,
in thousand employees

1971 1975 1980
USA 7,295 7,724 8,809
FRG 4,132 (1972) 3,948 4,082
Sweden 276 305 271
UK 3,596 3,364 3,100
Japan n.a. n.a. 5,275
Total 15,299 15,341 16,262

* Including Japan, 21,537.
Source: ILO, 1981, table 5B; ILO, 1982, table 5B.

8.2 Technical Change and Employment at the Machine Level
8.2.1 NUMERICALLY CONTROLLED MACHINE TOOLS

To be specific about the employment consequences of flexible automation,
it is necessary first to look at the problem at a disaggregated level, e.g. at
the level of the machine. Let us start by looking at the employment con-
sequences, both quantitative and qualitative, of the introduction of NCMTs,
Before we do this, we should make clear what we mean by the term ‘replace’.
We mean a case where there are less jobs with the new techniques than
there would have been with the old ones, had output expanded in the same
way. A ‘replacement’ would therefore not necessarily mean that people have
been made redundant by the new technique (Palmer et al., 1984, p. 21).

In an analysis carried out elsewhere (Palmer et al., 1984, pp. 24-3), we
reached the conclusion that, on average, one NCMT substitutes for two
jobs. In table 7.2, we saw that the total stock of NCMTs was estimated
to be 118,157 in Japan in 1984 and 103,308 in the USA in 1983. Hence,
over 236,000 jobs in Japan and 206,000 jobs in the USA had been “replaced’
through the use of NCMTs instead of conventional machine tools. This
represents 2.3 per cent of the engineering labour force in the USA in 1980
and 4.5 per cent of the engineering labour force in Japan in the same year.
Hence, the labour replacement effect of the introduction of NCMTs is
significant.

The economic efficiency of stand-alone NCMTs is well established, and
manifested through their rapid diffusion. The main source of saving arises
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from the increased labour productivity. They save on operators of manual
machine tools, i.e. they save on skilled labour through two mechanisms.
First, the large increases in labour productivity that can be attained imply
that the skilled labour content per unit of output is reduced. Secondly,
through the use of NCMTs, it is possible to de-skill the job of the machine
tool operator. The de-skilling process is, however, not an automatic one
and is certainly not exclusively determined by the new technique.

There are, in fact, many ways of using NCMTs and there are several ways
in which a firm can organize the work of running NCMTs. The operator
can be anything from a ‘robot-like’ loader and unloader of the NCMT to
a very skilled operator who does the programming, setting and optimization
as well as other, less qualified, tasks. However, several empirical studies
suggest that, in most cases, there has in fact been a de-skilling in the operator
work as compared to the use of conventional machine tools.> When this
is the case, however, a limited number of very qualified jobs as programmers
and setters are simultaneously created. In addition, more gualified personnel
are needed for the maintenance and repair of the NCMTs. It seems safe
to argue, however, that the amount of skilled labour per unit of output
declines with the use of NCMTs.4

8.2.2 INDUSTRIAL ROBOTS

The dominant motive for investments in industrial robots is to decrease labour
costs. The labour saved through robot investments is unskilled and semi-
skilled labour. The extent of labour displacement varies considerably
between applications. It is often assumed that each robot, on average,
replaces two manual workers, although sometimes it is argued that five
workers are replaced by one robot. In appendix table 4.1 we saw that the
total number of robots installed in the OECD countries was somewhat less
than 100,000 by the end of 1984, Hence, at least 200,000 jobs have so far
been ‘replaced’ by robots in the OECD countries. In Sweden the stock of
robots was about 1,900 units by the end of 1984 (see appendix table 4.1).
Hence the gross replacement effect would have been 3,800 jobs with the
(low) assumption that two jobs are replaced by one robot. In total there
were about 271,000 employees in 1980 in the Swedish engineering industry.
Thus the substitution effect is equivalent to about 1.4 per cent of the
engineering labour force.

Bowever, jobs are also created by robotics, mainly in four areas: robot
manufacturers, suppliers to robot manufacturers, robot systems engineering
and jobs(Within robot-using firms. Those who work in robot-using firms
maintain and repair robots, while those in robot systems engineering execute
the applications engineering requirements for installations of robot systems
(Hunt, 1984 p. 12).
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Hu_nt’s study (1984) has estimated that for each job displaced by robotics
0.3.2 ](?bs are created in the USA in the four areas mentioned above. Thus,
again 1n the Swedish case, using Hunt’s estimate, about 1,200 jobs would
have been created, leaving the net replacement to be 2,600 or less than
1 per cent of the blue collar labour force in engineering.

Hunt- suggests (p. 13) that 14.5 per cent of the jobs created by robotics
are engineers and 38.3 are technicians, i.e. persons with training to test,
progran'{,-msta.ll, troubleshoot or maintain robots, As we know, a basic
precond1y10n for the use of robots is that the work is already very repetitious
and requires almost no skills, except sometimes physical strength and powers
of epdurance. Robots are also sometimes used in dangerous and dirty work
environments. Accordingly, the jobs created and the jobs displaced through
rol'Jotu:s do not match up very well. The jobs eliminated tend to be semi-
skilled or upskllled, while more than 50 per cent of the new jobs created
demd a significant technical background. This has been called the skill
nist (Hunt, 1984, p. 14). Hence, the introduction of robots is, on the whole,

p;)s_it:)ve in terms of consequences for skill requirements and the quality
of jobs.

8.2.3 COMPUTER AIDED DESIGN SYSTEMS

CAD systems normally increase the productivity of designers and draughts-
men, after a period during which they learn how to use the equipment.
Hel}ce, the introduction of such systems means that a smaller number of
engineers are needed to undertake a given amount of design work. In
otl.ler words, the main employment implication of CAD is that it saves
skilled labour.

Let us, in a very speculative manner, try to guestimate how many jobs
are replaced by the diffusion of CAD. In chapter 6 we saw that there were
about 10,000 CAD systems installed in the world in mid-1982, i.e. before
Fhe rapid diffusion of the PC-based systems. Assuming that the number
mcre?sed by 25 per cent per year, we would have about 20,000 systems
by mid-1985. If each system has four workstations we would, in total, have
SO,QQO workstations in mainframe- and minicomputer-based systems, In
addition, there were 42,000 PC-based CAD workstations. In total, this
would give us about 120,000 CAD workstations globally.

' The labour productivity increases from the use of CAD can — as we saw
in ch?.pter 6 — vary very much depending on the specific application (new
drawings, modifications, etc.). However, a conservative estimate would be
3tol (§ee chapter 6). This ratio refers, however, to only those tasks where
the designer or draughtsman uses the CAD system. Certainly these people
do not use CAD during their entire working day. Assuming that they use
the CAD equipment, on average, for 25 per cent of their working day, it
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would mean that about 90,000 design and draughting jobs have been
replaced through the diffusion of CAD during this decade.

8.2.4 FLEXIBLE MANUFACTURING SYSTEMS

An FMS means, inter alia, the integration of NCMTs tools and automatic
transport and handling (e.g. robots) equipment. As we saw in chapter 5,
these systems may vary considerably in their size and nature, from small
modules to extended systems including many machines and with a very
complex workpiece flow system between them. In smaller systems only a
few workers are ‘replaced’. For the larger systems, there are ‘stories’ to
be heard of FMSs where a dozen workers are needed instead of several
hundred if “traditional’ production techniques were to be used, and for the
production of the same volume of output. Whilst these ‘stories’ may well
contain important elements of truth, only a very limited number of large
FMSs exist, i.e. this technique has not yet reached the growth phase in
an S-curve context.

Because of the widely varying nature of the FMSs and the insufficient
knowledge of the stock of the various types of systems, it hardly makes
sense to try to estimate how many jobs they replace. In addition, it would
mean considerable double counting, since the FMSs include many NCMTs
and also some robots. It is enough to stress that although FMSs are labour-
saving, the order of magnitude of the total global labour replacement is
10,000 rather than 100,000 at present.” When they start to diffuse rapidly,
they will, however, have a large labour-saving impact.

Previously in this section we have seen that NCMTs, industrial robots
and CAD systems do substitute for labour, with different skill levels, but
that they also create a need for new kinds of jobs - often of a more qualified
nature. This mechanism is even more pronounced in the case of FMSs.
It is often extremely complicated in a technical sense to coordinate the
running of several different machines and to make the flow of workpieces
between them function properly. Taken with the fact that this technique
is in an early stage of its development, this has sometimes meant tremendous
problems in implementation of the systems and in making them function
efficiently. This is also linked with the supply side problems discussed in
chapter 2. In firm interviews, we have learned of cases where complex FMSs
did not function in an acceptable manner even after several years of intensive
efforts. In one case it was even necessary to put manual drivers on fork-lift
trucks which were supposed to be guided and run in an automatic manner.
In anpther case, the entire FMS was thrown out and replaced by more
traditional techniques.

Also-the running and, in particular, the maintenance and repair of FMSs
mean'tht new capabilities are needed. For example, electronics competence
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is self-evidently required, but such competence must be combined with
mechanical engineering and hydraulics competence - preferably in the same
persons, Engineers and workers with such a broad capability are extremely
rare,

Hence, the technological capabilities needed to implement and run FMSs
should preferably be broad and focused at the same time. This is true also
for the other automation techniques, but in a less proncunced way, We
believe that lack of such capabilities is producing a very important bottleneck
in the further diffusion of flexible automation techniques, particularly FMSs.
In order to support the diffusion of these techniques, it is therefore extremely
important that the education system be adapted to create future employees
with the capabilities needed. This is a concern for the general (infra-
structural) education system and should therefore be a matter of state policy.
But it also relates to internal educational efforts within the firms supplying
and running these techniques. -

8.2.5 TOTAL EMPLOYMENT EFFECTS AT THE MACHINE LEVEL

Let us try to summarize the quantitative employment effects of flexible
automation in the engineering industries of the OECD countries. In table 8.2
we have calculated the labour-saving consequences of the diffusion of
NCMTS and industrial robots and related these to total employment in the
same sector for the USA, Japan, Sweden, the UK and the Federal Republic
of Germany. The table suggests that 3.7 per cent of the engineering labour
force has been ‘replaced’ by robots and NCMTs in the USA, Japan, Sweden,
the UK and FRG taken together. The percentage varies between 2.3 for
the UK and 6.9 for Japan.

It must be underlined that whilst the estimate in the table is somewhat
rough, it is also very conservative. Let us elaborate on this. First, we have
assumed that each robot replaces only two workers although 2 common range
discussed is two to five. One author even uses the range two to seven workers
displaced by each robot (Ebel, 1986). Secondly, the jobs displaced
through the use of CAD systems and FMSs are not included.

Thirdly, the discussion in this section has mainly concerned those jobs
that are directly related to the actual implementation and running of the
flexible automation techniques, However, flexible automation also affects
employment with regard to ‘peripheral’ functions. The new techniques often
need less space than those replaced. Hence fewer construction workers and
& smaller number of cleaning personnel are needed. The administration of
production also often becomes less complex and less labour-using. Indeed,
one of the main savings achieved by Flygt when they implemented their
new workshop, described in section 7.2.1, was in the form of reduced need
for white collar workers, e.g. production planners. These examples could be
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Table 8.2 Number of jobs ‘replaced’ in engineering industries by
NCMTs and robots in certain OECD countries

Total No, replaced
employees as % of

NCMTs Robots Total (1980, total
(1984) (1984) replaced 1000s) emplovees

USA

stock 103,308" 13,000

replaced 206,616 26,000 232,616 8,209 2.6
Japan

stock 118,157 64,657

replaced 236,314 129,314 365,628 5,275 6.9
Sweden

stock 6,010 1,900

replaced 12,020 3,800 25,820 271 5.8
UK

stock 32,566 2,623

replaced 65,132 5,246 70,378 3,100 2.3
FRG

stock 46,435 6,600

replaced 92,870 13,200 106,070 4,082 2.6
Total

stock 306,476 88,780

replaced 612,952 177,560 750,512 21,539 3.7
e 1983.

b For both technigues we have assumed that one unit replaces two jobs.
Sources: Table 7.2 for stock of NCMTs. Appendix table 4.1 for stock of robots. Table 8.1

for employment data.

"multiplied, but the main tendency of these changes is that the labour-saving

character of the new techniques in the engineering industry is further
pronounced when the process of production as a whole is taken into account.
However, it is not possible here to gauge these additional, peripheral employ-
ment consequences. Finally, it must be mentioned that flexible automation
is certainly not the only technical change currently taking place in the
engineering industry.

The obvicus conclusion is that the saving of labour achieved through the
use of flexible automation in the engineering industry is very significant
and ¢an by no means be ignored in discussions about what determines the
lev% ‘?f {(un)emnployment in an economy.

&
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8.3 Other Determinants of the Level of (Un)employment

The fact that new flexible automation techniques are labour-saving at the
!evel of the machine does not, however, necessarily imply that their
fmplementation leads to higher unemployment in the society as whole, Their
introduction may even be combined with a lower rate of unemployment.
Indeed, it may be noted (see table 8.2) that the displacement percentages
are highest for Sweden and Japan, which are the two countries having the
lowest rates of unemployment of the countries included in the table.? The
reason is of course that the level of (un)employment in a society is deter-
mined by many other variables, as we mentioned at the beginning of this
chapter. New techniques have been labour-saving during the whole history
of technical change. These labour-saving consequences are often compen-
sated for by changes in other variables, e.g. increased competitiveness
leading to a rise in demand for labour, or government policy leading, for
f:xample, 10 expansion of employment in other sectors of the economy. These
issues were dealt with by Palmer, Edquist and Jacobsson (1984} in a study
upon which the following sections are partly based.

8.3.1 THE FIRM LEVEL

We have seen above that the various flexible automation techniques are
labour-saving in that less labour is required per unit of output. This is at
the machine level. However, at the level of the firm, there may be no fewer
people employed, i.e. there can be substantial compensatory effects due
to the increased competitiveness of the firm or country or from a general
exogenously determined increase in demand, Demand may influence output
and what happens to output is crucial. If output expands sufficiently, it
can {more than) make up for the loss of employment due to the increases
in labour productivity. It is often assumed that the growth in output will
not be sufficient, but it is often an implicit assumption and is not made
clear (Cooper and Clark, 1982, p. 7). ‘

Compensatory effects may be seen in the case of Sweden. Although there
was a general decrease in the number of hours worked, Elsisser and
Llnc!vall’s study (1984) of 136 firms in the machinery industry showed no
relationship between increases in productivity and a reduction in the number
f:of hours worked. A strong positive correlation was found between changes
in output and labour productivity. In other words, these firms may have
succeeded in obtaining a greater volume of work, although the correlation
could also reflect better capacity utilization.

Thus, not even the step from labour ‘replacement’ at the machine level
to a reduction in the employment level of the firm is a simple one. It is
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likewise problematical to generalize replacement effects at the machine level
1o the sector level in one country because of compensation effects. A specific
country may be particularly competitive or uncompetitive due to technical
change (or lack of), and/or the sale of this country’s products may be helped
by devaluation or hindered by an over-valuation of the currency. Govern-
ment policy, which we will deal with in more detail below, can also be
extremely influential in affecting the level of demand of the economy.

It may, however, be more feasible to generalize from the productivity
increases at the level of the firm to worldwide employment in a sector, ¢€.8.
the engineering sector. Then, the country-level compensation effects due
to an increased share of the world market would be eliminated.

8.3.2 THE NATIONAL LEVEL

For an individual country, an extremely important determinant for the level
of employment is government policy. First, the government can directly
employ people. Secondly, the government can indirectly affect employment
levels by, for example, influencing investment and consurner demand. Both
these factors are important in determining output and thereby employment.

Both investment and consumer demand, but most importantly the former,
can be affected by government policy. Government policy can have a
powerful effect on businessmen’s expectations about the future of their
business and hence affect their propensity to invest. Is the government
pursuing an expansionary or deflationary economic policy, for example,

_and what are its stated plans about the economy? Other government policies
could be 1o create incentives to invest as well as, for example, to provide
help to evaluate technologies.

Government policy on employment depends on the government’s general
social and political aims - i.e., how important employment is considered
to be in comparison with other aims. At the moment, the governments of
many countries consider that reducing inflation is of greater importance
than trying to maintain existing employment levels or reducing high
unemployment. Here it is of interest to compare Swedish and British
government policy in this area, in the mid-1980s. Low unemployment is
an important aim in Sweden, whereas in Britain, unemployment has been
allowed to soar in the interest of reducing inflation, which is considered
by the government to be of greater importance.

Both Sweden and Britain are, of course, capitalist countries and have open
economies. This means that their governments’ freedom of action is more
limited in comparison with socialist countries where the government has
a freer hand with regard to planning employment and income distribution.
Socialist countries can, for example, choose whether a given product isto

’\:]De imported or whether it is to be produced at home.

N
Y.
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In this context, an example illustrating the relationship between technical
change and employment in a socialist country may be illuminating. In Cuba
aft_er .tl.1e revolution (January 1959) the development strategy and political
priorities with regard to employment changed drastically. As can be seen
from ta_ble 8.3, unempioyment declined rapidly only a few years after the
revolutionary takeover. It decreased from 13.6 per cent in 1959 to 1.3 per
cent in 1970 in spite of the fact that about 50,000 manual workers were
replaced by mechanical sugar cane loaders between 1964 and 1970 (Edquist,
198%, ch. 5; Edquist, 1985b, p. 148). Since the possibilities for trading did
not improve during the 1960s, the change in unemployment levels must
be attributed to the new government’s development strategy. In particular,
the structure of the economy was radically transformed; between 1958/1959
anc.l %9‘70 for example, employment increased by 50 per cent in industrial
activities, by 90 per cent in construction, by 100 per cent in transportation
and communication and by 23 per cent in services (Edquist, 1985b, p. 99).
Furthermore, the pension age was lowered to 60 for men and 55 for women.
In reservation, we must mention that part of the reduction in overt
unemployment was due to disguised unemployment (Edquist, 1985b, p. 34).

In table 8.3 we can also see that unemployment rose during the 1970s
from 1.% per cent at the beginning of the decade to 4.1 per cent in 1980,
This coincides with a drop in employment in sugar cane harvesting of
between 120,000 and 160,000 owing to mechanization. The machette was

Table 8.3 Open unemployment {annual average, per cent) in Cuba:
selected years 1943-81

19432 21.1 1967 5.3
1953b 3.4 1968 4.3
1956° 20.7 1969 2.9
19570 9.1 1970 1.3
1956-7 16.4 1971 2.1
1957 12.4 1972 2.8
1958 11.8 1973 3.4
1959 13.6 1974 3.9
1960 11.8 1975 4.5
1961 10.3 1976 4.8
1962 9.0 1977 5.1
1963 3.1 1978 5.3
1964 7.5 1979 5.4
1965 6.5 1980 4.1
1966 6.2 1981 3.4

2 Durmg non sugar cane harvest season.
> During sugar cane harvest season.
Sources: Edquist, 1983, p. 43; Edquist, 1985b, p. 24; Brundenius, 1984, table 1.

Gi
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replaced by combine harvesters. This drop in employment was equal to
between 4.6 and 6 per cent of the total Cuban workforce in 1970. As a pro-
portion of the agricultural labour force it was 15-20 per cent. Superficially
one might say that 120,000-160,000 people were made redundant by sugar
cane harvesters.®

On closer examination, however, one finds that the increase in unemploy-
ment in the 1970s coincides with the entry into the workforce of large
numbers of women — there was in fact a doubling of the female workforce
from 482,000 in 1970 to 1,108,000 in 1980 (Brundenius, 1983, table 3),
and in the period in question, the workforce increased faster than population
growth. Furthermore, women have a much higher rate of unemployment
than men — men 2.5 per cent in 1979 and 1980 as compared with 1.3 per
cent in 1970 while for women the figure was 12.0 per cent and 7.8 per cent,
as compared with 1.2 per cent in 1970 (1983, table 4). As women have not
worked as manual cane cutters, and the increase in unemployment is largely
women’s unemployment, we cannot explain the unemployment in Cuaba
as being directly caused by the introduction of sugar cane harvesters. In
the same period (the 1970s), the labour force was employed through the
expansion of other industrial sectors. Between 1970 and 1979 employment
in manufacturing and mining increased from 533,000 to 652,000, i.e. by
119,000 jobs. In construction, it increased from 157,000 to 256,000, i.e.
by 99,000. In services the increase was from 622,000 to 934,000. Hence
312,000 new service jobs were created, many of them in health and education
(Brundenius, 1984, table Al.1).

Tt is important to differentiate between need and effective demand. Before
the revolution in Cuba there was a great need for education and health care
but it was too expensive for most people. At the same time many people
were unemployed — an idle or wasted resource. Thus, there was a need for
services, but no effective demand because of the cost of the services and
also because of lack of income caused by unemployment. After the revo-
lution the price of these services was greatly reduced and the demand for
them rose dramatically. People were then eventually able to be employed
in these sectors after appropriate training. Unfulfilled basic human needs
had then been satisfied through employment of previously idle resources
which, in turn, made the expansion of the service sector possible.

The Cuban example shows how important political priorities can be for
employment levels. It also shows that it is possible to have a fairly low degree
of unemployment despite considerable mechanization in agriculture and
the entry of many women into the workforce. Finally, it shows that a
structural change in the organization of society can have substantial employ-
ment effects.

We would stress that structural changes are perfectly normal to all
economies and can certainly occur without a social revolution. There are
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incremental structural changes in all economies to varying degrees. Some
examples are the changes in the ownership structure in many industrialized
countries, Pension funds, insurance companies and various foundations own
company shares to increasing degrees in many countries. In the case of
Sweden, wage earners’ funds have recently been introduced. They are made
up of appropriated profits from firms which will be used to buy shares on
the stock market. In the long run, the sum of various marginal structural
changes may well considerably change the structure of the society and may
well have substantial employment effects.

The conclusion is that the unemployment level in a country is not
primarily determined by the introduction of new techniques, although
they have some bearing on employment, particularly on the relative employ-
ment levels in the various sectors of the economy. Although the labour
‘replacement” effects of the introduction of flexible automation techniques
are quite substantial, it is impossible to equate the aggregated effects of
technical change at the micro level to the unemployment level in the
economy as a whole. Factors at the macro level influence greatly the overall
level of unemployment. Structural changes in the society as well as
government goals and policies are extremely important for the level of
unemployment. In the final analysis, therefore, the level of unemployment
is more a social and political problem than an economic one. It is certainly
not primarily a matter of the choice of techniques (Palmer et al., 1984,
pp. 54-5). At the same time, union resistance to technical change tends
to be strong if the rate of unemployment is high. Therefore, if a government
— or some other actor - wants to raise productivity in a country by intro-
ducing labour-saving techniques, the most efficient way to avoid union
resistance is obviously to secure that the general rate of unemployment
is low.

