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Preface

This document presents the conclusions and recommendations of a seminar
on the production and use of machine tools in developing countries organized
by UNIDO and UCIMU in Milan, Italy. The document also presents an overview on
the issues of developing countries with respect to industrial automation in
the capital goods industry which were discussed at the seminar.

The seminar was hosted by the Italian Machine Tools Manufacturers
Association (UCIMU) and took place during the 7th International Machine Tool
Exhibition (EMO) in Milan, Italy, 14-22 October 1987. I* was financed by a
special contribution by the Government of Italy. UNIDO expresses its
appreciaticn to the host organization and to the Italian Government for the
generous contributions that made this seminar possible.




ORGANIZATION OF THE SEMINAR 1
1.1 Introduction 1
1.2 Opening session 1
1.3 Election of officers 2
1.4 Agenda, programme and organization of work 3
1.5 Documents 3
1.6 Adoption of the report 3

INTRODUCTORY PRESENTATION:
The situation of the Italian machine tool industry
in view of new technological developments, by

Prof. G.M. Gros Pietro, University of Turin, Italy 4
OVERVIEW OF ISSUES FOR DEVELOPING COUNTRIES 6
3.1 The diffusion of flexible automarion technologies in

3.2

3