Notes

1 The chapter is partly based upon a study by Palmer, Edquist and Jacobsson
(1984).

2 Unemployment may - through complex social mechanisms - be an obstacle to
the adoption of labour-saving techniques and a labour shortage may be a driving
force behind such adoption (Edquist, 1985a; 1985b, pp. 14, 75-106).

3 Sece Palmer et al. (1984) for the basis of this argument.

4 The average level of skill requirements of all those involved in production,
installment, programming, setting, optimization, operation, maintenance and
repair of NCMTs may very well increase at the same time. Compare section 3.4.

5 The job displacement effect may, of course, be more significant in a given
occupation, industry or geographical area.

6 This means that we assume a growth of 44 per cent, which is slightly below
the assumed growth rates for some countries in table 7.2.
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7 As was noted in chapter 5, there are around 340 FMSs installed worldwide. If
each of these ‘replaces’ 30 workers, roughly 10,000 workers would have been
‘replaced’ worldwide by these large FMSs.

8 In 1985 the official rates of unemployment for the countries included in table 8.2
were as follows: USA, 7.2 per cent; Japan, 2.6; Sweden, 2.8; UK, 11.9; FRG, 8.3
(Source: OECD, 1986, tables 17, 18). In the text, labour displacement because
of flexible automation in one sector of production (the engineering industry) is
related to levels of unemployment in the economies as a whole. However, there
are indications that Japan and Sweden are experiencing a more rapid diffusion
of labour-saving techniques than the other countries included in table 8.2 in other
parts of the economy as well. .

9 The labour-saving due to the diffusion of sugar cane combine harvesters
represented a dramatic decrease in agricultural employment and a drastic cpange
in the structure of employment in Cuba as a whole. As a matter ?f fact, it was
probably the largest change in this respect in Latin America this century.
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Machine Tools

In this chapter we will describe the diffusion of NCMTs in the newly
industrializing countries (NICs) and also discuss the determinants of and
obstacles to this diffusion. Section 9.1 will give a short description of the
rate and level of diffusion of NCMTs as well as their distribution between
firms of different size. In section 9.2 we will discuss the determinants of
the actual diffusion and the obstacles to a further diffusion of NCMTs in
the NICs. The discussion of determinants and obstacles will be conducted
within the conceptual framework presented in chapter 2.

9.1 Rate and pattern of diffusion

9.1.1 RATE OF DIFFUSION

NCMTs are clearly being diffused in the NICs as well as in the developed
countries. In table 9.1 the estimated stock of NCMTs is given for a number
of NICs. We can see that Korea is the largest single user of NCMTs, with
a stock of 2,680 units in 1985, followed by Brazil (1,711) and India (1,178).
This stock of NCMTs is growing at a reasonably fast rate, as can be seen
in appendix table 9.1. In the case of India, the average cumulative growth
rate was nearly 40 per cent in the period 1980-5 whilst that of Korea was
22 per cent. Whilst these growth rates are quite impressive, they are never-
theless not much higher than those of the developed countries in the same
period.

As is seen in appendix table 9.2, there is a fairly steady growth of 11-18
per cent in the stock of NCMTs in both the UK and the USA. Although
the growth in the number of NCMTs is higher in some NICs for some years,
the growth rates in the NICs would appear to be too low in relation to those
that would be needed if these countries were to ‘catch up’ with the OECD
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Table 9.1 The estimated stock of NCMTs (units) in a number of NICs

Argentina (1985} 300
Brazil (1985) 1,711
India (1985) 1,178
Korea (1985) 2,680°
Mexico (1984) 500
Singapore (1985) 700
Yugoslavia (1983) 1,232

' We exclude the 258 NCMTs imported in 1976 with very low unit value, bu.t a:dd an
estimated 200 machining centres and NG metal-forming tools excluded in the official import
data of Korea {see Edquist and Jacobsson, 1985a, pp. 649-50). Edquist and ]acobss?n, 1985,
is used for data on the flow of NCMTs in the period 1973-82. Korea Machine Tool
Manufacturers’ Association (KMTMA), 1986, is used for the period 1983-5. _

Sources: Argentina and Brazil, Chudnovsky, 1986. India, Central Machine Tools Institute,

1986; Machine Tool Census. Korea; Edquist and Jacobsson, 1985a, and KMTMA, 198'6.

Mexico; Mefcado, 1984. Singapors; Economic Development Board, 1986. Yugoslavia,

UNCTAD TT/67.

countries within a reasonable time period. Indeed, for Argentina, Brazil,
India and Korea taken jointly, the cumulative growth rate in the stock of
NCMTs was only 23 per cent in the period 1980-5. o

However, the growth rate of the stock of NCMTs is not a good indicator
of the extent to which a country invests in order to benefit from the new
technique. The growth rate of the stock of NCMTs is clegrly influenced
by the overall rate of investment in machine tools, which mde.ed may be
very high in some of the NICs. For example, in Korea the_ ratio between
investment in machine tools and the value added in the engineering sector
was 9.2 per cent in 1981 (National Machine Tool Builders’ Association,
United Nations, 1982) whilst in the USA, UK and Sweden it was only. 1.4,
1.9 and 1.3 per cent respectively in 1979 (NMTBA, 1983/4; United Natrlons,
1980). Hence machine tools investment in Korea is relatively much hxghc_er
than in the OECD countries mentioned. Even if the share of NCMTs mn
total machine tool investment is low, the growth rate in the stock of NCM'I:s
in Korea may be high. Hence the growth rate in the stock of NCMTS is
not a good indicator of the propensity to invest in NCMTs instead of
conventional tools.

The rate of diffusion of NCMTs is more appropriately indicated by
measuring the share of investments in NCMTs in total machine tool invest-
ment. This indicator shows more clearly the extent to which NCMTs are
chosen instead of conventional machine tools. In table 9.2 it can be seen
that this share ranges between 7 and 23 per cent for those NICs for which
we have data. For the OECD countries, the share ranged between 40 and

=
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62 per cent in 1984 (see table 3.2).! Hence, the NICs are far behind the
OECD countries in terms of the extent to which they choose NCMTs instead
of conventional machine tools. This also applies to Korea, which is the NIC
with the largest stock of NCMTs and which shows the greatest intensity
in use of NCMTs as measured by share of total machine investment.

Table 9.2 Estimated yearly investment in NCMTs in relation to
total investment in machine tools in some NICs

(L (2) (3 4) (5 %)
Tnovestment in NCMTs

Investment in

Country Year Units Value machine teols (4)/(5) x 100
(US$m) (US$m) (%)
Brazil 1982 150 26.2* 236 11.1
India® 1984 188 39.8 306 13.0
Korea 1982 178 12.4 136 9.1
1983 353 30.7¢ 235 13.1
1984 458 59.8¢ 257 23.2
1985 593 58.3 388 15.0
Yugoslavia 1982 120 21.00 288 7.3

2 A upit price of US$175,000 is assumed.

b The Indian data on investment in NCMTs refer to the NCMTs that were given an import
licence in 1984, All of these may not have been imported. On the other hand, we exclude
local production, which was in the order of 10-20 units in 1984,

© For 1982-3 the figure includes investment in NC lathes, NC milling, NC drilling and NC
boring machines. In addition, Japanese exports to Korea of machining centres are included.
We have assumed that total import of machining centres is double that of imports from Japan.

4 NC metal-forming machine tools, NC grinding, honing and lapping machines are excluded.

¢ Only NC lathes, NC milling machines and machining centres are included. We assumed
an exchange rate of 850 won/US$.

Sources: Brazil, Rattner, 1984; National Machine Tool Builders’ Association, 1983/4, India,

Directorate General of Technical Development, 1986; NMTBA, 1985/6, Korea, Korean

Machine Tool Manufacturers’ Association, 1985, 1986; Office of Custom Administtation,

foreign trade statistics, 1983, 1984. Yugoslavia, UNCTAD TT/67; NMTBA, 1983/4.

9.1.2 DISTRIBUTION OF NCMTs
ACCORDING TO THE SIZE OF FIRMS

Data on the size distribution of the users of NCMTs vary in type and quality.
In Argentina data collected in 1981 suggested that only 25 per cent of
the stock of NCMTs were in firms that had more than six units. Further-
more, there were many small machinery and component producers or
subcontractors with only one NCMT (Jacobsson, 1986, ch. 6). Chudnovsky
also suggests that °. , .there are a few users having a relatively large stock,
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say of eight to ten units or more, but most of them have around two or
three units’ (1984, p. 17). Chudnovsky furthermore says that ©. . .most of
them [NCMT users] are medium-sized firms. A few small, and even very
small firms have started to rely on this equipment’ (p. 17).

To the extent that 25 per cent of the stock is held by a very small number
of large firms and that the remaining users have between two and three
units on average, the total number of users would amount to around 100,
give or take 20 per cent.

In Brazil, Rattner (1984, p. 8) claims that 4 per cent of the users have
(it is not clear for which year) nearly half of the installed stock of NCMTs.
In 1979 or 1980, furthermore, the use of NCMTs was largely concentrated
to large firms. According to Tauile (1984, p. 61), 42 per cent of the users
had more than 1,000 employees; 24 per cent between 500 and 1,000; 22 per
cent between 100 and 500 employees and only 7 per cent less than 100
employees. The total number of users was 157 in 1980 and estimated to
be about 200 in 1984 (Rattner, 1984, pp. 6, 12).

In a survey we undertook in 1983 on the diffusion of NCMTs in India,
sales data for firms that had installed 240 NCMTs were available. These
firms accounted for roughly two-thirds of the production value in the
formal engineering sector in 1979. We define a small firm as one having
a sales value of less than US$7 million.? In terms of value of output this
corresponds broadly to a US firm with 100 employees, which was defined
as a small firm in chapter 3. Only six of the installed NCMTs were in such
firms. Another 33 NCMTs were installed in firms with a sales value of
between US$7 and 32 million which would, very roughly, be equivalent
to a US firm with between 100 and 500 employees.> The remaining
NCMTs (of the 240), i.e. the vast majority, were installed in large firms.
These data are in line with those of the Central Machine Tools Institute
(1986), who suggest that only 6 per cent of the stock of NCMTs in 1985
was in ‘small scale units’.

Finally, in the case of Yugoslavia UNCTAD (TT/67, p. 15) reports that
‘More than one third of the NCMTs is installed in five top ranked firms,
another third is accounted for by. . .20 firms. . ., and less than a third of the
NCMTs is installed in more than 100 remaining firms, mostly medium-sized
and some small firms’. Thus, with the possible exception of Argentina, larger
firms in the NICs dominate the use of NCMTs to an extent that resembles
the diffusion process of the new techniques in the OECD countries at a
much earlier time.

In conclusion then, whilst NCMTs are being diffused in the NICs to a
considerable extent, the share of NCMTs in total investment in machine
tools is very much lower than in the leading OECD ‘countries. Furthermore,
with the exception of Argentina, it appears as if it is mainly the larger firms
which adopt NCMTs.
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9.2 Determinants of Diffusion of
Numerically Controlled Machine Tools

9.2.1 INTRODUCTION

As indicated in chapter 2, the determinants of the diffusion of new techniques
are manifold and the relation between them is complex and varies between
cases. In the case of NCMTs, a basic precondition for diffusion is self-
evidently that there is a demand for machine tools in the country in question.
In other words, it must have an engineering industry. The structure of the
engineering industry is also important, since NCMTs (and conventional
machine tools) are used with different intensities in the industry’s subsectors
(see chapter 3). Provided that machine tools are demanded at all in the
economy, the choice between various kinds of machine tools - e.g. con-
ventional and numerically controlled ones — becomes a relevant issue.

For the given reasons above, in this section, we will first briefly address
the issue of the size and structure of the engineering industry (ISIC 38)
in the NICs. Thereafter we will proceed to a discussion of the more specific
problem of diffusion of NCMTs, which is then seen mainly as a choice
between these kinds of machine tools and conventional ones.

9,2.2 THE SIZE AND STRUCTURE OF
THE ENGINEERING INDUSTRY

The engineering sector is relatively advanced in all the NICs in that it
constitutes a sizeable share of manufacturing value added. In appendix
table 9.3 it can be seen how this share ranges from 21 per cent in Mexico
in 1979 to 50 per cent in Singapore in 1980. As a comparison, we have also
included the cases of Sweden and the UK, which had a share of 43 and
39 per cent respectively.

In terms of the absolute size of the engineering sectors in the NICs, it
can generally be said that value is small, indeed very small in some countries.
The exception is Brazil which, however, also includes metallurgy in its
statistics. Adding the engineering sector value added of the developing
countries (including Yugoslavia) in appendix table 9.3 gives a figure of
US$37 billion, which is only 2.8 times that of Sweden which has only
8 million inhabitants. Thus, although the engineering sector is relatively
well developed in these countries, and therefore one of the basic conditions
for a diffusion of NCMTs does exist, the absolute size of the engineering
industries in these economies taken jointly is rather small. '

The use of NCMTs varies greatly between sectors within the engineering
industry. The bulk of the NCMTs are - in Japan and the USA - used within
ISIC 382, which is the non-electrical machinery industry (see table 3.4).
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The transport machinery industry (ISIC 384) is also a large user of NCMTs
in these countries, Within the latter, the bulk of NCMTs are used within
the automobile components and aircraft industries. In table 9.3 we can see
the structure of the various engineering industries in the NICs at three digit
ISIC level. ISIC 382 is the relatively strongest category in Brazil and India,
where the share of ISIC 382 in total value added is at the same level as in
Sweden and the UK. Korea, Mexico, Argentina and Singapore are in this
respect structurally the weakest NICs.* ISIC 384 is also fairly important
in several of the NICs. Automobile production (including components) is
developed in most of the NICs.

Table 9.3 Structure of the engineering sector (% of value added)
in some NICs, Sweden and the UK

381 382 383 384 385

Argentina (1973) 23 20 16 39 2
Brazil (1979) 35 29 8 18 n.a.
India (1978) 11 il 27 28 2
Korea (1982) 16 14 35 32 3
Mexico (1979) 26 16 18 40 n.a.
Singapore {1981 11 23 40 24 2
Yugoslavia (1980) 30 26 23 20 1
Sweden (1979 18 30 19 il 2
UK (1979) 19 29 20 28 5
3 Including metallurgy.

Sources: Korea, Economic Planning Board, 1982; Yugoslavia, India and Mexico, United
Nations, 1980; Argentina, Sweden and UK, Jacobsson, 1986; Brazil, Annuario estadistico
do Brasil, 1982,

6.2.3 DISCUSSION OF DETERMINANTS

9.2.3.1 Three Approaches Reconsidered The choice of technique is a very
complex issue. Economic, technical, institutional and political considera-
tions influence the outcome, as well as such factors as the prestige gained
from having new techniques in the firm. In the discussion below of choice
between conventional and numerically controlled machine tools various
issues and approaches addressed in chapter 2 will be relevant. In section
2.2 we addressed three approaches, now summarized below. .

1 In the first approach we mentioned three categories of factors that
influence the diffusion of new techniques. The first two categories are
important because of their effects on the profitability of the new technique.
The three categories were: (i) the character of the technique; (i) the nature
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of the structural environment of the actors; and (iii) the characteristics of
the actors as such.

(i) The nature of a new technique, in relation to the old, influences the
profitability of adopting the new technique. The main characteristics of
NCMTs are that they save labour, particularly that of skilled machine tool
operators, compared to conventional machine tools.

(iiy With regard to the structural environment of the social actor making
the choice between different techniques, factor endowments and factor price
relations are important determinants of the diffusion of NCMTs. This
environment also includes infrastructural conditions such as educational
level, and credit availability as well as institutional factors like government
policy with regard to industry and trade and legal conditions. In other words,
it is necessary to introduce several institutional and political factors into
the analysis.

(iii) Thirdly, the character of the actors as such can be expected to
influence the choice of technique. For example, in terms of the propensity
to take risks, it matters whether the firms potentially introducing NCMTs
are large or small. Whether they have close foreign relations or not can affect
the firms’ information about new techniques. The attitude of a firm’s
management may also be important. Attitudes may differ with regard to
the risks involved in introducing NCMTs. Some managements may also
want to invest in new techniques for status reasons or to learn more about
advanced manufacturing techniques and thereby raise the technological level
in the firm.

2 A dynamic way of looking at the diffusion of techniques is to do so
within the framework of the S-curve concept, illustrating the pattern of
diffusion of a new technique by dividing it into three phases: introductory,
growth and maturity. The determinants behind the movement of a product
along its S-curve are quite complex. Of particular importance in the intro-
ductory as well as the growth phases are supply side considerations, e.g.
the nature and behaviour of the suppliers of the technique and their diffusion
of information and knowledge about the technique.

3 The third approach presented in section 2.2 was expressed in terms
of the concept ‘social carriers of techniques’. This concept was defined in
terms of six conditions: (1) interest, (2) organization, (3} power, (4) information,
(5) access and (6) knowledge. All these conditions must be fulfilled for a
certain social actor with regard to a specific technique - e.g. NCMTs -
in order for implementation to take place. As a corollary this means that
those of the six conditions which are unfulfilled constitute obstacles to
diffusion and thereby points of intervention in a policy of supporting the
diffusion of new techniques. Many of the determinants included in the
previous approaches are dealt with also in this approach, but in a more
general form.
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In the following sections we will discuss the determinants of the diffusion
of NCMTs in the NICs in terms of a mixture of the approaches. The more
general approach of social carrier of techniques will provide the overall
structure of the discussion, whilst the other approaches will be used in the
analysis of more specific determinants.

As we saw in section 2.2.3, conditions 2 (organization) and 3 (power)
of the six conditions defining a social carrier of techniques are normally
automatically fulfilled by firms in capitalist countries with regard to NCMTs.
Therefore we will refer mainly to condition (1) (interest) and to conditions (4)
to (6) (information, access and knowledge) in our discussion of determinants
of and obstacles to diffusion of NCMTs. )

The analysis of condition (1), i.e. the interest of firms for introducing
NCMTs will draw on the first theoretical approach, presented in section
2.2.1, i.(?. the first approach listed in this section. Necessary conditions for
firms to introduce NCMTSs, however, are that they have information about,
access to and knowledge of how to implement and use NCMTs. Let us
therefore start by discussing these prerequisites and discuss the interest
condition afterwards.

9. 2‘.3'2 Information A necessary condition for the diffusion of a new
tf:chmque in an economy is of course that potential adopters have informa-
1'.10n-ab0ut its existence and that it can be advantageously used within a
particular economy. The firms must have information about the benefits
that an NCMT can give. As has been shown in the literature, the differences
between firms with regard to awareness of a new technique can amount
to many years (Gebhardt and Hatzold, 1974, pp. 42-3). The diffusion of
information concerning the availability of and the advantages of using a
new technique can thus be very slow and uneven. Thirty years after the
first NCMT was produced, information about NCMTs is still very restricted

among many firms in the newly industrializing countries. Let us take, as
an example, Yugoslavia:

Asa consequence of a general delay in diffusion of information, such
machines are quite often purchased for an inappropriate type of
manufacturing. Overall information on the possibilities of these
technologies is, on average, at a low level. For instance, a good number
of firms do not even know that NCMTs are very appropriate for small
series of production. (UNCTAD TT/67, p. 47.)

In the very early stages of diffusion of a new technique in a developing
country information about it is scarce in the economy. Local suppliers do
not exist and distributors of foreign made machines may not be represented
in the country. If they are, they may very well not put a great deal of
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emphasis on marketing etc. This was the case in Argentina in the mid 1970s
as regards suppliers of numerical control units (Jacobsson, 1986, ch. 6).
Information about the new technique would then be expected to be concen-
trated among larger firms who have some kind of connection with foreign
firms either through equity and/or through licensing arrangements. Thus,
the large firms would be expected to adopt the new techniques earlier than
smaller firms. This is also generally the case in the NICs. Raitner (1984,
p. 5) describes how NCMTs were first diffused in Brazil. Ford bought the
first NCMT in 19678 followed by Worthington in 1969 and Clark in 1970.
Tauile (1984, p. 60) also suggests that in 1980, 62 per cent of the stock
of NCMTs was installed in firms with foreign capital. As a comparison,
in 1979 foreign firms’ share of the equity amounted to 36.5 per cent in the
machinery industry, 37.5 per cent in the electrical and communication
industry and 57.2 per cent of the transport equipment industry (World
Bank, 1982, p. 13).

In the case of Argentina, we saw in section 9.1 that NCMTs are now
being diffused also to smaller and medium-sized firms. These are probably
locally owned. The first user of NCMTs in Argentina is, however, said to
have been the local subsidiary of the US company Hughs Tool, which is
one of the most important users of NCMTs in Argentina today. The first
NCMT was bought in 1970 by this firm and it had 33 units in 1983. In
India we saw in section 9.1 that larger firms still dominate the market for
NCMTs. One of the pioneers in this field was Hindustan Aeronautics, which
was the largest user of NCMTs in India in 1983. Other early users in India
were the large state-owned Bharat Electronics Company and Bharat Heavy
Electrical Company (authors’ own survey).

Of course, there are reasons other than connections with foreign firms
and easy access to information why larger firms would be expected to adopt
NCMTs earlier than smaller ones. Larger firms can normally take the risks
of investing in an unproved technology more easily than smaller firms. Yet
another reason why these larger firms choose NCMTs earlier may be the
types of products that they produce. At least some of the major users of
NCMTs in the NICs produce very complex products, such as aeroplanes,
oil drilling equipment and nuclear power plants. NCMTs may be chosen
for reasons of securing an adequate and even level of precision. This is an
issue to which we will return below.

0.2.3.3 Access A central feature of the global NCMT industry is the
wide differentiation of its products. CNC lathes or machining centres are
sold in very many models and sizes, with greatly different performances and
with different degrees of standardization. No local industry, with the
possible exception of the Japanese, cai ot does supply users with all types

of NCMTs.
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_In terms of sources of supply of NCMTs in the NICs, we can see the
picture in Argentina, Brazil and Korea in table 9.4. From a very high import
fiependence at the end of the 1970s, the local industry (which in Brazil
includes foreign transnational corporations) in these countries now supplies
over half of the delivered NCMTs. In the case of India, imported NCMTs
account for 88 per cent of the stock (Central Machine Tools Institute, 1986).
leen,' however, the large number of entries into this industry recently
(Edq_mst and Jacobsson, 1985a), we would expect that this ratio will decline
?onSIderably in the near future. As a comparison, the import share of
investment in the UK in 1984 was 50 per cent and the corresponding US
ﬁgure_ f9r 1983 was 52 per cent (elaboration on Machine Tool Trades
Asszomanon and Metalworking Production, 1985 and National Machine Tool
Builders’ Association, 1984/5). Hence, the import share of investment in
these OECD countries was higher than in Argentina, Brazil and Korea.

Table 9.'4 Import share of investment in NCMTs in Argentina,
Brazil and Korea, 1978-83 (% of units installed per year)

Year Argentina Brazil " Korea
1978 100 79 n.a.
1979 93 63 99
1980 97 31 93
1981 85 44 71
1982 61 20 23
1983 44 n.a. 45

Sources; Argentina, C!md.novsky, 1984, table 3.1; table 9.1 above. Brazil, Rattner, 1984, tables
1 and 3. Korea, Edgquist and Jacobsson, 1985; Korea Machine Tool Manufacturers” Association
1985; Office of Custom Administration, monthly foreign trade statistics, 1984, '

(?bviously, this may mean that the users in the NICs may have to be
satisfied with a more narrow choice of sizes and models than their European
or US counterparts, which in turn may mean that the user opts less frequently
for the choice of NCMTs rather than conventional machine tools. Thus access
to some versions of the new technique may be limited for the NICs’ firms.

9.2.. 3.4 Knowledge The use of NCMTs as opposed to conventional
machj.ne tools normally means a major change in the complexity of the
technique used. Furthermore, the use of NCMTs implies that for the bulk
of .th.e buyers an essential part of the technique - i.e. the electronic one
- isin the form of a *black box’. A conventional lathe, for example, is
essentially a simple technique and a skilled craftsman can master the
maintenance of the lathe fairly easily. This is not the case with NCMTs
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where knrowledge of the technique is embodied in specialist skills which need
to be developed in order to maintain the NCMT. In larger firms, in-house
maintenance teams can and are normally developed. In Argentina, for
example, it is reported that larger firms send personnel abroad to learn
the basics of maintaining the NCMTs. In one case, in a firm having 23
NCMTs, the maintenance group consisted of some eight to ten engineers
and technicians with an education in electronics (UNCTAD TT/66, p. 30}.

In contrast to the larger firms that use NCMTs smaller firms in Argentina
have to rely much more on the supplier of the NCMTs for both the training
of programmers and to ensure an adequate maintenance service. According
to UNCTAD TT/66 (p. 32), however, the introduction of NCMTs into
smaller firms seems not to have been associated with any major difficulty
as regards training or maintenance. It should be noted, however, that
Argentina now has a sizeable stock of NCMTs installed. In earlier years
there were problems with the supply of skills and services as regards the
teaching of the essentials of the new technique and the repair and
maintenance of the control unit (Jacobsson, 1986, ch. 6). Clearly, in such
a situation it is easier for a larger firm to build up an in-house knowledge
about how to repair and maintain NCMTs.

In Yugoslavia there was, at least as late as in 1983, a clear problem of
supply of maintenance services and a general lack of maintenance skills:

According to the standards [planned time for maintenance and damages]
actual time spent for maintenance and repairs was more than two times
longer than it supposed to be [sic]. The main reason for such a situation
“is insufficient mastery of NCMTs, a lack of spare parts due to import
restrictions, and the lack of maintenance skill. This is particularly true
for the general machinery branch, with the largest number of medium
size and small enterprises where maintenance and damages came to
45 per cent of all standstills in 1983. (UNCTAD TT/67, p. 29.)

Thus, it is the small and medium-sized firms which face the greatest
problems with maintenance in Yugoslavia also. Apart from the reasons
suggested in the quotation above, the UNCTAD report also mentioned that
maintenance problems occur with imported NCMTs due to ¢...reduced
interest of the large producers in smaller markets’ (TT/67, p. 47). This
point can be generalized to other countries with small markets (Jacobsson,
1986, ch. 6).

This last point may suggest that the problem of maintenance does not
necessarily solve itself naturally with the passage of time. To the extent
that there are significant fixed costs involved in the supply of repair and
maintenance services, it may well be the case that foreign suppliers do not
care to take these costs for very small markets, Let us therefore discuss
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furthet: the role of a domestic industry supplying NCMTs in developing
countries.

. The: role o_f the supplying industry was underlined in the second approach
listed in section 2.2. 1 above in that it is the supplying industry which develops
and pfoduces _the new techniques and facilitates the upward movement of the
technique on its S-curve. For NCMT, the international machine tool industry
has already played this role and the present diffusion of NCMTs in the NICs
is in terms of mature techniques. The role of the international supplying
industry is therefore not so great for these countries. However, all the NICs
concerned, with the exception of Mexico, have an industry that supplies
NCI\.JlTs. Let us briefly discuss their role in the local diffusion of NCMTs.

thth the probable exception of Singapore, the local industry is protected
the import res‘uictions being either tariffs or quantitative ones. The bull:
of the mtemat%onal industry producing NCMTs operates under conditions
where economies of scale are important in determining the production costs
(Iacops§on, 1986, for CNC lathes; Edquist and Jacobsson, 1985a, for
machlmng centres and Boston Consulting Group, 1985, for CNC lathes and
machining centres). The minimum efficient scale of production normally
exceeds the total annual market of the NICs as well as the annual output
of the NCMT-producing firms in the NICs. In this situation we would
expect the prices of the locally made machines to be higher than those
available on the international market, although the price difference varies
be!:ween products and countries. As is mentioned below, there is also some
evidence of this in some of the NICs. Obviously, if the local industry is
pptected and the users have to be satisfied with higher priced goods, the
diffusion of NCMTs will be retarded.’ ,

On the other hand, a local industry may have very positive effects on
the local_users. In the literature there is a consensus that an advanced
a.nd_ efﬁc-lent machine tool industry will have positive effects on the local
engincering ir_ldustry (Jones, 1983; Sciberras and Payne, 1985). Of course,
the opposite is the case with an inefficient machine tool industry if it is
pro%e.cted. However, a domestic cost-inefficient industry may also have some
positive effects on the local user industry in that the local producer of
NCMTs can be expected to perform better with regard to the supply of
knowledge and service. UNCTAD TT/67 makes the following statement:

Domestic producers can be treated as educators in spreading the
AMBT: [automatic machine building technologies] in the Yugoslav
economy, particularly the biggest producer which organizes regular
two .week seminars for engineers and technicians, and a few-déys
seminars 'for qualified workers, in order to instruct them how 10 use
their equipment and standard software packages. All three firms have
permanent maintenance groups. .. (p. 20.)
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In the Argentinian case, the local supplier is also pointed outasa provider
of training and maintenance for the user (UNCTAD/TT 66). It needs to
be stressed, however, that it is not necessary to produce the NCMTs to
provide the services. Thus a local industry should not be fostered on account
of an expected better performance in this respect than (unsubsidized) foreign
suppliers. If the objective is to solve the service/knowledge problem it is
this function which should be subsidized, whether it is supplied by local
or foreign firms or local distributors of foreign machines. To the extent
that a local industry is fostered, care should be taken to insure that this
is done without increasing the price of the machines and without reducing
the access to different types of NCMTs.

9.2.3.5 Interest From the foregoing we can conclude that problems

regarding information about, access to and knowledge of how to use NCMTs

‘are clearly retarding the diffusion of NCMTs in the NICs, in particular
for smaller and medium-sized firms. In this section we will now discuss,
in some detail, the interest condition. We will begin by briefly addressing
whether or not the choice of NCMTs may be dependent on strictly technical
considerations. Subsequent to that discussion, we will analyse a number
of other determinants of the interest of firms in adopting new techniques.
The interest condition is closely related to the profit motive of firms in
capitalist countries. The profitability of a new technique is, in its turn,
influenced by a number of more specific factors, as outlined in section 2.2.1
and the discussion of the three approaches on pp. 134-5 above.

In the literature (e.8. UNCTAD TT/66 and UNCTAD TT/67) the
opinion is advanced that purely technical reasons can partly explain the
adoption of NCMTs in the NICs. It is even suggested (UNCTAD TT/66,
.p. 65) that ‘in the case of large users fabricating complex equipment,
NCMTs are acquired for technological reasons in so far as the product to
be manufactured made the use of this technology almost imperative’.
Similarly, “The general conclusion has been derived, that the level of
processing sophistication is closely related to the intensity of NCMTs
employment. A forklift truck and engine producing enterprise argues that
a good number of more sophisticated products could not normally be
produced without using the NCMTs’ (UNCTAD TT/67, p. 35).

Whilst it may well be so that for a very limited number of products,
e.g. acroplanes, the use of NCMTs may be an imperative, one should be
extremely careful in interpreting answers from entrepreneurs as regards their
reasons for choosing a particular technique. In very sharp contrast to the
Yugoslavian forklift truck and engine producer mentioned in the quotation
from UNCTAD (TT/67, p. 35) above, the production engineers of Volvo
Components, the Swedish diesel engine producer discussed in section
7.2.2, strongly argue that their products can very well be produced with
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conve'nuonal maFMe: tools and indeed they have a fair number of such
mac_hmes operating al_ongside of very advanced FMSs. These production
englmeers argue thaf if the operators handling the conventional machine
tools are not very skilled, then the precision and regularity of precision for
conventional machine tools will be lower than for NCMTs. This however
assumes tha.t all the other specific skills needed to operate the NCMTs
e.g. to.ol chqlce skills, maintenance skills etc., are available. Thus, an anSWex"
In an interview from an entrepreneur in any country has to be ::onsidered
alongside the absolute level of skills among the workforce that that entre-
preneur has at his or her disposal. Indeed, in the Yugoslav case the point
is also made that products of uneven quality are produced due partly to
reasons of labour skills, which would tend to strengthen this poi
(UNCTAD TT/67, p. 35). P
Of course, provided that a firm has a good quality control department
the Proble.m c_;f uneven quality can be reduced to nil but at a prict;
of high rejection rates. Such rejection rates mean that delivery times
may r}ot be ‘et and costs will be high. Differences between techniques
:)r; il;hvergm times and production costs obviously influence the profitability
o d:: tit:; . ques and are therefore relevant in a discussion of the interest
N glﬁ%n that there is a true cIloice between conventional machine tools and
s, what .r.hen determines the outcome? A large number of factors
need to.be considered. It is, for example, common that prestige influences
the choice of teqhm'que, although we would not expect a large scale diffusion
of a-new technique to be based on such a factor. Increased management
control of the production process is another factor of a political nature which
can have an economic base. It is not uncommon in India, for example, that
better management control is sought - through the introduction of NC’MTs
and qther automtic equipment - in order to increase the utilization of
machines (Edquist and Jacobsson, 1985a). Abstracting from such variables
for the moment and looking at the choice of technique in a much more
convent}onal and narrow way, we may identify two main factors determining
the choice of technique. These are (Jacobsson, 1986, pp. 16-20):

1 The cost of preparing the machine t ing i AMmin,
ool (setting it i
Let us call this the fized cost. ¥ progs e
2 Tfhe cost of cutti.ng the metal, i.e. the cost of actual inachining. Letus
E::)Jl tthiis thelvaFlable cost. This cost is a function of three factors:
e cycle tim ich i ime i i '
maChsirn o e, which is the time it takes for the workpiece to be
(b) the cost of capital per unit of time, i
2 e, i.e. both ¢ i
and interest rate; and T ost o the machine
{c) the cost of labour for operating the machine tool per unit of time.
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In this narrow perspective the choice of machine tool becomes a function

of two factors only, namely the cost of preparation (1) and the cost of actual

machining (2), i.e. of fixed cost (1) and variable cost 2).

Let us illustrate the choice of technique with the case of lathes. In figure 9.1

we have made an illustrative example indicating the choice of technique where
the alternatives are engine lathes, CNC lathes and automatic lathes. The
engine lathe is a simple lathe which is fully manually operated. It is very cheap
in comparison with other lathes but the cycle time is long, which implies high
variable costs, especially when labour is dear. The fixed costs, however, are
very low. Given these characteristics, engine lathes have traditionally been
used in the production of small batches. The CNC lathe has a shorter cycle
time for the same machining task, which may mean that the variable costs are
lower than in the case of the engine lathe, especially when labour is dear. The
fixed costs have traditionally been higher than for engine lathes due to the need
to make computer programs, but the program costs have been reduced
substantially in the last decade. In addition, once the computer program has
been made, the fixed costs for preparing another batch of the same part after
a time interval is close to nil. This means that the more often the production
of a particular part or component is repeated, the lower are the fixed costs of
using NCMTs in relation to other types of lathe. Indeed, for products that
are produced in small batches but with great frequency, e.g pumps, the fixed
costs of NCMTs are close to nil and probably below those of engine lathes.
The automatic lathe is characterized by very short cycle time for the same
machining task and the use of very little labour, implying low variable costs.
The fixed costs, however, are very high.

Tortal costs Engine lathe

CNC lathe

Automatic lathe

|
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I
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|
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| |
X1 X2 Batch size

Figure 9.1 Ilustrative example of choice of technique between
engine lathes, CNC lathes and automatic lathes.



144 e e
Diffusion in Newly Industrializing Countries

p

component, CNC lath
engine lathas, es would have lower fixed and variable costs than
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complex than is indicated by the narrow discussion presented above,
although it does contain important determinants of choice. A further very
important determinant, both of the choice of technique and of the efficiency
of past choices, is the capacity utilization of the equipment. Let us discuss
two determinants of the rate of capacity utilization, i.e. the skill level in
the factory and factors of a political and economic nature.

The skill level in the factory determines the capacity utilization in that

to be properly utilized NCMTs require some very specific skills. Above
maintenance and we saw how poor maintenance

we mentioned the need for

badly affected the capacity utilization in the Yugoslav case. This argument
applies also to skills needed to plan the flow of material, for tool choice
and to do the programming. Given that the NCMT involves a considerable
investment, factors affecting the utilization of the machine become of critical
interest when the costs and benefits of the new installation are calculated.
One case in point is described in UNCTAD TT/67:

A medium sized firm, specialized in the custom designed machinery

for food processing, employing 4 NCMTs. . .about 14 hours per day,
has decided to stop purchasing additional NCMTs until it would reach
the effective utilization of the present NCMTs at least 18 hours per

day in order to reduce the fixed costs of this equipment considerably
[sic throughout]. (p. 32.)

realm of political economy also affect the capacity

utilization. Let us take the example of India (Edquist and Jacobsson, 1985a,
p. 649). In a number of firms interviewed, management suggested that the
efficiency of operators of conventional machine tools was low, resulting not
only in a low output per worker but also in a low output per unit of capital.
With automated techniques, the control exercised by the operator can be
reduced and the utilization of capital increased. This is of particular impor-
tance in countries like India where the price of capital goods can well be
twice that in the international market. Let us illustrate the effects by
one example (see table 9.5). Here we see that the annual cost of using a
machining centre amounts 10 1.355 million rupees. If we compare with
situation (A), i.e. one machining centre replaces three conventional machine
tools, the use of a machining centre would not be justified on narrow
economic grounds. However, if we assume that, for a number of social
reasons, the efficiency in the operation of the conventional machine tools
is lower than in situation (A), and that we need to add another conventional
machine tool and another labourer per shift, the situation changes greatly.
Although the cost per unit of cutput using a machining centre is still higher
than for using conventional machine tools, the difference is marginal. Of
interest here is that out of the cost increase between situation (A) and (B),

Factors belonging to the
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two-thirds is due to increased capital costs. If one machining centre replaces

fi . . .
ve conventional machine tools, the choice of the machining centre is

justified i i i
1 on narrow economic grounds, in spite of the low relative cost of

labour in India. Rattner also makes the point, in an example from Brazil

(1984, p. 21), that the conventional i
i machi se
capacity utilization than NCMTs.” chine tools used had a much lower

Table 9.5 Tllustrative example of choice of technique in India

(million rupees)*
Conventional machine tools
Machining
centre (A)y (B)? )
Capital costs 1.280 0.640 0.851 1.066
Increased scrap — 0.086 0.115 0.144
Labour costs Q.075 ' 0.225 0.300 0.375
Total costs 1.355 0.951 1.266  1.585

* We have assumed a depreciation ti I i
Drod preciation time of six years; 18 per cent interest rate and three shift

b
.1:1 é?tztmz;s:umg that three cf)r.:ventiona.l machine tools, manned by one operator each, are
i’ nalor v Pne machmmg centre. In (B) and (C) we assume that the numb;r of
onal maclyne tools substituted for is four and five respectively
Source: Interview with an Indian machinery producer. .

Another factor affecting the choice of technique is the cost of work in
ﬁ;ogres;asr}d stgcks that are associated with the various alternative tech
ques. acobsson (1986, ch. 2) has shown, the i i iable
s. £ : » the inclusion of the variabl
can significantly affect the choice of technique, although it does not do ss
in all cases (s_ee also chapters 3 and 5 above).
W;I‘Ig sume this .discussion of the determinants of choice of technique
ave, in this section, so far pointed to the following factors:

® The batch siz . ]
el e normally produced and the frequency with which it is

Price of labour.
Price of capital.

%ctors deftermining capacity utilization (skills and control questions).
e costs for work in progress, which depends on both the interest rate

and the scope for reducing the physical i )
new techniques. g the physical work in progress through using

The choice of technique is thus a fi ion of both the type of kets the
! q : unction of both the typ mar! t
firms serve, which determine the batch size and the frequency of production
2
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and of reasons relating to factor prices and control factors. As far as
the markets that firms serve are concerned, Boon makes the following
observation:

The industrialized countries will have a demand structure which
favours complex and specialized tasks, and therefore a heterogeneous,
small to medium scale product mix for which the flexible cnc machine
is particularly appropriate. That machine therefore has a high and
rapid diffusion potential in the industrialized countries. (1985, p. 40.)

On the other hand, Boon suggests that the NICs produce, on average, less
complex products and components which are more standardized and mature.
This implies that the diffusion potential of the NCMTs would be less in
the NICs than in the developed countries (1985, p. 104).

Boon is right to the extent that he makes the very important point that
a slower diffusion of NCMTs in the NICs should not necessarily be seen
as a lagging behind the developed countries, resulting in a relative
technological backwardness (1985, p. 42). He further argues, however, that
“There is no reason why advanced and leading firms in the LDC’s and NIC’s
producing output specifications in batch sizes equal or similar to the ones
in the firms of the advanced countries should not use the same methods
of production’ {p. 42).

The questions raised by Boon are extremmely important in assessing the
effects of the apparently uneven diffusion of NCMTs globally. The question
of output mix and associated batch size cannot be ignored. On the other
hand, there is really no empirical evidence showing that the NICs have a
radically different output mix than the developed countries. Indeed, most
of the NICs are import substituters in the engineering industry and cover
very large parts of the domestic demand for capital goods. This would seem
to us to suggest that the output specifications are probably not very much
different from those in the developed countries. Furthermore, given the
inward looking character of the engineering sector in most NICs, and the
small size of the domestic market, we would expect that for some industries
there would be an extra premium on flexibility in precisely these economies,
as opposed to the developed countries, which should lead to a more frequent
choice of NCMTs instead of specialized machines, such as automatic lathes.
There is some evidence for this. For example, UNCTAD says in the case
of Argentina

The two largest firms claim to have developed more experience in
the application of NC equipment for some machining operations than
their licensor or parent company. This is explained by the fact that
the foreign suppliers of the technology have in their factories at home
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more specialized equipment than the firms surveyed in Argentina
have: For example, in the case of the machining operation for a key
partina turbine bucket, the Argentine firm concerned has developed
§pemal programmes for its NC equipment while the same part is made
in the factory of the licensor with specialized but conventional machine
tools, (TT/66, p. 25.)

Thus, in this particular case it may well have been that parent company
produced chh greater volumes than the Argentinian firm and could
thcr(?fore !)e justified in using special purpose machine tools, which are
r?latlvely inflexible. In terms of figure 9.1, the US firm would lie to the
nght of X2 whilst the Argentinian firm would lie in between X1 and X2.
Similarly, in an interview an engine producer in Taiwan claimed that they
bought an FMS instead of conventional transfer line for the same reason.

Although we would not attempt to suggest that the output mix always
favours the more intensive adoption of NCMTs in the NICs as opposed
to the devgloped countries, it may well be so for some products which are
produced in very large series in the developed countries, but which are
produced in small batches in the NICs on account of the orientation of the
firms to the requirements of the small local market.

The question of the output mix and its importance for assessing the impact
of the new techniques on, for example, international trade, is an empirical
one but one that cannot be resolved within the context of this study. This
means that the interpretation of the present unequal diffusion of NCMTs
must be qualified by this unsolved issue.

We WO!.lld also argue, however, that relative prices of labour and capital
strm?gly influence the choice of technique for firms producing small and
medmm—sige batches. Evidence from Mexico (Mercado, 1984, pp. 24-5)
and Argenuna (UNCTAD TT/66, p. 29) shows that although labour is much
c.:heaI')er in these economies than in the developed countries, labour-saving
i an important factor explaining the choice of techniqgue. UNCTAD (TT/66)
gives _t]?e, perhaps extreme, example of an effective reduction in actual
machining time from 90 to 11 minutes ~ from introducing NCMTs - for
a bat§:11. size of 100-150 units. This means that the cost of labour for
machlm_ng per unit of output is reduced by 79/90 or around seven-eighths.
Even with relatively low wages, such a reduction can have a major impact
on the_choice of technique. It may also be mentioned that, in our opinion,
Lher? is a good_ possibility that NCMTs would be capital-saving in this
partlc-ular application. One NCMT replaces seven to eight conventional
machine tools in this case, which is unusually. high.

The price of machines influences also the choice of technique. In many
NI_Cs the price of NCMTs is significantly higher than the world market
price. Rattner (1984, p. 19) points to the very high price of NCMTs in
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Brazil, as does UNCTAD (TT/67, p. 52) in the case of Yugoslavia. We
also referred above to the case of India. Obviously, the relatively high price
of NCMTs in relation to labour and conventional machine tools reduces
the scope for the profitable use of NCMTs.

9.2.3.6 Concluding remarks The present level and rate of diffusion of
NCMTs in the NICs is certainly lower than in the developed countries.
However, the potential for diffusion may also be lower in the NICs than
in the advanced countries. One possible reason for this is the type of products
produced in the NICs. If products in the NICs are more simple, more
standardized and more mature than those produced in the OECD countries,
the potential for diffusion of NCMTs is smaller in the NICs. Another factor
that reduces the potential level of diffusion of NCMTs in developing
countries is the relative factor prices.

However, the actual diffusion of NCMTs in the NICs is less than we
would expect even from this, reduced, potential. We have addressed several
reasons for this. The nature of the protective policies for the machine tool
industries in the NICs restricts access to, and therefore the scope for the
introduction of, NCMTs. Problems regarding information about NCMTs
and knowledge about how to use and maintain them further retard the
diffusion in some NICs. This is a particularly large obstacle for the smaller
and medium-sized firms. In the long term we would expect those problems
to be mitigated. However, the factor price relations and possibly also the
product mix factor can be expected to prevail in the long run. Therefore,
we judge that the potential for applying NCMTs may continue to be smaller
in the NICs than in the developed countries.

The main qualification to this argument would be if an NIC faced a greater
shortage of traditional skilled machine tool operators than a developed
country. As was shown in chapter 3, NCMTs can be highly skill-saving
in terms of the skill input of machine tool operators. Of course, other,
specialized, skills need to be available if NCMTs are to be properly used,
but the ‘mass’ of skills required to produce a given output may be con-
siderably reduced with the use of NCMTs. To the extent that the NICs
face a greater shortage of skilled machine tool operators than do the
developed countries, NCMTs could remove an important obstacle for an
expansion of production of high quality engineering goods in the NICs.
The potential for introducing NCMTs could then be even higher than in
the developed countries.

Notes

1 As a percentage of total yearly i.nvcstme;n in machinery and equipment in the
engineering industry, the figure for Korea in 1982 was 1.25 (table 9.2 and
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(PRI ]

Economic Planning Board, 1984, table 1.10). For 1983, the figure rose to an
estimated 3.28 per cemt (table 9.2 and Economic Planning Board, 1985,
table 1.14). We have here assumed that the ratio of investment in machinery
and equipment to total investment was the same as in 1982, namely 64.1 per
cent. Although the equivalent figures for 1984 are not available, the doubling
of investment in NCMTs over the 1983 value would suggest to us that the figure
continued to rise in 1984. In the case of Yugoslavia the investment in machinery
and equipment amounted to US$826 million in 1979 (United Nations, 1980).
With an assumed unit price of US$175,000 for NCMTs bought, the share of
NCMTs in total investment would be 2.5 per cent. As was shown in table 7.1
column (6), the equivalent figures for the UK, Japan and Sweden were 7-14 per
cent in 1983 and over 5 per cent in 1979.

We have used the 1980 exchange rate of 7.9 rupees/dollar.

The output per employee in the US engineering industry in 1979 was around
US$75,000 (United Nations 1980). The output of firms with 100 and 500
employees in the US would then be US$7.5 million and US$37.5 million
respectively.

We use the term ‘structurally weakest’ since ISIC 382 is the true machine building
industry, demanding a very high technological capability. In the case of Singapore
it may, however, be noted that the share of ISIC 382 was only 17 per cent in
1978 and that it is therefore growing very quickly in importance.

Above we also discussed how a protected industry may retard diffusion through
not allowing local firms access to some versions of the technique.

A counteracting factor is that a rise in the cost of labour would increase the fixed
costs too, which means that all curves would shift upwards but stay parallel.
This upward shift would be largest for automatic lathes and smaller for engine
lathes, with CNC lathes normally falling in between, If fixed costs as a propottion
of total costs are very large, or if the cost for the labour required to program
and set the NCMT is drastically increased, this would possibly result in a move
of X1 to the right. However, we disregard this possibility in the further discussion.
Of course, management may consider the achievement of greater control over
the labour process as a sufficient objective for installing new techniques.

—— Statistical Appendix to Chapter 9 ————
follows overleaf

Appendix table 9.1 Stock of NCMTs in some NICs and their growth rate over time

(%) 1980 (%) 1981 (%) 1982 (%) 1983 (%) 1984 (%) 1985 (%)
49 45 15

1979

1978

15 331 15 380 15 436 15 500

251 288

173

116

Argentina®

546 24 649 19 773 19 923 19 1,133 23 1,392 23 L1711 23

439

Brazil®

40

601 40 g40 40 1,178

430

308

n.a.

220

n.a. n.d.

n.a.

India©

2,738 28

942 18 1,017 38 L1110 9 1,288 16 1,712 33 2,145 25
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1n.a.

n.a.

1,232
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Yugoslavia©
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Appendix table 9.2 The development of stock of NCMTs in the
UK and USA, 1971-84

UK USA

units % growth units % growth
1971 4,731 n.a.
1972 n.a. average n.a.
1973 n.a. curnulative 15.5 29,369
1974 n.a. growth n.a. average
1975 n.a. n.a. cumulative 11.3
1976 9,725 n.a. growth
1977 -n.a. n.a.
1978 n.a. average 50,100
1979 n.a. cumulative 17.7 n.a.
1980 n.a. growth n.a. average
1981 n.a. n.a. cumulative 15.6
1982 25,802 n.a, growth
1983 28,669 11.1 103,308
1984 32,566 13.6 n.a.

Sources: UK, 1971 - Metalworking production, 1977; 1976 and 1982 - Machine Tools Trades
Association and Metaluorking Production, 1979, 1985, respectively. The stock figures for 1983 and
1984 are derived by adding the flow of these years to the stock of 1982, The flow was calculated
from Machine Tools Trades Association and Metatworking Production, 1985. USA, 1973 -
Metalworking Production, 1977; 1978 - Watanabe, 1983, 1983 — Edquist and Jacobsson, 1984,

Table 9.3 Share of value added of the enginecring sector in
" the manufacturing industry of some NICs, the UK and Sweden

(D (2) (3)
Manufacturing  Engineering sectot
value added value added - (2= 100

(US$bn) (US3bn) %)

Argentina (1983) n.a. n.a. 220
Brazil (1979) 420 15¢ 36
India (1978) 128 3 25
Korea (1981) 22 5 23
Mexico (1979) 29 6 21
Singapore {1980 4 2 S0
Sweden (1980) 30 13 43
UK (1979) 147 57 39
Yugoslavia (1980) 18 6 a3

» Share of the engineering sector in manufacturing gross domestic product.

b Industrial value added.

¢ Including metallurgy.

Sources: Argentina, UNCTAD TT/66; Brazil, Annuario estadistico do Brasil, 1982; India,
Association of Indian Engineering Industries, 1983; Korea, Ecopomic Planning Board, 1982;
Singapore, Sweden, UK and Yugoslavia, United Nations, 1980.

10

Industrial Robots and Flexible
Manufacturing Systems

10.1 Industrial Robots

10.1.} THE PRESENT DIFFUSION OF ROBOTS IN THE NICs

With the notable exception of Singapore, the diffusion of robots in the newly

-industrializing countries is still very limited. The available data regarding

the stock of robots in some of the NICs are given in table 10.1. In addition
to these countries, there are robots in Argentina and Brazil and probably
also in India (Chetty, 1982), but the level of diffusion is not well known.
According to Tauile (1986), there were 3040 robots in Brazil in 1985, and
a few in Argentina in 1983 (UNCTAD TT/66).

In relation to the total number of empioyees in the engineering sector,
the density of robots in Singapore far exceeds that in Korea and Yugoslavia.
Tt is also noteworthy that the density in Singapore is on a par with that
of many of the advanced OECD countries (see table 4.1).

Table 10.1 The stock and density of robots in some NICs*

No. robots Density*

Korea (1985) 55 1.1
Singapore (1985) 313 20.2
Yugoslavia (1983) 32 0.4

& Number of robots per 10,000 engineering employees.

Sources: Korea, Edquist and Jacobsson, 1985a; Industrial Robot, 1985b. Singapore, Pang, 1986.
Yugoslavia, UNCTAD TT/67. The employment figures required to calculate the density are
taken from ILO, 1982.
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In Singapore, automatic devices of a mechanical and pneumatic nature
were used already in the late 1960s (Yang, 1984a). Industrial robots proper
were not introduced until 1980 (Pang, 1986). The robot population subse-
guenﬂy increased at a very fast rate; from seven umnits in 1981 to 313 units
in 1985 (see appendix table 10.1). Of the 313 robots, 172 are in the manu-
facturing industry and 114 are in education services (see appendix table
.10:2). As Pang notes (1986, p. 4), the largest single application area of robots
is in education, which has 36 per cent of the stock of robots. This clearly
indicates the importance given to this technology by the government.

Within the manufacturing industry, it is the electronics industry which
has the largest number of robots; indeed, it accounts for 74 per cent of the
manufacturing industry’s stock of robots. It is noteworthy that most of these
are assembly robots (see appendix table 10.2).

All in all, there are 62 organizations which have installed robots in
Singapore. Of these, 41 are in the manufacturing industry (appendix
table 10.2). Pang informs us (1986) that 23 foreign companies have installed
132 robots leaving 181 robots for 39 Singaporean organizations. Assuming
that all the 21 organizations, holding 141 robots, in the non-manufacturing
sector are Singaporean, it would mean that 18 local firms in the manu-
facturing sector have installed 40 robots {appendix table 10.2). Thus, in

‘the manufacturing sector, it is the foreign firms which have installed the
bulk of the robots.

In Yugoslavia, of the 32 robots installed, half were of domestic origin.
Regarding the industrial distribution of these robots, UNCTAD explains:

Two initial series of 5 surface painting robots, and 5 welding robots
were produced and installed in a home appliance enterprise. ..and
in an electrical machinery enterprise. 7 manipulating robots were
produced for a car producing enterprise. . . . Besides, 4 prototypes of
robots have been developed by two firms and two research institutes.
About 10 robots have been imported and installed in different firms

(e.g. foundry, tool production, machine tool parts production etc.).
(TT/67, p. 16.)

In Korea, the stock of robots appears to be concentrated in five chaebuls
(conglomerates). Research institutes such as the Korean Advanced Institute
of Science and Technology (KAIST) and the Korean Institute of Machinery
and Metals (KIMM) also have some robots. The five conglomerates are
Qold Star, which has in the order of ten robots; Daewoo, which also has
in the order of ten robots out of which eight are produced in-house; Kia
Motors, which has something around nine robots; and Samsung, which has
some five robots. Samsung also claims to have sold 12 robots (imported
from Japan). Hyundﬁ has around 14 robots. The odd robot is also installed
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in other firms. All in all, we estimate that the stock of robots was in the
order of 55 units in 1985. This may be an under-estimate as at the end of
1983 we estimated the stock to be 35 units (Edquist and Jacobsson, 1985a,
p. 650). The 1985 estimate is based on additional information in the
Industrial Robot (1985b), which cannot be expected to cover fully the Korean
robot stock.

As regards the sectoral distribution of the Korean stock of robots, the
bulk of them appear to be installed in firms producing automobiles and
consumer goods such as TVs and refrigerators.

An interesting feature of the robot diffusion in the NICs is that a fair
share of the robots are made locally. This applies also to Argentina. In the
Korean case, the government sponsors two projects for robot development.
These are undertaken by Daewoo and Samsung. Apparently, Daewoo has
made great progress in the development of robots and participated at the
robot exhibition ‘Robot 9’ in Detroit in 1985. It is claimed that a US firm
ordered two robots made by Daewoo in conjunction with the fair (Business
Korea, 1985b, p. 105). Also in Singapore there are firms beginning to produce
robots, partly subsidized by the government (Pang, 1985). One had already
begun to sell an educational robot in 1985 (Pang, 1986).

10.1.2 DETERMINANTS OF THE DIFFUSION OF ROBOTS IN THE NICs

As far as the determinants of the diffusion of robots are concerned, we will
first discuss the obstacles of lack of information, access and knowledge and
then consider to what extent firms have an interest in adopting this
technique.

10.1.2.1 Information, Access and Knowledge An important obstacle to
a wide diffusion of robots is the behaviour of the suppliers, which affects
both the diffusion of information about robots and the existence of knowledge
as to how to install and operate robots. It may also affect the real access
of firms to the technique. In the case of Korea, several sources refer to a
lack of domestic application engineering capability (knowledge) as a major
obstacle to the use of robots. One distributor of a Japanese robot claims
that the Japanese producer refuses to send people to Korea to solve applica-
tion engineering problems as the firm is too busy. In one particular case,
a sister company to the robot distributor wanted to integrate an NCMT
with a robot but could not do so as they did not have the engineering
capability. The producer of the robot refused to help. In reality therefore
access to the technique is hindered (Edquist and Jacobsson, 1985a, p. 560).
The general problem is the same in the case of NCMTs. In fast-growing
industries, which are intensive in‘the use of service and/or application
engineering, the suppliers may not be interested in sending scarce service
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or a;.)p_lilcation engineers to marginal markets. Naturally this opens up the
possibility for local manufacturers to compete on the basis of a better supply
9f these services. As was mentioned above, many of the robots installed
in the NICs are in fact produced locally. One of the more systematic efforts

}g Enanufacrure robots takes place in Korea. According to the Industrial
obot

Korea is not likely to be a fruitful market for robots for another five
years or so. However, by that time, the main groups [conglomerates]
will have developed a range of prototypes, and so will be in a good
position to dominate their home market. (1985b, p. 100.)

In $ingapore there is a considerable problem of information and knowledge,
especially among the local firms. These firms have so far not bought so
many robots, as was mentioned above. Pang writes in this connection that:

first, small companies and those family owned businesses have no idea
about robotics. They rely on labor-intensive technology that they have
been accustomed to for decades. They are ignorant of robotics tech-
nology and government policies. They will need considerable outside
help to robotize. They are slow in responding to technological advance-
ment. The local medium size companies responded to robotization,
but t}}ey, are not utilizing IR effectively due to lack of applications
experience and knowhow. The MNCs [Multinational Corporations]
are the ones that are well aware of robotics technology because of their
parent company abroad. (1985, p. 20.)

The_ government puts a great deal of effort into trying to diffuse the robot
technique, including among smaller firms. As is discussed further below,
they subsidize the investment cost and costs of feasibility studies of robots.
This does not, of course, solve any information and knowledge problem.
The government does, however, sponsor a demonstration/display room with
15 deft?rent types of industrial robots. It also conducts regular seminars
and trains a large number of engineers and technicians in robot technology
(Pang, 1985). The problem of access would appear to be less in that there
are 22 suppliers of robots in Singapore (Pang, 1986).

10.1 22 Interest The choice of technique between robots and manual
labour is to a very large extent a question of straightforward capital-labour
substitution. The price of labour in relation to that of capital is then a central
factor determining the #nterest of firms in buying robots. Wage costs in some
NICs are listed in table 10.2, along with those of Japan, the country with
the highest density of robots (see table 4.2). The wage costs in table 10.2
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Table 10.2 Annual wage costs of employees in ISIC 384

Annual wage costs

(US3)
Argentina (1980) 1,493
India (1979) 955
Korea {1981) 4,278
Singapore (1981) 4,815
Japan  (198D) 16,238

Source: TLO, 1982, tables 12B and 17B. We have assumed that the average Argentinian employee
works 40 hours per week and that his/her annual wage costs are equal to the hourly wage
times 40 (hours per week) times 52 (weeks per year). In the case of Singapore, we have multiplied
the wage costs/hour (given in ILO, 1982, table 17B} with the average weekly hours worked
(in ILO, 1982, 1able 12B) and multiplied this in turn by 52.

are averages for ISIC sector 384, which is the transport equipment sector
and the sector in which the OECD countries adopt robots fastest.

Of course, the incentives in the developing countries to introduce robots
are on the whole much less than in Japan. The potential for robots in the
developing countries can therefore safely be said to be less than in the OECD
countries as long as the present labour cost differential is so large.

However, the figures given above are averages and for some categories
of workers wage costs may be substantially higher. Again, let us take the
Korean case as an example. A spot welder in Korea was said to cost a firm
around 6 million won (US$7,500) per annum in 1983 whilst a robot was
said to cost about 45 million won (US$$56,000). To this figure we need to
add around 70 per cent in peripherals and other investment costs. Total
investment would then be some 76 million won (U $4$95,000). If we assume
that the robot works two shifts and that it substitutes for two workers in
each shift, the payback period, counting only reduced labour costs as benefit,
would be 3.2 years. Although the calculation is not complete, it nevertheless
indicates that there may be a potential for robots in Korea in some applica-
tions. Indeed Hyundai Motors, which in 1985 had automated 35 per cent
of the spot welding, either through robots or through other automatic
machines, plans to double the use of robots in the next two years in the
spot welding shop so that the level of automatic welding will increase to
70 per cent (Industrial Robot, 1985b, p. 98). As a comparison, 99 per cent
of the spot welding at the Volvo Automobile Corporation in Sweden is done
automatically (Cambert, 1984). ,

Of course, if the relative cost of manual labour increases, the scope for
introduction of robots also increases. In Korea, the distributors of robots
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suggest that the annual market for robots may vary between 50 and 300
units in the second half of the 1980s.

In th<? case of Singapore, Pang (1986) claims that in six robot-using
companies that had calculated the payback period of robot installations,
the average amounted to 5.4 years per shift per five-day week. To the
extent tl‘lat the robot is used in two or three shifts, the payback period is
substantially reduced. This clearly suggests that even in a low wage economy
(as comparefi to the OECD countries) it may be profitable to invest in
robots, In Singapore, however, the government subsidizes the installation
of robots.

The government has set up a Robots Leasing and Consultancy Company
\.vhlch pr9v1des low cost financing of 3.5-4.5 per cent interest p.a. o
investors in r(?bots. This is about half the market rate (Pang, 1985, 1986).
In addition, Singaporean firms need only pay 10 per cent of the consultancy
fec for a feasibility study on the profitability of investing in robots.

As far aslother countries are concerned, a study in Yugoslavia suggests that
the potential need for robots exceeds 1,000 units in the 1980s (UNCTAD
TT/67, p. 16). This demand would materialize mainly for process robots,
such as for welding and painting, but also for handling robots. Given the low
labour costs in Yugoslavia and that robots substitute mainly for unskilled
or semi-skilled labour, such an estimate should be considered with care.
Area§ where robots could well be installed, however, are those that are
phym_cally ].mhealthy for humans or where workers are not interested in
WOFklng shifts (UNCTAD TT/67, p. 16). In Singapore, a government study
Fst1mates that the local stock of robots will be between 600 and 1,300 units
in 1988 (Pang, 1985). With a stock of 313 in 1985, the lower of these two
figures will probably be the more appropriate one.

In Argentina, the payback period for a robot installation, with the factor
costs prevailing in 1983, would be something between 10 and 15 years. A
few robots have been installed, however, by motor companies, for example
gUN(.‘.TAD TT/66). The reasons are probably either a thirst for knowledge
in this area, i.e. a strategic investment in learning, or a technological
imperative in the sense that the design of the motor makes the use of spot
welding robots essential. In Korea, Hyundai has also introduced some robots

to do welding at inaccessible points on a car (Industrial Robot, 1985b, p. 98;
UNCTAD TT/66). o S

10.2 The Diffusion of Flexible Manufacturing Systems
As far as FMSs are concerned, only scattered information exists. According'

to a study frorp 1983, there is only one FMS installed in India, namely
one for producing mechanical transmission systems and material handling
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equipment. The installation has been supplied by a Japanese machine tool
builder and is installed in Elecons factory in Baroda (Perspective Plan
Committee, 1983, p. 92). According to industrial sources, Hindustan
Aeronautics has another FMS. Both these systems are said to be fairly small
— three to five machine tools in each — and of an experimental nature
(interview with a representative of a leading machine tool builder).!

Several other firms have lines of NCMTs, one firm even with an automatic
carrier, but the transfer of workpieces is not automated. The reason is at
least partly connected with a desire to avoid controversies with the unions.
One firm going for lines of NCMTs is TELCO - a large truck producer
_ which a few years ago operated in a seller’s market. Now TELCO has
10 make sales efforts and the buyer dictates the design. This new situation
has created a need for flexibility in TELCO’s production apparatus and
their new models are planned to be produced in new sysiems consisting
of 2 number of NCMTs in lines though not connected ina FMS style. Thus,
the changing market situation, coupled with social factors, conditioned a
change in production technigue. To the extent that the competitive pressure
will increase in other industries in India, the example of TELCO will
probably be followed by other firms.

As far as Korea is concerned, although a formal survey was not under-
taken, it would seem that the use of various types of FMS is not insignificant.
Available evidence suggests that it is mainly machine tool firms that have
an interest in FMS. Tong-il, the leading machine tool firm in Korea,
installed an FMS in their own plant at the end of 1984 (interview). The
system is said 1o include eight of their own machining centres.

Another leading machine tool firm, Daewoo, was in 1984 planning to
install an FMS with seven sets of machining centres controlled by a central
control unit and linked with transport means in their own plant (interview).
A recent report (Metalworking, Engineering and Marketing, 1986, p. 148)
claims that Daewoo now has two FMSs in their own plants. These were
designed in-house. In addition, Daewoo has an FMC of Japanese origin.
Daewoo is also exhibiting a small FMC made by themselves. It consists
of two of their own CNC lathes and a robot.

A third machine tool firm, KIA, was in 1984 also planning both to use
and to supply an FMS system. This firm is owned by an automobile firm
and the interest of the machine tool division is based, to some extent at
least, on the realization that FMS is largely applied to automobile component
production (interview in 1984).

A few, other than machine tool, firms have also begun to implement
FMCs. One case in point is Samsung, which has integrated CNC lathes,
a machining centre and a robot for the production of Lockheed aircraft
engines. The Hyundai Motor Company is also said to have integrated robots
with NCMTs for the production of automobile components.
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Hence, it would seem that the diffusion of FMSs in Korea has begun.
It is notewoerthy that it is the local machine tool firms which are taking the
lead in the application of the technique. This may eventually lead to a local
supply capability of FMSs which will help the further diffusion of such
systems to other sectors of industry in Korea.

Of Singapore, Yang says

Three flexible manufacturing systems, each with a number of CNC
machine tools connected to workpiece conveyors as well as loading
and unloading robots were installed in two local companies, specialized
in precision engineering in Singapore in 1983, (1984b, p. 85.)

Whilst it is not entirely clear whether these are FMSs or FMCs it still
indicates a significant interest in this type of technology in Singapore.
Cheung (1985) further adds to this impression by reporting 20 FMMs based
on CNC lathes with robot arms attached.

Finally, as far as Brazil is concerned, Tauile (1986) emphasizes that there
is no FMS in that country.

Note

1 Onthe other hand, the Central Machine Tools Institute (1986) claims that there
is no FMS in India.

Statistical Appendix to Chapter 10
Jollows overleaf

Appendix table 10.1 Breakdown of industrial robots (IR) by applications in Singapore, 1981-5

Percentage

ncrease

Cumulative

IR
vendor

Are
welding

Material

Spray

total

Total

painting  handling

Assembly

Year

Education

1981

314
262

29
105
167
313

22

1982
1983
1984
1985

76
62
146

13
17
80

12

10

25

59
87

20

13

45

33 18 114® 26 313
11

27

95

Total

%

100

36

30

+ Of the 114 robots classified under education, 49 (43%) are industrial robots and 65 (57%) are desktop robots.

Source: Pang, 1986.
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1.6
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114
26
141
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IR
26
26
26

114
114
114

17
18

Arc

33

- IR application
33

27
27

/ Spray  Material
companies Assembly painting handling welding  Education vendor

95
95
95

No. of
15
3
41
21
62

apparatus, appliances and

supplies
photographic and optical

goods

Subtotal manufacturing

except primarily of metal,
stone and piastics

Basic metal industries

Printing, publishing and

machinery and equipment

Electrical machinery,

Electronic products and

components
Fabricated metal products

household equipment

Subtotal (non-manufacturing)

Furniture and fixtures
Grand total

Plastic products

allied industries
Instrumentation equipment,
Education services
Other business services
Repair of personal and

Appendix table 10.2 Breakdown of industrial robots (IR) by manufacturing and non-manufacturing sectors in Singapore, 1985
Sector

Industrial
code

384

357

381

383

332

372

342

386

931

839

955
Source: Pang, 1986.

11
Computer Aided Design Systems

11.1 The Diffusion of Computer Aided Design

In chapter 6, the rate and pattetn of diffusion (CAD) in the OECD countries
was described. An important feature of the diffusion process was the recent
development of CAD software to be used with a personal computer (PC).
It was shown that there has been a virtual explosion in the diffusion of this
technique in the OECD countries. Corresponding data on the diffusion
process in the developing countries are only partly available, that is, for
India, Korea and Singapore.

It is clearly the case that CAD is being diffused to the developing
countries. The information available on the stock of CAD seats in a number

of NICs is summarized in table 11.1.

Table 11.1 Estimated stock of CAD seats in a number of NICs

Argentina (1983) 74
Brazil (1985} 340
India (1987) 770
Korea {1986) 743
Singapore (19853} 290
Yugoslavia (1983) 100

These figures are estimates of varying quality and the reader is referred to n. 1 to this section
for a discussion of the weaknesses of the estimates.'

Sources: Argentina, UNCTAD TT/66; Brazil, Tanile, 1986; India, Edquist and Jacobsson,
1985a; Korea, Edquist and Jacobsson, 1985a, and Chander, 1987; Singapore, Grumman
Int/NTI CAD/CAM Centre, 1986; Yugoslavia, UNCTAD TT/7.

In terms of the rate of diffusion of CAD, we have detailed data only for
Korea.? Very few firms used CAD prior to 1980. Since then, however,
there has been a very rapid diffusion, in particular since 1982. In August 1984
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47 firms were reported as having installed large CAD systems, a figure which
grew to 73 in 1986 (see appendix table 11.1). All in all, there were 32 large
CAD systems installed by late 1983, This number had increased dramatically
to 63 systems in August 1984 (Edquist and Jacobsson, 1985a) and to 166
units in 1986 (Kim, 1986). Since the 29 firms having installed CAD up
to late 1983 had altogether 32 systems, most firms at that time had only
one CAD installation. As the number of systems is now increasing much
faster than the number of firms, some firms have apparently acquired more
than one unit. This applies in particular to shipbuilding firms and plant
engineering firms (see appendix table 11.2). PC-based CAD units are,
however, also being diffused in Korea; 79 firms had bought such units by
1986. Prominent among these are machinery firms and firms making printed
circuit boards (Kim, 1986, p. 26).

In the case of India, CAD was first applied in the early 1970s by two
electronics firms, Bharat Electronics and Indian Telephone Industries. Until
1984, a very limited number of firms had installed CAD and these were
mainly in the electronics and aeronautical areas. The odd mechanical
engineering and electrical engineering firm, as well as some research and
development institutes, had also installed CAD. In 1983, we estimated that
the stock of large CAD systems was approximately 25 units with an
estimated 100 workstations (Edquist and Jacobsson, 19852, n. 9).

A fundamental feature of the diffusion process of CAD in India at that time
was that the USA, which dominates the industry supplying large CAD units,
imposed an embargo on CAD to India. Indeed, at one time there were 60-70
CAD units cleared for import by the Department of Electronics in India but
these did not, on the whole, get an export licence from the USA. With the
new government of Rajiv Gandhi in India the embargo is not as tight as
previously but no CAD units are cleared by the USA government for the
nuclear and defence industries. It also still cumbersome to import CAD units
for other applications (Chander, 1987). Hence, Indian potential users of
CAD simply did not have access to the technology to the extent they wanted.

In 1984, a new electronics company, OMC Computers Limited, was founded
in India. The corporate objective of the company was to take a lead in the
Inc!ian CAD market. They began by selling a US dedicated draughting systetn
which they soon medified into a multi-user system. They subsequently designed
a smaller and cheaper draughting system which is PC-based. The system is
sold for 150,000 rupees which is equivalent 1o less than US$15,000, including
Fhe hardware. It is thus a cheap system. The software is totally developed
in-house. In March 1987 they were selling 20.units per month. They have
now decided to go upmarket and have started to sell a PC-based design unit
where the basic software is licensed but where they develop the application-
specific software. In the first two months orders were placed for 45 units.
OMC computers has today achieved its corporate objective and dominates
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the Indian CAD market. It is also assessing the possibility of going for exports.

The development of this firm is interesting from several points of view.
First, the firm claims that the US quasi embargo is helping them to sell in
India. Secondly, the company illustrates that it is not impossible for an NIC-
based firm to break into this market. Thirdly, the existence of the firm
appears to be very conducive to a local diffusion of cheap CAD units and it
would appear as if the Indian market for CAD is now dominated by PC-based
CAD. Indeed, India is in the lead among the NICs when it comes to the
number of CAD seats installed, even though the data in table 11.1 are less
than solid. Noteworthy also is that until March 1987 the company had sold
around 450 CAD seats in India, ‘That is, they had by themselves quadrupled
the number of seats in India as compared to the situation in 1983.

In terms of the sectoral pattern of diffusion, information is available mainly
from Korea and Singapore (see appendix tables 11.2 and 11.3). There is also
some evidence from Argentina. In Korea the main users of CAD (in terms of
number of systems) are firms in plant engineering, shipbuilding and in the
mechanical and electronic industries. In Singapore, the main users are in
architecture, structural design and mapping, educational training and preci-
sion manufacturing industries (see appendix table 11.3). In Argentina the first
CAD units were installed in 1978 by a consulting engineering firm and by
a shipyard. In 1983 it was estimated there were a total of 74 workstations
in Argentina: 36 (49 per cent) of these were in the mechanical engineering
industry; 30 (41 per cent) in engineering services; four (5 per cent) in a
shipyard and three (4 per cent) in cartography (UNCTAD TT/66, ch. 5).

The density of use of CAD systems can be roughly measured by dividing
the number of systems installed by millions of employees in the engineering
sector, which is normally the leading user of CAD. Table 11.2 shows
Singapore and Korea to be clearly ahead in this regard, followed by India.
One may argue, however, that this indicator understates the Indian density
figure due to the notorious overmanning of Indian industry.

Table 11.2 The density of use of CAD in a number of NICs

(0 2) 3)
Estimated number
Country of CAD seats Density®
Brazil 340 (1985) 205
Korea 743 (1986) 1,437
India 770 (1987) 527
Singapore 290 (1985) 1,875
Yugoslavia 100 (1983) 140

¢ Number of CAD seats .divided by million'employees"in the engineering sector. For
employment data, see table 12.1.
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11.2 Determinants of the Diffusion of
Computer Aided Design

We will first look at factors related to information about, access to and
knowledge of CAD system. Subsequently, factors affecting the interest of
firms in adopting the technique will be discussed.

11.2.1 INFORMATION, ACCESS AND KNOWLEDGE

A necessary condition of choosing CAD is, of course, that firms have
information about its existence and about is costs and benefits. In Korea,

for example, there is a general lack of information about CAD. There is’

also a lack of trained people to use CAD. A particularly important con-
sideration is that managers are said to be insufficiently aware of the need
for and the cost of software development in order to be able to use CAD.?

The behaviour of the supplying industry is an important determinant of
the diffusion of CAD in the NICs, not only in that it affects the supply
of information about its products but also the existence of knowledge of
how to repair and maintain the systems. The supplying country and industry
may also affect access of NIC firms to their products, as was clearly shown
above in the Indian case. The supplying industry may affect the diffusion
in less conspicuous ways too. According to an interview in 1984 with Lee
Byang Hai, manager of the computer division of Hyundai in Korea,
suppliers are ‘very cautious’ in Korea. The majority do not have repair and
maintenance staff in Korea, nor do they have their own representatives.
Furthermore, according to Dr Lee Chong Won at the KAIST CAD/CAM
Centre, there is no government intervention to ensure that service follows
sales. For example, KAIST has a Textronic graphic terminal which broke
down in April 1983 and which in November the same year had still not
been repaired.

11.2.2 INTEREST

Once the problems of information, access and knowledge are overcome,
factors that affect the interest of firms in buying CAD come into play.’ In
chapter 6 the intrinsic or essentially technical reasons for using CAD were
discussed. Whilst the situation in the NICs is not necessarily the same with
regard to the reasons why firms choose CAD, it is nevertheless so that some
reasons are valid for practically all environments. For a number of products,
typically electronics products, CAD is an essential — or even necessary —
tool and the leading electronics firms in both India and Korea have acquired
CAD. Furthermore, modern chemical plants and other process industries
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are very advantageously designed with CAD, due to the sheer complexity
of the systems involved. Plant engineering is, as was seen above, an
important user sector in Korea. This diffusion can well be said to be at
least partly technically determined.

The ability to meet short lead time is another important reason for
choosing CAD. In Argentina, UNCTAD (TT/66) suggests that the shorter
lead times associated with CAD were a very important reason for the
introduction of CAD by both a capital good producer (with 31 workstations)
and a shipbuilder.

Again in Argentina, in the case of shipbuilding, it is argued that

Delivery time is a crucial competitive factor in the shipbuilding
industry and penalties for a delay are very high. For instance, in
building a ship valued US$60 million, the penalty for each month of
delay could be US$1 million. An investment of U$$500,000 in a CAD
equipment, therefore, is fully justified. (UNCTAD TT/66, p. 38.)

We also saw that the shipbuilding industry in Korea, which has been
very successful in the international market, accounted for 22 per cent of
the CAD units in Korea in 1984. The high level of complexity of modern
ships may be another reason for introducing. CAD.

An obvious factor hindering the choice of CAD is a heavy reliance on
foreign designs rather than the generation of own designs. In licence
agreements the detailed designs are often also supplied by the licensor. The
dependence on foreign licences is widely spread in all NICs. In the Korean
case, plant engineering firms and the shipbuilding industry had, in 1984,
close to 50 per cent of the CAD installations. Mechanically based firms had
only 19 per cent. As the latter include the automobile industry, which has
CAD, the remaining firms in the mechanical industry are clearly slow to
adopt it, But as the producers do not have much design activity, they simply
do not need CAD systems. This was probably true in 1986, when only 16
firms in the mechanical sector (excluding automobiles) had bought large
CAD units. They are, however, now buying PC-based CAD to a slightly
greater extent. Nineteen firms in the machinery industry have such CAD
units according to Kim (1986).

But given that a firm undertakes a lot of basic and detailed design work,
under what conditions does it choose CAD? Important considerations here
are relative factor prices and skill availability.

As regards the relative factor prices, it is impossible to formulate a general
rule of the level of the breakeven point since the productivity increases made
possible by CAD vary greatly from situation to situation (see chapter 6).
As an illustrative example, we can give Kaplinsky’s calculation (1983,
p. 110). With a productivity ratio of 3.32:1, and working with double shifts,
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it was estimated that the breakeven cost of a designer would be US$10,000
per annum. In Argentina the use of CAD was cost-efficient in this narrow
sense prior to the massive devaluations in 1981 (UNCTAD TT/66).

Such a narrow cost/benefit exercise assumes, however, that skilled
designers and draughtsmen are available for manual design and drawing.
In quickly growing NICs which are rapidly changing the structure of their
industries, this assumption is not valid. Let us look at the example of Korea
and begin with the case of Hyundai, which is one of the largest chaebuls
and also the largest user of CAD in the country. Between 197 5/6 and 1983
they installed altogether nine large CAD units. Their reasons were explained
as that the main advantage of CAD was that its software embodied accumu-
lated design and draughting experience. Korea has a shortage of experienced
designers and draughtsmen and CAD is seen as 2 means of catching up
with the OECD countries. Furthermore, for Hyundai, the actual cost-of
this lack of designers lay in the need to use consultancy firms, which charge
US$50-60 per hour. For Hyundai; productivity of designers increased by
a factor of four to five after six months, which indicates a tremendous saving
in manpower. This means there is a need to generate only 20-25 per cent
of the number of experienced design engineers per unit of cutput as com-
pared to non-adoption of CAD (Edquist and Jacobsson, 1985b, p. 560).

This view is partly confirmed in a study made by KAIST in Korea. In
a survey of 29 firms using CAD, the most frequently mentioned (pre-
investment) motive for buying CAD was to increase the level of technology
of designs. The post-investment experience was somewhat different. Reduced
lead time and the ease of making changes in the designs ranked highest.
Thereafter came the more technologically orientated factors — improvement
in the technological level of designs and improved standardization of items.
Better blueprints ranked next and only thereafter came the traditional cost
reducing factor of improved labour productivity (KAIST, 1984). Of course,
the ease of making design changes is partly a matter of reducing labour
costs for design modifications, but it is also a question of reducing the lead
time. Hence, discussion of the interest of firms in using CAD requires
consideration not only of relative factor prices but also of the availability
of skills at the going rate. Lead time is a further factor that goes beyond
relative factor prices as a determinant of choice of technique.

Notes

i The stock of CAD in the NICs has been estimated in the following way. In the
Argentinian case, no formal survey has been made but the data are based on
UNCTAD’s (T'T/66) updating of an older paper on the subject written in
Argentina, In the Indian case, Edquist and Jacobsson (1985a) estimated that there
were 25 large CADs in India in 1983. As India is still subjected, at least partly,
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to & US embargo on super-minis, this figure is assumed to have increased to
30. Each of these is assumed to have four workstations. In addition, an estimated
650 PC-based units existed in India in early 1987 (Chandler, 1987). For Singapore
the data come from Grumman Int. NTI CAD/CAM Centre {1986}, The data
are probably an under-estimate of the true stock since they are based on a survey
of only 30 selected users. In 1984, Yang suggested that there were 200 work-
stations in Singapore (1984a). The data on Korea are based on work by Kim
(1986). Each large CAD is assumed to have four workstations. The data are
probably an under-estimate of the actual stock of CAD in Korea since we have
only partial information on PC-based CAD. According to Kim {1986), there are
79 firms using PC-based CAD but there is no information on the number of
such systems. We have assumed that each firm has one system. For Yugoslavia,
the source is the following quotation from UNCTAD: ‘CAD has recently entered
the Yugoslav capital goods sector and other spheres of the economy. Among
the users of CAD in the engineering branches (about 25 units) there are the largest
and above-average export oriented firms. Up to the present, CAD technology
has been used, first of all, for projecting, constructing, forming, and for structural
calculations and simulations. However, some of the most advanced users, com-
bining standard software packages with their own software building, are making
efforts into the phase of CAD-CAD...’ (TT/67, p. 17.) Tt is not entirely clear
if the bulk of the CAD units are in fact interactive, especially those used for
calculations. We assume that there are 25 CAD systems and cach have four
workstations. The Brazilian data are from Tauile, 1986.

2 This section on Korea is based on studies by Edquist and Jacobsson {1985a,
p. 650) and Kim (1986).

3 For example, to the extent that imported software presupposes the use of a specific
raw material which is not available in the country, the user has to modify the
software.

4 It appears as if it was not until 1984 that Computervision, the world leader in
sophisticated CAD systems, gave distribution rights to a Korean company, Seoul
Electron Co. (Business Korea, 19853, p. 33). Calma, another leading supplier,
does, however, sell CAD through the electronics firm Samsung Semiconductor
Company.

5 The following section is based on Edquist and Jacobsson, (1985a, p. 651).
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Statistical appendix to chapter 11

Appendix table 11,1 Number of firms having installed
large CAD systems in Korea

Year No. systems

Pre-1980 2
1980 5

1981 11

1982 19

1983 29

August 1984 47
1986 73

Source: Edquist and Jacobsson, 1985a, p. 648; Kim, 1986, p. 17.

Appendix table 11.2 Areas of application of large CAD systems in Korea

% all % all

Area No. systems®  systems No. firms® firms
Shipbuilding 14 2 4 s
Mechams:al 12 19 18 25
Electronic 11 17 19 26
Construction 4 6 5 7
Plant engineering 15 24 2 3
Others (architectural,

educational etc.) 7 11 25 34
Total 63 99 73 100
& August 1984,
° 1986.

Sources: Edquist and Jacobsson, 1983a, p. 648; Kim, 1986, p. 26.

Appendix table 11.3 Areas of application of CAD in Singapore, 1984

Area No. stations
Architectural, structural

design and mapping 108
Educational training 46
Precision manufacturing 28
Electrical and electronics 8
Shipbuilding and marine 3
Garment manufacturing 2
Total 200

% ail
stations

34
23
14
4
4
1

100

Source: Yang, 1984a, p. 52.

12

Implications for the
Developing Countries

This chapter will discuss the implications for the developing countries of
the technological transformation addressed in chapters 3 to 11. Section 12.1
summarizes the data on the diffusion of the various flexible automation
techniques. In sections 12.2 and 12.3, implications of this diffusion for the
competitive strength of the developing countries in the engineering sector
is discussed. General implications are treated in section 12.2, whilst section
12.3 addresses the impact of product level. Finally, some policy implications
will be discussed in section 12.4.

12.1 Summary of the Diffusion of Flexible Automation
Techniques in OECD and Newly Industrializing Countries

The four flexible automation techniques addressed in this book represent
one of the most significant technical transformations of the engineering
industry in this century. The four techniques are being diffused at a rapid
pace in the developed countries, and while there is also diffusion in the
developing countries, it is less pronounced and is restricted to the more
advanced developing countries.

Table 12.1 summarizes the available data on the stock and density of the
various flexible automation techniques in some OECD economies and
certain advanced developing countries.

As far as the stock of the flexible automation techniques is concerned,
for NCMTs it varied between 6,010 (Sweden) and 118,157 (Japan) among
the developed countries in 1984. Among the developing countries, the stock
varied between 500 (Argentina) and 2,680 (Korea) in 1985. For robots, the
stock in the developed countries amounted to around 100,000 in 1984 and
the addition to the stock in that year was 30,000. The stock in the developing
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countries listed in table 12.1 amounted to around 400 units. For CAD, the
stock in five developed countries (USA, FRG, UK, Japan a-nd Swede‘n)
amounted in 1983/4 to around 89,000 seats whilst in the. developing countries
listed, the stock amounted to around 2,300 seats. Finally, for FMS, the
stock in five developed countries (Japan, USA, FRG, Sweden and' thc? UK
amounted to 210 units in 1984 whist there were only a few units in the
oping countries. .
dexeiozilggarison in sheer numbers between economies of (_iiﬁ'erent sizes hasi
of course, to be supplemented with data that are normalized. In table 1_2.
we have therefore also calculated a density measure for each of the flexible
automation techniques. The density measure used 1s the numb.er- of the
various flexible automation techmicques installed_ divided by mﬂhc_)ns' of
employees in the engineering sector. This denominator was chosen in lieu
of value added as it makes the analysis independent of the well-known
problems of comparing value added in economies thflt broadly follow a free
trade policy with those that follow a protectionist policy. The use of number
of employees as the denominator may, however, well bfa argueq to under-
estimate the density in some developing countries, especially India, because
ing degrees of overmanning. ‘
Of;:f:ﬁg. 1 silc::s that the difference in the density of tt.1e flexible automation
techniques is indeed very considerable and that tl}e flexible au!:omatpn t_ec-:h-
niques have not been diffused to the same extent in the newly n?dustnahzmg
countries as in the OECD economies. Table 12.2 s_hows the deferenceg i_'or
two groups of countries within table 12.1. The ratios between the dens1t§es
of these two groups of countries (where the value of the OECD countries
accounts for the nominator) were 8.5 for NCMTs, 8.3 for CAD and 43.0 for
robots. Although the data base is not without problems, the order of
magnitude is clearly there to be seen.

Table 12.2 Density* of units of flexible manufactlllring techniques
in five NICs and five OECD economies

1) {2) 2)/1)
CECD
NICs? couniries®
NCMTs 1,665 14,230 8.5
CAD 498 4,114 8.3
Robots 96 4,122 43.0

¢ Number of units divided by millions of engineering employees.
b Brazil, India, Korea, Singapore and Yugoslavia.

< FRG, Japan, Sweden, UK and USA.

Source: As for table 12.1

Implications 175

The data show furthermore the very substantial difference between the
various flexible automation techniques with respect to the position of the
NICs vis & vis the OECD economies. In terms of the diffusion of NCMTs
and CAD, the NICs are relatively better off than in terms of robots. This
is probably due to the fact that NCMTs are the most mature of the four
flexible automation techniques, but the fact that NCMTs are skill-saving
is also important. However, the developing countries are not catching up
in terms of the growth rate in the stock of NCMTs where they surpass the
OECD countries only slightly. Jointly, the developing countries in appendix
table 9.1 had a cumulative growth rate of the stock of NCMTs3 of 23 per
cent in 1978-85 whilst that of the USA in the same period was 16 per cent
and that of the UK in the period 1976-83 was 18 per cent (see appendix
table 9.2). Furthermore, in terms of the share of NCMTs in total investment
in machine tools they are far behind. Whilst the range in the NICs listed
in table 9.2 was 7-23 per cent, the range in the developed countries was
between 40 and 62 per cent in 1984 (see table 3.2).

The reasons for the rapid diffusion of CAD are similar to those for
NCMTs. For CAD the relative position of the NICs has improved very
much during the past few years, i.e. since PC-based CAD software emerged.
(The ratio has decreased from about 30 to 8.3 in a few years.)

As would be expected, among the three techniques -~ NCMTs, CAD
and robots — the NICs are worst off in terms of robots, since these save
mainly unskilled labour which is abundant in most developing countries.
South Korea and Singapore may be two exceptions since unemployment
is quite low in these economies. In the case of Singapore, considerable
state intervention has also contributed to the fact that robot density is
greater than in some OECD countries such as the FRG, the UK and the
USA (see table 12.1).

Only a few FMSs have been installed in the NICs. The main reason is
probably that the technique is immature and very complex. Even in the
leading OQECD countries there are many technical problems associated with
the installation and running of these systems.

There is also a considerable difference between the NICs as regards

‘the use of flexible automation techniques (see table 12.1). Korea has the

largest number of NCMTs, Singapore has the largest number of robots
and India has the largest number of CAD seats. Singapore is clearly the
NIC with the highest density of robots and FMSs, but Korea holds this
position for NCMTs (table 12.1). It is to be noted that concerning robot
density Singapore has surpassed the OECD countries with the exception
of Japan and Sweden. For FMS, it is noteworthy that Korea has a density
which is roughly the same as that for the USA, the UK and the FRG.
If we use the higher estimate, Singapore is even on a par with Japan in
this respect.
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12.2 General Implications for the Developing Countries

Some general implications for the developing_ countries from yvhat gzsze;r;
said hitherto will be discussed in this section. However, it m::i ks 1o o
emphasized that above only a few of the developing countries were : hav;:
The technological transformation that has been. described wﬂl._sure Zn tries
very important implications also for the majority of the developing co
that we have considered (Edguist, 1986, pp- 1-13?. Y
A typology of developing countries worked out 1n 198. yl e
Nations Industrial Development 0rganizati9n (I.JNIDO) 1111 r:hs;;l;);m o
second consultation on capital goods is useful in this context. ;ze i
91 developing countries - for which data were available - we S
three broad groups (A, B and C) utilizing indicators such as the v u;h !
capital goods production and imports, mapufacturing value a;;dsde;i ’Ie‘:fé (
typology was presented in UNIDO, 1985b and UNIDO, 1985¢. three

groups are:

Group A Countries with a very large domestic mar}tet for capi.tal go:vc::;
very large capacity for capital goods_pr)odt;ction ?;J;in ngsb:rm I:Jﬁ v
i lv industrializing countries). deven i _
i;::nze:a y]?nrazil, China, India, South Korea, Mexlco a_nd Smﬁ?gore. éh
may be no,ted that India and China are often not included 1n :che glt:oau;l),
but that Hong Kong and Taiwan often are.) These countries have a y

- d capital goods industry. _

Wegrglex‘;d;pe@uxftriesgwith a medium-sized mz}rket for capltalbgooa?ls:
medium-to-large capacity for capital goods grod;ct:;x; ::;1'( mﬁesig =
i wer — 30 countries. These are cquntnes at .
Egehpoindustrial base with some capital go:lds industries: examples are
Malaysia, Thailand, Colombia and Venezu la. _

Grg?:,c Countries with 2 small-to-medium-sized n'farket cior calf;;:{
goods, very low-to-low capacity for capital goods produf:uollrlla an veg o
to-lcm: bargaining power — 54 countries, These countries nave no

an embryonic capital goods industry.

Including the OECD countries, we have thus four categories of countries

i iali ies in this context.
_ disregarding the industrialized planned economies : _
%‘llslieingineiﬁng sector is undergoing a funda-lme{:tal tFC:IIl:l::le t;;alfcsh
i i formation is takin
tion. As was shown above, this trans: !
fzf)lrl::ampidly in the OECD economies mag 1(1:1 tg;.: NIS}??E:;; :ii:ssthi?sct:ﬁé
' - - - ven
in the countries constmiting Groups Band . - -
i i i y means
investors in flexible automation tec.hmqt_J.e's, this cle : ;
Tc;)leﬂ(:l;‘Elé‘la;af:om:ttries have strengthened their position 21s-d-v# the developing

countries as a whole.
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One important qualification to this conclusion as regards NCMTs only,
would be Boon’s argument (1985), presented in chapter 9 on p. 147,
that NCMTs are not used to the same extent in the developing as in
the developed countries simply because of the nature of the goods produced
in the developing countries. Depending on the degree to which this
argument is valid, the uneven level and rate of diffusion would there-
fore not imply a strengthening of the competitive position of the OECD
countries.' ‘

The impact on competitiveness of the diffusion of flexible automation
techniques tends to differ between the four groups of countries.

1 The main winners in this process are the OECD countries and Group
C countries. The former have increased their competitiveness. The latter,
which hardly produce any capital goods, have got access to cheaper capital
goods in the short run (through imports) than would have been the case
if the technical transformation had not occurred. (However, the possible
entry of these countries into capital goods production, in the long run, has
become more difficult.)

2 The main losers are probably Group B countries. The flexible automation
techniques seem not to have been diffused to these countries to any significant
extent. This means that these countries will not benefit from the productivity
increases associated with the use of flexible automation techniques, in sharp
contrast to the OECD countries and the NICs. At the same time, the
advantages that these countries may have in terms of cheaper labour are
partly eroded by the use of flexible automation techniques in the OECD
countries and in the NICs.2

3 Inbetween losers and winners are the countries comprising Group A.
The advantages that these countries have had in terms of cheaper semi-
skilled labour are being eroded, especially due to the diffusion of robots

and FMSs in the QECD countries. Furthermore, these countries have
adopted the new techniques to a lesser degree than the OECD countries,
which means that they are able to draw on this source of productivity
increases to a lesser extent than the OECD countries. However, these
countries can benefit from the skill-saving character of both NCMTs and
CAD and combine cheap engineers/technicians with the new techniques
to achieve a competitive edge on the basis of relative factor costs. On the
whole, however, these countries will need to follow suit in the technical
transformation in order to be competitive with the OECD economies.?
Furthermore, the production engineering skills associated with system
development need to be generated in these countries (see further section
12.4). As was emphasized in chapter 7, however, the relative prices of

-generally available factors of production comprise only one of several

determinants of international competitiveness.
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12.3 Specific Implications for the Developing Countries

As was undetrlined in section 7.1, the magnitude of the impa_ct of_the new
techniques varies depending on the type of products th{;\t are being d%scussed.
A number of product groups were listed which are judged as being most
affected by the new techniques. The product groups were: automobiles,
heavy electrical equipment, cutting tools, pumps, valves, .con.'fpressm:s,
construction machinery, tractors, machine toals, spec§al mdusu-ml
machinery and electronic components. The impact als9 varies depending
on how important production costs and other determmar_xt.s -e. g..ﬁrm-
specific assets — are in determining international coxppeuuYeness in T:he
various product groups. Typically, the structure of tllle 3ndusmes producx_ng
these products is characterized by product differentiation and firm-specific
assets and less by price competition. ' . ]

The product groups mentioned are very important in the structure O

production in some of the NICs. Whilst in Sweden in 1983 these Prodl.lct
groups accounted for 68 per cent of the gross output of the engineering
sector, in India they accounted for approximately _54 per cent al::d in Korea
for between 54 and 69 per cent.* The developing countries’ efforts to
improve their performance in these product groups are, generally s!)t-eakmg,
coming up against a new obstacle, namely t‘pe improving c-:ompeuuven'ess
among the OECD countries due toa rapid diffusion of flexible automation
techniques.

For the developing countries, however, the structure of exports dqes not
always reflect well the structure of production. On the whole, the s1mp1e;
type of goods are exported whilst the more compl.ex goods are produce
within the framework of an import substituting policy. Let us @e the case
of Korea as an illustrative example. We made a simple regression at the
four digit Korea Standard Industrial Classification (K_S.IC) level where the
dependent variable was the net export ratio (for df:ﬁmnon, see be!o.w) and
the independent variable the intensity in use of er.lg.meefs and technicians, as
measured by the number of engineers and technicians in total employment.
The year for which the analysis was made was 1980. The result Was_that
the net export ratio was significant at the 1.2- per cent level ar;d negatively
dependent on the engineer and technician mte-nsu:.y. The f? - was 0.“53.

This clearly suggests that the Korean engineering industry’s mternauo.nal
specialization lies in simpler goods. It does not, however, tell us anlythmg
about the character of those goods which are produced under an import

ubstitution scheme. .
; In order to assess the character of those products that are basically
produced in an export-led fashion and those that are produced und?r
an import substitution scheme, we undertook a detailed study of Korea’s

Implications 179

input/output tables of 1975 and 1980. We classified the sectors, at the

lowest statistical level, according to their values for the three indicators of
international specialization given below.

1 The net export ratio which is measured by (X - M)/(X+M). The ratio
can vary between —1 and +1.

2 The export share of production which is measured as X/P and can vary
between 0 and +1.

3 The import share of investment which is measured by M/AC, where AC
is apparent consumption or production minus exports plus imports. The
ratio can vary between 0 and +1.

The net export ratio (1) measures Korea’s specialization at the border,
which means that only that part of Korea’s output that is subjected to
international competition is analysed. The export share (2) is simply the
share of output which is sold on the international market. The import share
(3) shows the specialization of Korean firms vis 4 vis foreign producers on
the Korean market (Ohlson, 1976). We classified the sectors in terms of
having a high, medium or low net export ratio, export share and import
share. For the net export ratio we defined low as less than —0.25, medium
as berween —0.25 and +0.25 and high as higher than +0.25. For the export
and import shares, low meant less than 0.25, medium between 0.25 and
0.5 and high larger than 0.5.

On the basis of these three indicators we can identify four different groups
within the Korean engineering industry which vary fundamentally in their
net export ratios and in their export and import shares. In addition, we
have calculated what we call the marginal export ratio (MER) for the four
groups. This ratio is the share of the increase in production between 1975
and 1980 that was exported. The MER is seen as an indicator of the extent
to which the industrialization in this period was of import substituting or
export oriented character.

Group 1 In this group, which accounted for 27.4 per cent of the production
value in the Korean engineering industry in 1980, we have 11 branches
which all are characterized by

¢ a high net export ratio;
¢ 3 medium to high export share;
* a low import share.

Thus, the industries in this group have large trade surpluses, an important
orientation to the international market and they compete successfully with
foreign products in the local market. The MER, as we would expect, is high
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- 48.3 per cent of the growth in production in the period 1975-80 was sold
in the international market.

The types of products produced in these industries are basically of three
kinds. One subgroup consists of simple metal products. The sectors within
this subgroup are household metal products, metal doors, iron wire
products, structural metal products, metal cans and shipping containers.
The second large subgroup consists of four sectors: electric lamps, radios,
TVs and other electronic sound appliances. Finally, in Group 1 we have
the sectors covering coils and transformers and wooden and other ships.
These products are generally characterized by a technological simplicity in
terms of their intensity in use of engineers and technicians.

Group 2 There are 15 branches in this group, which accounted for 30.1
per cent of the value of production in the Korean engineering industry in
1980. They are characterized by

® a low export share;
* a low import share;
* a low to high net export ratio.

These products are thus traded to a very little extent. The net export
ratio varies from low to high but there is a large element of chance in the
determination of the net export ratio given the marginal character of the
trade. The net export ratio is therefore of little interest to us in this group.
The MER is very low, 12.7 per cent, which clearly suggests an import
substituting character of this group.

Within this group we can find, on the one hand, home electrical appliances
(refrigerators, laundry appliances, electric fans and other household equip-
ment), and on the other, large parts of the transport industry (railroad vehicle
parts, passenger motor cars, buses, trucks, bicycles and parts, motorcycles
and parts as well as farm machinery). In this group we also have metal

fittings, insulated wires and cables, batteries and other electronic parts and

components.

The products in this group are generally of medium to high technological
complexity. The product groups within the transport industry are those that
are greatly affected by flexible automation techniques in OECD countries,
the automobile industry in particular,

Group 3 There are 16 branches in this group, which accounted for 22.0
per cent of the output of the Korean engineering industry in 1980. These
are characterized by

® a low export share;
® a medium to high import share of investment;
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* a strongly negative net export ratio;
* an MER of only 10 per cent.

Thus, an inward orientation of the industry is coupled with a high import
ratio. The types of products within this group are mainly mechanically or
electrically based machinery. The sectors are: metal-cutting machinery,
metal processing machinery, construction and mining machinery, textile
machinery, other general industrial machinery, office and service machinery,
sewing machines, other industrial machinery, general machinery parts,
power generating machinery, dynamos and motors, transformers and other
electrical industrial apparatus. Some other sectors are also included in this
group, namely motor vehicle parts, railroad vehicles and wire communication
equipment.

The products in this group are typically highly intensive in use of engineers
and technicians and constitute the ‘true’ machine building industry. It is
here we find those products which are judged to be most affected by flexible
automation in the QECD countries.

Group 4 There are 14 branches in this group, which accounted for 20.5
per cent of the production of the Korean engineering industry in 1980. They
are characterized by

a low to medium net export ratio;

a medium to high import share of investment;
a medium to high export share;

a very high MER, 67.8 per cent.

The dominant category in this group is electronically based products,
where we would expect a great deal of re-export of imported parts and
components after assembly (electric transmission equipment, wireless
communication equipment, electronic calculators, electronic tubes, semi-
conductor elements, integrated circuits, resistors and condensors). We also
find woodworking machinery and steel ships in this group as well as other
transport equipment, ship parts, other metal products, bolts, nuts, screws
and teols. In terms of technological complexity, this group is somewhere
in the middle.

Hence, we have two groups which can be called import substitutors (Group
2 and Group 3), and which accounted for 52.1 per cent of the production
in value of the Korean engineering industry in 1980. Two groups are
basically export oriented (Groups 1 and 4) and accounted for the remaining
47.9 per cent. The import substituting industries are clearly those of higher
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technological complexity whilst those goods produced under an export
oriented scheme are relatively simple ones. Furthermore, it is mainly among
the import substituting industries that we find the greatest effect of flexible
automation techniques in the OECD countries.

In the longer run, however, Korean, and other advanced developing
countries’ ambitions lie in reaching international competitiveness in the
technically more complex products also. Given the slow diffusion of the new
techniques to the developing countries, we believe that it will be even more
difficult for the developing countries to realize this ambition after the current
rapid automation of the engineering industry in the OECD countries. This
means not only that the developing countries will have additional problems
of earning foreign exchange through exporting more complex capital goods.
It also means that to the extent that the unequal global diffusion of the new
techniques is associated with differential productivity increases, the social
cost of fostering the production of more complex capital goods for the home
market in the developing countries will increase.

As far as those product groups that are produced under export schemes
are concerned, the Korean example suggests that they are on the whole
not greatly affected by flexible automation techniques. This would suggest
that the flexible automation techniques do not pose a threat to the competi-
tive position of the Korean producers in their present chief lines of export
in the engineering industry. Let us broaden the discussion, however, to
include the other developing countries and then investigate whether the
result from Korea is generally valid.

It is probably true that the export pattern often does not reflect the
structure of production in the engineering sector of most developing
countries. On the whole, the export share of production, and the import
share of investment of engineering goods, is very low in the major capital
goods producing NICs. This can be seen in table 12.3. With the exception
of Singapore, there is therefore no reason why exports should give a good
reflection of the structure of production.

In appendix table 12.1, data are presented for those product groups that
were previously judged to be most affected by flexible automation tech-
niques, as regards their significance in all the developing countries’ exports.
Column (1) presents the share of the developing countries in world export
in 1983. Column (2) presents the percentage by which the export growth
of the developing countries exceeded the growth of exports of the world
in 1970-83. On average, the developing countries’ exports of all engineering
products grew 107 per cent faster than the world exports in this period
(UNCTAD trade data bank). In column (3) the share of the particular
product group in the developing countries’ total manufacturing exports is
presented.

Three observations can be made for the product groups (listed in appendix
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Table 12.3 Production and trade in machinery and transport equipment
in some developing countries, 1978-80

 Import/
Export/ apparent
production consumption

(%) (%)
China 1 5
Brazil 5 12
Mexico 4 29
Korea 23 38
India 5 13
Singapore 91 93

Source: UNCTAD TT/65.

table 12.1) that show the greatest impact of flexible automation techniques
in the OECD countries.

1 Generally speaking, the product groups show a low share for the developing
countries in world exports (column 1). The main exceptions are SITC 7293
(thermioni¢ valves and tubes, transistors etc); SITC 7221 (electric power
machinery); SITC 7118 (engines not elsewhere classified), which is very
small in terms of value of exports; and SITC 7115 (internal combustion
engines, not for aircraft),

2 Generally speaking, the growth rate in exports of the product groups listed
n the table is inferior compared to the average {107 per cent) for all product
groups in the developing countries (column 2). The exceptions are SITC
7341 (aircraft); SITC 7125 (tractors); and SITC 7221 (electric power
machinery).

3 With the exception of SITC 7293 (thermionic valves, transistors etc.),
the product groups listed are in the low to medium importance range in terms
of thetr share in the developing countries” manufacturing exports (column 3).°

Thus, those product groups where flexible automation technigues are having
the greatest timpact in the OECD countries are, generally speaking, among those
where the developing countries have been less successful in terms of exports. This
is probably simply a reflection of the high technological complexity of those
products that are mostly affected by flexible automation techniques. In the
Korean case, these products were produced within an import substituting
scheme and the same probably applies for the NICs in general. The relatively
poor export performance is therefore probably due to both the technical
complexity of these product groups and to the fact that they are produced
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within the framework of an inward looking industrialization. We cannot,
however, exclude the possibility that the relatively poor export performance
can at least partly, and particularly during recent years, be a function of
improved competitiveness of the OECD countries due to the adoption of
flexible automation techniques.®

In contrast, appendix table 12.2 shows those engineering product groups
in which the developing countries have captured a significant share of the
world export market. These products would appear to be more simple ones,
many falling into Groups 1 and 4 in the analysis of the Korean industry
above. In these product groups the impact of flexible automation techniques
has hitherto not been great.

We can thus draw four conclusions:

1 Those product groups that show the greatest impact of flexible automa-
tion techniques in the OECD countries constitute a large share of the value
of production in the engineering sectors of the NICs. Therefore, the impact
on the NICs is potentially great.

2 It would seem as if the product groups that are mostly affected
by flexible automation techniques in the OECD countries are predomin-
antly produced under import substituting schemes in the NICs. The
Korean case shows this in a very clear way. The export performance of
all developing countries for these products is relatively poor. The weak
export performance is probably mainly due to the fact that these product
groups are technically complex. We cannot, however, exclude the possibility
that flexible automation techniques have already had an impact on the
international competitiveness of the OECD countries at the expense of the
developing countries.

3 Given the slow diffusion of flexible antomation techniques to the NICs,
we believe that their ambitions to become internationally competitive in
the product groups that are now produced in an import substituting way
are running up against a new obstacle — the improving competitiveness of
the OECD countries due to a rapid adoption of flexible automation tech-
niques. This means that the developing countries will have greater problems
in competing in the international market, but also that the social cost of
fostering the production of more complex engineering products in the
developing countries will rise.

4 For those product groups in the engineering sector where the develop-
ing countries have had a good export performance, the impact of flexible
automation techniques is relatively minor. The uneven global diffusion of
flexible automation techniques therefore does not constitute a significant
threat to the present export performance of the NICs in the engineering
sector. On the whole, the product groups where the developing countries
have performed well are technologically simple.
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12.4 Policy Implications for the Developing Countries

Flexible automation techniques will be the dominant techniques in the
engineering industries of the developed countries in the future. At the same
time, we have seen that the diffusion of flexible automation techniques in
the developing countries is very much lagging behind that in the OECD
countries. We have also suggested that this unequal diffusion will have
negative effects on the developing countries’ ability to become competitive
in those product groups where the new techniques have the greatest impact.
What does this imply for the developing countries with regard to policy
and strategy? Should they ignore the new techniques or should they support
their diffusion?

The concept of ‘social carriers of techniques,” which was presented in
section 2.2.3, identifies a number of necessary conditions for adoption {and
diffusion) of a technique. An actor, e.g. a firm, would need to have informa-
tion about, access 1o and a subjective interest in adopting the technique.
That firm must also be organized to adopt and use the technique, have the
power to adopt it and the knowledge of how to use it. Under the assumption
that a firm needs to make profits, its subjective interest in adopting a given
technique can largely be seen as dependent upon the characteristics of the
technique in relation to other techniques and to the structural environment,
e.g. the relative factor prices, of the firm. The decision to adopt a technique
or not ¢an also be seen as being dependent upon the character of the actor.
In section 2.2.3 larger firms were suggested to be better equipped to adopt
new techniques than smaller ones, partly on account of larger risk taking
capacity and better access to information. Over time, we suggested that
two important determinants of the rate of diffusion of flexible antomation
techniques were the changing behaviour of the supplying industry and the
diffusion of information about the technique and its advantages. Let us,
in terms of this framework, discuss the reasons for the unequal rate of
diffusion of flexible automation techniques between the developed and the
developing countries.

The most obvious reason for non-adoption of flexible automation tech-
niques in the developing countries is that the characteristics of the technique
and the structural environment of the actors together do not create a subjective
interest of the actors to adopt the technique. For example, the poor use of
robots in Korea can to a considerable extent be explained by the relative factor
prices in Korea and the technical characteristics of robots in relation to manual
labour. However, as was shown in chapter 10, there are also other reasons for
not choosing robots in the Korean structurat context. In one particular case,
the lack of application engineering skills in Korea in conjunction with a refusal
by the supplying firm in Japan to send scarce application engineers to Korea
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was the main obstacle to adoption. Thus, fack of knowledge about how to use
the technique and the behaviour of the supplying industry became important
obstacles to the diffusion of robots.”

For NCMTs and CAD, we would argue that factors other than those
referring to the technical characteristics of the technique and the structural
environment — ¢.g. lack of information or skill shortages - are very important
or even dominating in explaining the present relatively low level of diffusion
in the developing countries. This means that the present low level of diffusion
of NCMTs and CAD would not fully, or perhaps not even mainly, be a
function of a lack of potential profitability from adopting the techniques. In-
stead, it would be an effect of other factors which can be altered through a
proper government policy. To the extent that these obstacles to diffusion could
be mitigated, the level of diffusion of flexible automation in the developing
countries could increase, and consequently some of the negative effects ex-
perienced now in terms of reduced international competitiveness could be
negated.

In particular, we would emphasize that CAD, together with NCMTs, is
the most interesting of the four flexible automation techniques from the point
of view of the developing countries. A basic reason for this is that in most
developing countries design capability is underdeveloped in relation to pro-
duction capability. Design and draughting experience is a scarce resource in
most developing countries. This is indicated by their heavy reliance on foreign
technical licences. Through two mechanisms CAD can help firms in develop-
ing countries to overcome a shortage of design engineers. First, CAD soft-
ware embodies accumulated design and draughting experience which, through
the CAD unit, can be put at the disposal of engineers based in the develop-
ing country. In other words, CAD may be used for leap-frogging in the

field of design in developing countries. Secondly, the productivity of the

design engineers can increase significantly with the use of CAD, which
means that fewer engineers are needed to finish a given design. CAD is
thus a skill-saving technique.

These productivity increases apply to basic design work, where CAD helps
the experienced design engineer increase his/her productivity through
eliminating the relatively simple and time-consuming draughting elements
of his/her work (Kaplinsky, 1983). For detailed design work, the produc-
tivity increases can be very large. This can be of special interest to firms
in developing countries which buy technical licences from abroad and often
need to modify these slightly in response to the local market and to match
raw material and component availability. In addition, CAD is a necessary
tool for some types of design, particularly in the field of electronics. Finally,
subcontractors, in the developed or the developing countries, must adopt
CAD if the buyers of the components specify the product in CAD terms
- which is beginning to be the case in some OECD countries.
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Hence, there are very strong reasons for the developing countries to adopt
CAD. It has also become easier to adopt CAD since the development of
personal computer-based CAD units since these are easier to master and
their low cost has also made it possible for smaller firms in the developed
countries to adopt CAD. Hence CAD has a large potential for diffusion
in the developing countries and as was pointed out in section 12.1, there
has indeed been a rapid diffusion of CAD in the NICs in the past years.

The prime characteristic of NCMTs in relation to manual machine tools
is that they save on skills among the operators. In addition, the productivity
per operator increases significantly. Jointly, this means that the operator
skill content per unit of output declines greatly with the use of NCMTs.
To this we need add, however, the possibility that the greater skill content
of the repair and maintenance staff for NCMTs reduces the extent of skill-
saving associated with NCMTs. Furthermore, it has to be emphasized that
certain skills, e.g. setting and repair skills, are necessary for the proper use
of NCMTs. But the number of individuals needed to hold these skills is
small in relation to the number of skilled machine tool operators required
with the use of conventional machine tools.

In conclusion then, the skill-saving associated with the use of CAD and
NCMTs is significant. This provides a strong argument in favour of a further
diffusion of these techniques in the developed countries. The case for
NCMTs may sometimes be strengthened, as we argued in section 3.4, by
the capital-saving nature of NCMTs in some applications. However, capital-
saving is probably not a general feature of the use of NCMTs.

Which then are the obstacles to the diffusion of, particularly, CAD and
NCMTs? In previous chapters we have argued that explanations for a slow
diffusion of a new technique, apart from the characteristics of the technique
and the structural environment of the (non) adopter, may lie in:

e 32 lack of information about the technique;
e 2 lack of knowledge about how to use the technique;
o the behaviour of supplying industry.

In chapter 2, we emphasized that the diffusion of information about new
techniques may be very slow. We also suggested that this obstacle to
adoption is especially important for the developing countries and, above
all, for firms that are not subsidiaries of multinational enterprises. The task
of providing information about new techniques to, primarily, national firms
in the developing countries is thus very important. A number of develop-
ing countries, e.g. India, Korea and Taiwan, have created national institutes
whose functions are partly to teach local entrepreneurs about the advantages
of new techniques. Apart from these activities, we would suggest that the
experiences of the developed countries in setting up ‘show cases’ could be
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fevaluated. In this way, private firms may subsidize their investment
in a new technique, e.g. a CAD. In return, they are expected to permit
Fepresentatives from other firms to study closely and Iearn from their
investment.

As far as knowledge and skills are concerned, this is basically a question
of the proper functioning of the education system. We would emphasize
that the technical training schools must reorient their curricula so that
relevant human skills are available. More specifically, this means, in the
case of NCMTs, that less emphasis should be put on educating traditional
machine tool operators and more emphasis be given to educating operators
of NCMT's and the associated programming, setting and maintenance staff.
In short, a limited number of engineers and technicians with a knowledge
of, inter alia, electronics, should be educated instead of a considerably larger
number of skilled operators of manual machine tools.

In the longer run, additional changes are needed. The skill requirements
associated with FMSs are rather different from those of stand-alone NCMTs,
The latter technique demands fairly specialized skills at a rather low level
whilst the former demands maintenance and repair personnel who are skilled
in a pumber of fields, e.g. mechanics, electronics, hydraulics etc. The
educational system must therefore be ready to provide skills which are not
of a traditional type. In terms of the design engineers educated, these will
need to be taught not only how to design with CAD, but also how to modify
CAD software.

As far as the behaviour of the supplying industry is concerned, we argued
in section 9.2.3 that the evidence suggests that a local NCMT industry in
the NICs normally provides higher priced items and in less variety than
are available on the international market. Naturally rather than being an
unavoidable state of affairs, this is rather a result of the way in which the
local industry is fostered. The local industry may, however, also have a
positive effect on the diffusion, since local firms appear to be more inclined
than foreign ones to teach local customers about the technique, and supply
good repair and maintenance services.

Indeed, the behaviour of the international industry in this respect provides
a strong argument in favour of fostering actors that supply these functions,
e.g. local firms producing, for example, NCMTs or CAD software. The
way in which these firms are fostered, however, is crucial for the rate of
diffusion. We noted in the discussion of access in section 9.2.3 that the
local industry provides a larger share of the local demand for NCMTs in
some NICs than is the case in the USA or the UK. This is to a considerable
extent a result of fostering of the local industry through applying quantita-
tive import restrictions, Another possibility is subsidized credit to local firms
producing the techniques — but not combined with import restrictions —
while the industry is in its infancy to ensure that local prices are not above
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international prices and that local industry has access to the whole range
of machines available in the international market. To the extent that foreign
suppliers are permitted to sell in the local markets - be it either CAD,
NCMTs, robots or FMSs - the government needs to make sure that service
follows sales through legislative or other measures.

In summary, many developing countries, i.e. Group A and Group B coun-
tries and some Group C countries - should support the diffusion of CAD
and NCMTs because of their skill-saving nature. Such support demands
educational efforts as well as government measures to build up, or
strengthen, maintenance and repair capabilities. For a few (Group A) coun-
tries it may also mean support to a local industry producing the techniques.

Industrial robots and FMSs are less relevant for the developing countries;
robots because of their factor-saving bias and FMSs because they are
immature and complex. In other words, there are at present no strong
reasons for governments to support their diffusion in developing countries,
except in a few semi-industrialized countries such as Singapore and Korea,
i.e. countries with a high technological capability and with fairly high wage
levels.?

Notes

1 We would also underline that if and when NCMTs and CAD are diffused to
a greater extent in the developing countries, the skill-saving character of these
techniques can be quite beneficial to investors in these countries. Indeed, to the
extent that skilled workers and design engineers are more scarce in the developing
countries than in the developed countries, NCMTs and CAD can be more
advantageous to investors in the developing countries than to investors in the
developed countries (see Jacobsson, 1982, for the case of NCMTs).

2 To the extent that Group C {and B) countries want to enter into production of
such capital goods, which are greatly affected by flexible automation techniques,
the adoption of these in the OECD countries and the NICs means that price
competition has become fiercer and the demands for short lead times greater.
The competitive environment has thus become tougher for new entrants.
However, the skill-saving effects of NCMTs and CAD can give some advantages
to Group B and C countries adopting the new techniques. As is discussed further
in the text, the developing countries need to adjust their educational system in
order to benefit from these skill-saving effects. Furthermore, the impact of flexible
automation techniques on the competitiveness of the developing countries would
appear to be different depending on what the alternative to flexible automation
is. If the alternative is manually operated, stand-alone machines such as
engine lathes instead of NCMTs, the impact on the developing countries appears
to be negative. However, if the traditional alternative to flexible automation is
fixed automation in the form of transfer lines, the picture alters significantly.
Transfer lines are normally used for the production of long series of homogeneous
products and are frequently used in the automobile industry, Fixed investment
is high and large scale production is needed to justify this investment. Generally
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speaking, investments of this type are less justified in the developing countries

than in the developed countries given the more limited market in the former. The Statistical Appendix to Chapter 12

move towards flexible automation observed in the developed countries, as shown, ] .
for example, in appendix tables 5.1 and 5.2, opens up a very interesting alternatives Appendix table 12.1 Export performance of the developing countries in
for those developing countries that have a smaller local market. These countries those product groups judged to be mostly affected by flexible automation
now have the opportunity to start producing products, such as diesel engines, with -
flexible automation, and compete with imported products at much lower volumes SITC group )+ 2) (3)
of production than was possible if the technique used was transfer lines.

3 There is a risk that those Group A countries that do not follow suit in the diffusion 7293  Thermionic valves etc. 18.4 50 3.15
of flexible automation techniques find themselves in the category of losers. This 7221  Eleciric power machinery 7.0 136 0.67
may be a large risk for all Group A countries with regard to products where 71128  Engines n.e.c. 6.5 83 0.05
robots and FMSs are used in the OECD countries, since these techniques are 7115  Internal combustion engines,
not widely diffused in the Group A countries. (In the case of robots and FMSs, not aircraft 4.2 50 0.69
Singapore seems to be an exception in this respect.} 7173

4 The product groups included were ISIC 3811, 3822, 3823, 3824, 3829, 3831, 3832 7191
and 3843. In the Swedish case, for which data are available, we have also included 7193
3845, The lower of the two figures for Korea results from including only parts of 7196 } Other non-electrical
ISIC 3832, which is ‘manufacture of radio, television and communication equip- 7197 machinery® 4.6 61 1.35
ment and apparatus’. In the calculation resuiting in the lower percentage wehave 7198
included only ISIC 38322 which is ‘manufacture of line communication equipment’ 7199
and ISIC 38325 which is ‘manufacture of electronic tubes and other electromic parts 7341  Aircraft 3.7 200 0.33
and components’, Unfortunately, the Swedish data are not detailed enough to 7184  Construction and mining
enable us to make an equivalent exclusion. In addition, the Swedish data include machinery 3.4 27 0.44
3845, For India problems arise from the fact that Indian industrial classification 7171
is different from the ISIC one. In the Indian figures we have included the following 72
groups: 343, 350, 351, 353, 354, 356, 357, 359, 360, 367, 374. The Swedish figures 7181 | Special industrial machinery
are from 1983 and the sources are Swedish Central Bureau of Staristics (1983). The 7182 excluding construction and
Korean data are from 1978 and the source is Economic Planning Board, 1984. The 7183 mining machinery® 2.9 67 0.21
Indian data are from 1978 and the source is Edquist and Jacobsson, 1982. 7185

5 With the exception of SITC 7293, the five product groups that had the highest 7328  Bodies and parts

share of the manufacturing exports of the developing countries in 1983 were: motor vehicles, excl.
SITC 7353, ships and boats, other than warships (3.66 per cent); SITC 7359, motorcycles 2.8 7 0.51
special purpose ships and boats (1.74 per cent); SITC 7242, radio broadcast 7125  Tractors 2.8 163 0.14
receivers (1.63 per cent); SITC 7249, telecommunications equipment n.e.c. 7192  Pumps and centrifuges 2.5 79 0.35
(1.62 per cent); SITC 7222, apparatus for electrical circuits (1.25 per cent). 7349  Parts of aircraft 2.2 6 0.23
(Sousce: UNCTAD trade data bank.) 7151  Machine tools for working

6 See Schumacher (1983) for an analysis of the determinants of developing metals 1.6 89 0.11
countries’ exports to the Federal Republic of Germany.

7 FMSs, compared to stand-alone NCMTs, are basically a labour-saving innovation, * (1) Developing countrics’ share of world export in 1983; (2) the percentage by which
where an FMS saves on both direct and indirect labour. Given this feature and developing countries’ export growth exceeds the growth in exports for the world in the period
the present immaturity of the technique, which means that it is very engineering- 1970-83; (3) the share of the various product groups in all manufacturing exports from the
intensive, we believe that it will not diffuse quickly in the developing countries. developing countries in 1983. ) _

8 FMSs may also decrease the minimum efficient scale of production — as compared b The composition of these SITC groupings roughly corresponds to ISIC groupings 3824 and
to fixed automation ~ for certain products. This may make them interesting for 3929.

the developing countries, since the sizes of their domestic markets are limited Source: UNCTAD trade data bank.

for many products (see n. 2). If this is the case, an adequate reorientation of
the educational system is needed.
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Appendix table 12.2 Top ten SITC four digit product groups
(engineering industry) as regards the share of the developing countries
in world exports, 1983

Skare in
world exports
SITC group (%)

7359 Special purpose ships 7

and boats 33.7
7242  Radio broadcast receivers 31.2
7316  Railroad and tramway freight

cars, not mechanically

propelled 26.2
7353 Ships and boats, other than

warships 21.7
7241  Television broadcast receivers 20.8
7293  Thermionic valves etc. 18.4
7358  Ships, boats and other

vessels for breaking up 13.2
7250  Domestic electrical

equipment 12.0
7315  Railroad and tramway

passenger cars, not

mechanically propelled 9.0
7291  Batteries and accumulators 8.9

Source: UNCTAD trade data bank.

PART IV
Main Findings
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Review and Conclusions

The engineering industry is undergoing a fundamental technological
transformation, This transformation is taking place in all spheres of engineer-
ing enterprise, including design and preduction. The objectives of this book
have been to describe and analyse the process of diffusion of four techniques
which are all central to the development of the ‘factory of the future’, These
techniques are numerically controlled machine tools (NCMTs), robots,
flexible manufacturing systems (FMSs) and computer aided design (CAD)
systems. The book has covered not only the diffusion of these techniques
in the advanced OECD countries, such as Japan and Sweden, but also in
the so-called newly industrializing countries (NICs). The book thus attempts
a global analysis of the diffusion of new techniques. One objective has
been to describe the process of diffusion and to discuss the determinants
and obstacles to this diffusion. Another important objective has been to
address some consequences of this diffusion. For the advanced OECD
countries we have tried to contribute to the debate on the impact of new
techniques on employment and international competitiveness. For the
NICs, our concern, apart from description and analysis of the diffusion
of the new techniques, has been to analyse to what extent this diffusion
affects the competitiveness and the industrialization prospects of these
countries.

The book has been divided into three parts and we will now summarize
the main findings of each.

13.1 Part I Introduction

Apart from a more general introduction to the book, Part I presents a
conceptual framework for our study on the diffusion of the new flexible
automation techniques. We distinguish between three different, although
overlapping, approaches to the diffusion of techniques. The first combines
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a structural and an actor-oriented approach and proposes that three different
determinants be focused upon, namely:

1 The character of the new technique in relation to the old technique,
e.g. whether it saves on labour or/and capital etc.

2 The structurat environment of the (non)adopter, e.g. the factor prices
prevailing and the infrastructural conditions existing in the society.

3 The character of the actors as such, e.g. the size and other characteristics
of the (non)adopter.

The second approach looks at the diffusion process in a dynamic way
and identifies three different stages in the diffusion process, namely, the
introductory phase when the technique is first used, the growth phase when
the rate of diffusion of the technique accelerates greatly, and the maturity
phase when the technique has reached its potential diffusion level and the
situation is stable until a yet newer technique begins to substitute for the
now older technique. Often it is assumed that the diffusion over time takes
the shape of an S-curve. This approach identifies as key determinants of
the movements of the various techniques along the S-curves the behaviour
of the supplying industry and the diffusion of information.

The third approach is more general and incorporates many of the elements
of the other two approaches. The concept of ‘social ¢carriers of techniques’
identifies a number of necessary conditions for adoption and diffusion of
a technique. An actor, e.g. a firm, needs to have a subject interest in
choosing the technique, to be organized to be able to take the decision,
to have the power to materialize its interest, to have information about the
technique, have access to the technique and have the knowledge of how
to handle it. If these conditions are fulfilled, the actor is a social carrier
of a technique and the technique is adopted. At the same time, if one of
the conditions is not fulfilled, the technique is not introduced and the
unfulfilled condition can be seen as an obstacle to the diffusion of the
technique. A government policy can therefore identify unfulfilled conditions
as points of intervention.

In the subsequent analyses, we use a mixture of these approaches, depend-
ing on the objectives of the sections, In the second part of the book, dealing
with the diffusion of flexible automation techniques in the OECD countries,
our objective is primarily to describe the diffusion of these techniques and
to assess their degree of maturity. Hence, the second approach dominates
but we use the first also. In the section dealing with the NICs, where the
degree of maturity of the techniques is given, our objectives include a
somewhat more ambitious discussion of the determinants of the diffusion
of the techniques, including a discussion of the reasons behind the slower
diffusion in the NICs than in the OECD countries. Emphasis is therefore
given to the first and third approaches.
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13.2 Part II The Diffusion of Flexible Automation
Techniques in the Engineering Industries
of the OECD Countries

In Part II we describe the four techniques and their diffusion. We also
discuss the impact of this diffusion on employment and international
competitiveness.

13.2.1 NUMERICALLY CONTROLLED MACHINE TOOLS

The bulk of production in the engineering sector is accounted for by
small and medium batches. Flexible machine tools are therefore required.
Numerically controlled machine tools (NCMTs) represent a flexible tech-
nique that is also automated, in contrast to flexible, manually operated
machine tools, e.g. engine lathes. NCMTs were invented in the 1950s, but
did not begin to be diffused on a large scale until the mid 1970s. For
example, in Sweden, the share of NCMTs in total machine tool investment
rose from 26 per cent in 1987 to 59 per cent in 1984.

However, the use of numerical control varies greatly between different
types of machine tools. It is primarily metal-cutting machine tools, as
distinguished from metal-forming machine tools, that are equipped with
numerical control units. Furthermore, among the metal-cutting machine
tools it is primarily those machine tools that perform milling, drilling, boring
and turning functions that have been transformed into NCMTs. In the
leading OECD countries, 76 per cent of the value of production of those
machine tools performing these functions were NCMTs in 1984. For
grinding and finishing machines, however, the corresponding figure was
only 11 per cent, i.e. there are also considerable differences within the group
of metal-cutting machine tools.

NCMTs, especially those performing the above-mentioned functions,
went through their growth phases - in the S-curve terminology — in the
mid and late 1970s, and are now in the maturity phase. This is reflected
in the size distribution of those firms that use NCMTs, where smaller and
medium-size firms dominate in both Japan and the USA.

The process of maturation of the NCMTs technique was intimately
connected to the behaviour of the supplying industry. It was primarily
the behaviour of some leading Japanese firms which led to a global restruc-
turing of the NCMT industry. They successfully targeted on the needs of
the smaller and medium-size firms, which demanded a slightly different
technique than was hitherto available in the market. This led the industry
to, and beyond, the point of maximum curvature on the S-curve.

The industrial distribution of NCMTs reflects quite closely the importance
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of machining in the various stages of the production process. Other
considerations, such as the demand for flexibility or precision, also influence
the extent of use of NCMTs. Among the large number of branches in the
engineering sector, it is the following which show the greatest use of NCMT's
(in the USA):

Construction, mining and material handling equipment.
Miscellaneous machinery, except electrical.
Metal-working machinery.

Miscellaneous transport equipment.

Engines and turbines.

General industrial machinery.

Special industrial machinery.

As would be expected from a mature technique, the economic efficiency
is well established. Given that machining plays a role in the production
process, the use of NCMTs is basically seen as a way to reduce costs per
unit of output. It is clear that labour productivity normally increases greatly
with NCMTs. Capital productivity may also increase in some cases. A
further important aspect of the use of NCMTs is that it saves greatly on
skilled labour per unit of output.

13.2.2 INDUSTRIAL ROBOTS

Robots began to be diffused in the 1970s. In the period 1974-84 the average
annual rate of increase in the stock of robots was 44 per cent in the major
OECD countries. The robot technique could be said to have entered into
its growth phase around 1980, where it clearly is now. In 1984 the global
investment in robots amounted to between US$1,200 and 1,300 million,
out of which Japan accounted for around US$800 million.

In 1984 around 100,000 robots existed in the OECD countries. Of these,
65 per cent were installed in Japan, which also leads in the ‘density’ in use
of robots. In 1984 Japan had 113 robots per 10,000 employees in the
engineering industry, whilst Sweden had 70 and Belgium 28. The UK was
at the bottom of the league with nine robots per 10,000 employees in the
engineering industry.

Robots are divided into three categories — handling, process and assembly
robots. Process robots are currently the dominant type and among these
welding robots account for the majority. Handling robots comprise the
second most important category.

Hitherto, assembly robots have not diffused to any significant degree.
Therefore one of the most interesting features of robot diffusion is the
growth in the proportion of assembly robots. In the Federal Republic of
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Germany, for example, this proportion increased from 4 per cent of the
stock of robots in 1980 to 7 per cent in 1984, During 1985, 301 assembly
robots were installed in the FRG, i.e. the stock increased by 67 per cent
to 753 units. This development is of great interest, given the fact that a
very large share of the total hours worked in the engineering sector is spent
on assembly operations. Until recently, this task has mainly been carried
out manually, but, for example, the assembly of windscreen wipers at one
Electrolux factory in Sweden is now being carried out by robots.

It was the automobile industry which began to use robots on a larger scale
and it is still the dominating user industry. However, other sectors, notably
the electrical and non-electrical machinery industries, are now adopting
robots also. With the exception of the UK, however, it seems as if the larger
firms are still dominating over smaller and medium-sized ones in the use
of robots.

The adoption of robots is, in the short run, mainly motivated by reduced
costs for unskilled and semi-skilled labour. Hazardous work environments
can also be a contributing factor. In the longer perspective, however, firms
often buy robots in order to upgrade the technological level of the enterprise.
The benefits of the investment lie therefore partly in knowledge generation,
which is expected to become a benefit, in narrow economic terms, only in
the more distant future. Investment in robots is thus sometimes considered
to be a strategic investment, motivated by the role robots play in the
development of more advanced manufacturing systems.

13.2.3 FLEXIBLE MANUFACTURING SYSTEMS

The diffusion of stand-alone NCMTs has now become rapid. The main
development in the past few years has been the introduction of production
systems which are both flexible and automated. As an overall term for
these systems, flexible manufacturing systems (FMSs) is normally used.
However the term covers systems of different sizes and with different
degrees of automation. In this book we distinguish between flexible manu-
facturing modules (FMM:s}, flexible manufacturing cells (FMCs) and flexible
manufacturing systems proper (FMSs), FMMs are the smallest systems,
comprising one NCMT with an automated material handling ynit and a
monitoring system. FMCs are systems with at least two NCMT's whilst
FMSs proper are larger systems, A FMM is normally chosen when the
number of variants is great and each is produced in smaller batches. A FMS
proper is normally used when the number of different parts is smaller, e.g.
10-100, but each variant is produced in larger batches.

The diffusion of FMMs, FMCs and FMSs is of relatively recent origin.
All the systems are probably in their introductory stages. This applies in
particular to FMSs proper. In 1984-5 it was reported that around 300 FMSs
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‘uncomplicated technique and this is a further advantage to the user. As

far as FMCs are concerned, it is claimed that the payback period for an
FMC usually ranges from two to four years, which is quite a normal payback
period for machine investments. This is a more complicated technique,
however, and often a lot of engineering effort needs to be put in by the
user in the running-in stage. Finally, FMSs proper have until recently been
characterized as mainly experimental. The evidence tends to suggest,
however, that real economic benefits are accruing to users in terms of both
reduction in unit costs and a decrease in lead times.

13.2.4 COMPUTER AIDED DESIGN

Computer aided design (CAD) dates back to the end of the 1960s when
mainframe computer-based design systems began to be marketed. With this
technique the designer can communicate with a computer which serves as
an electronic draughting board. Later, minicomputer-based systems became
available and in the early 1980s CAD systems based on personal computers
(PCs) emerged.

The most remarkable development of CAD in the 1980s is clearly the
appearance and growth sales of PC-based systems. The example of Sweden
can illustrate the development. In 1982 there were 205 mainframe- or
minicomputer-based CAD systems in Sweden. This was before the PC-based
units were sold in that country. Assuming that on average each of these
larger systems had four workstations connected to it, this would mean that
around 800 workstations existed for CAD work in 1982. From 1983 to
September 1985 one supplier alone sold 750 PC-based systems in Sweden,
that is, almost as many workstations as the total stock in 1982. Hence, the
emergence of PC-based systems led to a very rapid diffusion of CAD in
Sweden. This applies also to the global situation and it is estimated that in
1985 around one-third of the CAD workstations available were based on
PCs. With the emergence of PC-based systems, it is clear that CAD is well
into its growth phase. This is also evidenced by the fact that whilst the larger
CAD systems were almost exclusively sold to large firms, PC-based systems
are also being adopted on a large scale by smaller firms. In the Swedish case,
about half of the PC-based CAD units were sold to smaller firms in 1984.

As far as the sector-wise distribution is concerned, the electronics industry
is the single most important user both of the larger and of the PC-based
systems.

The most common reasons for introducing CAD are:

o Improved productivity for designers and draughtsmen.
* Shortening the lead time from conception to production and from order

to delivery.
e Performing work which is too complex for manual design and drawing.
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The motives for introducing CAD vary however between industries. In the
electronics industry, the complexity of the product, e.g. integrated circuits,
makes the use of CAD imperative. In the automobile and aerospace industry,
a dominating motive lies in shortening the lead time from design to produc-
tion and in perfecting the product design. In the mechanical machinery
industries an important reason for the use of CAD lies in the rationalization
potential in situations where a given basic design is used for a range of
machines, e.g. different sizes of paper machines or pumps. This type of
application is now growing in the mechanical engineering sector.

13.2.5 FLEXIBLE AUTOMATION AND
INTERNATIONAL COMPETITIVENESS

Having addressed the process of diffusion of the four flexible automation
techniques, we proceed to discuss the effects of this diffusion on international
competitiveness among the advanced OECD countries. The impact is first
analysed through assessing the quantitative importance of robots and
NCMTs in investments in machinery and equipment in some advanced
OECD countries. With the exception of the USA, the trend is clearly a
sharply rising share for these two techniques in investment in machinery
and equipment.

The sector-wise distribution of the stock of flexible automation techniques
is then focused upon. The metal product sector (ISIC 381} is badly repre-
sented, whilst the remaining sectors have a fair share of several of the
techniques, CAD, however, is mainly used in the electrical machinery
industry (ISIC 383) whilst FMS is mainly used in the non-electrical
machinery industry (ISIC 382) and in the transport machinery industry
(ISIC 384), which also dominates the use of robots.

In terms of product groups affected by flexible automation, we identify
the following as the prime ones:

Automobiles.

Heavy electrical equipment,

Aircraft and parts.

Cutting tools, pumps, valves and compressors,
Construction machinery, tractors and machine tools.
Special industrial machinery.

Electronic components.

In terms of the impact at firm level, two case studies are reported on firms
producing submersible pumps and diesel engines. The case studies clearly
show the importance of the new techniques in these firms. The technological
transformation that these firms are undergoing results in a reduction in unit
costs and a reduction in lead times. The case studies also show that a range
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of factors other than new techniques need to be considered when analysing
the competitiveness of these firms. However, although the cost efficiency
of the plants is certainly not the only factor determining the competitive
strength of firms, one can, on fairly safe grounds, suggest that the profit
level is quite sensitive to the introduction of the new techniques and to the
skill with which they are applied. A positive effect on the profit level of
a firm can well be of great importance to its long-term survival and
development.

It then becomes of interest to compare the level of diffusion of the new
techniques between the various advanced OECD countries. We calculate
‘density’ measure which comprises the number of units of each technique
installed divided by millions of employees in the engineering industry. A
comparison is then made for the four techniques for the Federal Republic
of Germany, Japan, Sweden, the UK and the USA. Two main results of
the comparison are:

1 Among these countries, with the exception of CAD, Japan and Sweden
have much greater densities than the other countries.

2 There is a considerable discrepancy between the four techniques as
regards the size of the difference in densities, where the greatest dis-
crepancy occurs for the less mature techniques. For NCMTs the density
varied in 1984 by a factor of 2.1. For CAD, robots and FMSs the factor
was 5.1, 14.5 and 18.3 respectively. There is thus a very considerable
difference in the density in use of these techniques.

To illustrate the length of the period during which early adopters can
make ‘super-normal’ profits on account of an early introduction of these
new techniques, the diffusion process in very similar countries (Sweden,
Federal Republic of Germany, the UK and the USA) were studied. In 1967,
a discrepancy in density of NCMTs between the slowest diffuser, the FRG,
and the leading nation, the USA, of a factor of 9.3 was recorded, whilst
the discrepancy between the leading and the slowest diffuser was reduced
to a factor of 4.7 in 1976 and finally to a factor of 2.1 in 1984. Thus, it
took 17 years for the national differences in densities to be reduced to a
maximum of a factor of 2.1, which is still, however, a surprisingly high
figure, As for NCMTs, we expect that the discrepancy in densities for the
other techniques will be reduced over time. However, as the example of
NCMTs illustrates, the length of the period in which the early adopters
can earn ‘super-normal’ profits may be quite long — between one and two
decades. However, as mentioned above, the use of new production and
design techniques is only one determinant out of many of the international
competitiveness of firms and countries.
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13.2.6 FLEXIBLE AUTOMATION AND EMPLOYMENT

The relation between technical change and employment is a highly complex
issue that can be discussed at a number of levels, e.g. machine, firm, sector,
and country. Technical change can, furthermore, affect both the quantitative
and the qualitative sides of employment. Finally, there are a number of
determinants other than technical change that influence employment.

In terms of the guantitative effects on employment at the machine level,
it is clear that flexible automation techniques have a substantial labour
replacement effect. There are less opportunities for work with the new
techniques than there would have been with the old, given the same output
level. Taking the cases of NCMTs and robots jointly, an equivalent of
between 2.3 per cent (UK) and 6.9 per cent (Japan) of the workforce in
the engineering sector have been replaced. This estimate is, for a range of
reasons, Very conservative.

However, the fact that Japan has the lowest and the UK the highest rate
of unemployment illustrates that it is impossible to aggregate the effects
at the machine level to the national level. It is indeed not possible to make
such an aggregation even to the firm level. At the firm level, compensa-
tionary effects may operate, e.g. through an increased demand due to, for
example, improved competitiveness. At the national level, the general
economic policies of governments strongly influence the demand for labour,
as do attitudes to unemployment and associated policies. Political priorities
often act as 2 powerful determinant of unemployment, which we illustrate
in our discussion of Cuba after the revolution in 1959.

In terms of the gualitative effects of technical change on employment,
NCMTs are generally speaking associated with a de-skilling of the operators.
At the same time, however, a number of highly skilled jobs are associated
with the programming, setting, repair and maintenance of the NCMT. In
spite of this, a substantial reduction in the skill content per unit of output
is linked to the use of NCMTs. The de-skilling of the operator, however,
is not solely or fully determined by the technique as such. There are many
ways of using NCMTs, including the case where the operator is a very skilled
worker who himself does the programming and setting as well as other less
qualified tasks. Another possibility, which appears to be the most common
one, is that the more qualified tasks are carried out by engineers and
technicians, leaving only the tasks requiring little qualifications to the
operator. Owing to the de-skilling of the operators and an improved labour
productivity, the use of NCMTs is thus associated with a large decrease
in the skill content per unit of output.

In the case of robots, those employees which are replaced are normally
unskilled or semi-skilled workers, whilst of those jobs that are created
(e.g. in maintenance and repair) more than 50 per cent are highly skilled.
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Consequently, the introduction of robots is on the whole positive in terms
of skill requirements and quality of jobs.

In the case of FMS, it is even more pronounced that the new jobs created
are of a more qualified nature than those that they replace. This applies
both to the installation and running-in phases and to the operation, repair
and maintenance aspects. Often the skills required are mixtures of several
different kinds of skill, such as electronics, mechanical engineering and
hydranlics. In summary, as far as robots and FMSs are concerned it is clear
that fewer people are required per unit of output, and that these few need
to have higher qualifications than the previous jobs required.

13.3 Part I The Diffusion of Flexible Automation
Techniques in the Engineering Industries of the
Newly Industrializing Countries

In Part ITI we describe the diffusion of the flexible automation techniques
in the NICs, address the determinants of the level of diffusion and discuss
the consequences of this diffusion for international competitiveness of the
NICs. The latter discussion is presented in the final chapter (chapter 12)
of Part III, where we also discuss policy implications for the developing
countries.

13.3.1 NUMERICALLY CONTROLLED MACHINE TOOLS

The stock of NCMTs in the NICs varies between 500 (Argentina, 1985)
and 2,680 (Korea, 1985). In terms of the share of NCMTs in total investment
in machine tools, the NICs vary between 7 and 23 per cent, whilst the range
in the OECD countries was between 40 and 62 per cent in 1984. Hence,
the NICs are far behind in the diffusion of NCMTs.

Those NCMTs which are diffused in the NICs are distributed sector-wise
in broadly the same way as in the OECD countries, with the non-electrical
machinery industry (ISIC 382) and the transport machinery industry
(ISIC 384) as the dominating sectors. As would be expected, given the
relatively slow diffusion, the larger firms dominate in the use of NCMTs.
The exception appears to be Argentina, where smaller and medium-sized
firms are adopting the new technique to a considerable extent.

Which then are the determinants of diffusion of NCMTs in the NICs?
In the following discussion on NCMTs we use the concept of ‘social carriers
of techniques’ to provide the structure of the discussion. (The same applies
to the subsequent sections dealing with the diffusion of CAD and robots/
FMS in the NICs.) '

Of the six conditions defining a social carrier of technique, we do not
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deal with conditions 2 (organization) and 3 (power), as these are normally
automatically fulfilled by firms in capitalist countries. Instead, we refer to
conditions 4 to 6 (information, access and knowledge) and to condition 1
{(interest). :

From a range of studies undertaken in the NICs, it is clear that substantial
problems have existed and still exist as regards the diffusion of information
about NCMTs. This was also the case in Europe a decade ago. This is
particularly a problem for the smaller and medium-sized firms which adopt
NCMTs slower than do the larger firms.

Access to the new technique is often more restricted in the NICs than

in the developed countries on account of the import restrictions prevalent
in many countries. These restrictions often have the effect that the import
share of investment in NCMTs is higher in the OECD countries than in
the NICs. This is very serious, since a key feature of the international
NCMT industry is a considerable product differentiation. Firms in specific
countries normally specialize in the production of limited set of models/
sizes and imports cover the remaining domestic demand. With the exception
of the Japanese industry, no OECD country can satisfy local users with
all types of NCMT. Obviously, the low import share of investment in
NCMTs in the NICs means that local firms’ access to some versions of the
new technique is restricted.

As far as knowledge about how to use and maintain NCMTs is concerned,
available evidence points to problems in the supply of repair and main-
tenance service from the producers and a general lack of maintenance skills.
Partly these problems occur as a consequence of suppliers’ lack of interest
in the relatively small NIC markets. This opens up the possibility that local
suppliers can achieve a competitive strength on the basis of a better supply
of these services.

Clearly, problems regarding information, access and knowledge retard
the diffusion of NCMTs in the NICs, in particular for medium and small
firms. However, would we expect firms in NICs to have a similar interest
in adopting the techniques as OECD firms?

The choice of technique is in reality a very complex issue where a great
number of determinants are at work, Only the more central ones are discussed
in this book. In the literature, the opinion is often put forward that purely
technical reasons, e.g. precision requirements, can partly explain the
adoption of NCMTs in the NICs, Whilst it may well be so for a very limited
number of products, we argue that the literature overrates this determinant
on account of the fact that in the NICs the skill level among the conven-
tional machine tool operators is often not adequate to produce components
with high and consistent quality. In such instances, and if adequate
programming, setting and maintenance skills are available, NCMTs can be
chosen on account of the regular and high quality of their output.
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Given that there is a choice between conventional machine tools and
NCMTs, another important determinant of choice is factor prices. This
refers to both the price of labour and the price of the machines as well as
the interest rate. Generally speaking, NCMTs are applied when the batch
to be produced is of medium size. However, if the labour costs are relatively
low, the more labour-intensive conventional machines will be chosen to a
greater extent. The same applies if the cost of the NCMTs is more inflated
than the cost of conventional machines - as compared with world market
prices. Naturally, this means that the protective policies vis & vis the local
NCMT industry can have a profound effect on the interest of local firms
in adopting this technique. It is also the case that NCMTs produced locally
in the NICs are very costly in relation to the world market prices.

The expected capacity utilization is a further important determinant of
the choice of technique. It may be that management perceives that it is easier
to control capacity utilization with more automated techniques that reduce
the control of the machine operators. This is not an unusual factor behind
the choice of NCMTs in India.

Finally, as mentioned above, NCMTs are normally used when medium-
sized batches are to be produced, although the application areas of NCMTs
are currently being expanded to both smaller and larger batches. The type
of market served by the potential adopter is therefore a further determinant
of the choice between conventional machines and NCMTs. To the extent
that the NICs produce more simple products in larger series, the potential -
for adopting NCMTs in the NICs would be less than in the OECD countries.
Whilst this may be true, it may also be the case that the predominantly
inward-looking NICs, at least when it comes to the engineering industry,
require more flexible equipment than their OECD counterparts, since the
local market for individual products is relatively small in the NICs. This
would mean that in the NICs there may sometimes be a choice of NCMTs
instead of more inflexible automatic machines which are used in OECD
countries when very large batches are produced.

13.3.2 INDUSTRIAL ROBOTS AND
FLEXIBLE MANUFACTURING SYSTEMS

The diffusion of robots in the NICs is still quite limited, with the exception
of Singapore. It is the leading adopter among the NICs and has a density
of use which is greater than that of the Federal Republic of Germany, the
UK and the USA. An important obstacle to a wider diffusion of robots in
the other NICs is the behaviour of the suppliers, which affects information
about, access to and knowledge of how to use robots. A lack of local
application engineering capability may be a particularly severe obstacle,
which is further underlined by a reluctance on the part of foreign suppliers
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to send scarce application engineers to marginal markets. Of course this,
as in the case of NCMTs, opens up the possibility for local suppliers to
compete. A fair number of the installed robots in the NICs are indeed
locally made.

Robots substitute for unskilled or semi-skilled labour and the choice is
very much a matter of straightforward capital-labour substitution. The low
wages in the NICs do, of course, generally speaking reduce the interest
in adopting the technique. For example, the annual cost of an employee
in the transport machinery industry in 1981 was nearly four times higher
in Japan than in Korea. However, for some specific applications, e.g. spot
welding of automobiles, the payback period can be so short that the interest
in adopting the new technique exists even in the NICs.

As far as FMS is concerned, the information varies in reliability between
the countries. In Korea, in 1986 there were at least three FMSs proper
(implying a density at the same level as the USA) and a number of smaller
systems. The diffusion of the various types of systems has clearly begun
in Korea and an interesting feature is that the early adopters are machine
tool firms. One effect of this may be that there develops a local supply
capability in Korea which can have important positive effects on the local
diffusion of FMSs. As far as the other NICs are concerned, there may be
FMSs in India and Singapore, although the systems referred to may be
FMC. In Brazil, there is no FMS.

13.3.3 COMPUTER AIDED DESIGN

Computer aided design (CAD) systems are clearly being diffused to a
considerable extent in the NICs. The stock of CAD seats varies from 74
(Argentina, 1983) to over 700 (in Korea, 1986 and India, 1987). In terms
of the density in use of CAD, Korea and Singapore are the most advanced
of the NICs, although most of Singapore’s CAD systems are used outside
the engineering industry.

As regards the determinants of the diffusion of CAD} in the NICs, there
are considerable problems with information, access and knowledge. Even
in Korea, there is a general lack of information about CAD and, further-
more, a lack of trained personnel to use CAD. The behaviour of the supplier
also has a negative effect on the diffusion of CAD. There was, at least in
1984, a great deal of reluctance on the part of suppliers to get involved in
the Korean market. In the Indian case the US government has applied an
embargo, which virtually put an end to the diffusion of CAD until a local
firm began to sell PC-based units.

The interest of firms in adopting CAD lies in several diverse factors.
Naturally, the would-be adopter would need to undertake at least the
detailed design activity within the firm in order to be interested in adopting
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CAD. This condition is not fulfilled by a large number of firms in the NICs
which rely on their licensor even for the detailed designs. However, once
detailed or even basic design work is undertaken, what then are the reasons
for adopting CAD?

For some firms, mainly in the ¢lectronics industry, the choice of CAD
is technically determined. Today, the same reason could also be seen as
applying to the design of chemical and other process plants. The ability
to meet short lead times is also an important factor, particularly in the
shipbuilding industry. A further important determinant is more specific
to the NICs. In those countries, typically Korea, which are rapidly changing
the structure of their industry and are experiencing a fast growth rate, a
shortage of experienced design engineers arises. CAD can be very useful in
such a situation for two reasons. First, CAD programs embody accumulated
design and draughting experience which is then made available to the
inexperienced designers. Secondly, CAD increases the productivity of the
designers available, which means that a smaller number of experienced
designers are needed per unit of output.

13.3.4 IMPLICATIONS FOR THE DEVELOPING COUNTRIES

It is clear that the NICs have a much lower level of diffusion of flexible
automation techniques than do the OECD countries. Taking five OECD
countries jointly (Federal Republic of Germany, Japan, Sweden, the UK
and the USA) and comparing their densities in use of NCMTs, robots and
CAD with those of five NICs (Brazil, India, Korea, Singapore and
Yugoslavia), it is shown that for NCMTs the density in the OECD countries
is 8.5 times that in the NICs; for CAD it is 8.3 and for robots it is 43.0.
The data also reveal that the distance between the OECD countries and
the NICs is the smallest for the most mature techniques, NCMTs and CAD.
Still, however, the discrepancy is very great. Furthermore, in the case of
NCMT, the NICs do not appear to be catching up with the OECD countries.
They are far behind in terms of the share of investment in machine tools
that is accounted for by NCMTs, Moreover, in terms of the rate of growth
in the stock of NCMTs, they are not surpassing the OECD countries in any
significant way. For CAD, however, the NICs are adopting the technique
at a faster rate than the developed countries and the gap in densities has
been reduced significantly in the past few years. Finally, there is also a
difference between the NICs, with Singapore and Korea being far ahead
of the other countries.

A general implication of the large discrepancies between the densities of the
OECD countries and the NICs is that the former have clearly strengthened
their competitive position vis & vis the latter. The advantages that the NICs
have had in the form of cheaper semi-skilled labour are being eroded, in
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particular through the diffusion of robots and FMSs. Moreover, since these
countries have adopted flexible automation techniques to a lesser extent than
the OECD countries, they will benefit less from the productivity increases
that adopters are able to reap through the use of the new techniques.
However, the NICs can benefit and are benefiting from the skill-saving
character of NCMTs and CAD, and if they follow suit in the technological
transformation, they can combine their cheaper skilled workers and engineers
with the new techniques to find a new basis for competitive strength.

Apart from the OECD countries, there is another group of countries that
are benefiting from this technological transformation; namely those countries
that do not have an engineering sector. These countries presumably get
access to cheaper imported capital goods than would have been the case
if the transformation had not occurred. The prime losers are probably those
developing countries that have made a recent entry into the capital goods
sector and have not yet adopted the new techniques. For these countries,
the competitive environment in those products affected by flexible auto-
mation techniques has become tougher. Furthermore, the advantages that
these countries may have in terms of cheaper labour are partly eroded.

As far as the more specific implications are concerned, it was mentioned
above that the impact of flexible automation varies between different product
groups. A number of products judged to be most affected by the new
techniques were listed. The product groups were: automobiles, heavy
electrical machinery, aircraft, cutting tools, pumps, valves, compressors,
construction machinery, tractors, machine tools, special industrial
machinery and electronic components. The impact also varies depending
on how important relative factor prices/production costs are as determinants
of international competitiveness in relation to other determinants such as
firm-specific assets.

From an analysis of the structure of production and the trade in engineering
goods in the NICs, a number of more specific conclusions were drawn:

1 The product groups that show the greatest impact of flexible automation
techniques in the OECD countries constitute a large share of the value
of production in the engineering sectors of the NICs.

2 These product groups are predominantly produced under import sub-
stituting schemes in the NICs. The Korean case shows this in a very
clear way. The export performance of the NICs in these product groups
is relatively poor and this is probably due to the fact that these products
are technically complex and thus the determinants of international
competitiveness go far beyond production costs. It cannot, however,
be excluded that flexible automation techniques have already had an
impact on the international competitiveness of the OECD countries at
the expense of the developing countries.
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3 Given the slow diffusion of flexible automation techniques in the NICs,
their ambitions to become internationally competitive in those product
groups which are presently produced under import substituting schemes
has come up against a new obstacle, this being the improved competitive-
ness of the OECD countries on account of their rapid adoption of flexible
automation technique.

4 For those product groups where the developing countries have shown
a good export performance, predominantly technically simple product
groups, the impact of flexible automation is relatively minor. The uneven
global diffusion of flexible automation techniques therefore does not
constitute a significant threat to the present export performance of the
NICs in the engineering sector.

So what are the policy implications of all this for the developing countries?
We would argue that, on the whole, the present diffusion of flexible auto-
mation techniques is much below the potential in the NICs. Hence, if the
NICs could reduce the present obstacles to a faster diffusion of flexible
automation techniques, at least some of the negative effects of this techno-
logical transformation would be mitigated. This applies in particular to
NCMTs and CAD, which are of special interest to the developing countries
because of their skill-saving biases. For these techniques, it seems that the
main obstacles to a further diffusion do not lie in a lack of potential economic
benefits from introducing them; instead, the obstacles lie in a lack of
information about the techniques, restricted access to the techniques and
a lack of knowledge of how to use them. The policy implications would
then be that these obstacles to diffusion should be removed. More specific-
ally, this means government actions in a number of areas, for example:

o To ensure that information is disseminated about flexible automation
techniques.

¢+ To change the educational systems so as to supply the right skills to
use and maintain flexible automation techniques.

e To ensure that the would-be adopters have access to all the variants of
these techniques and to after-sales service.
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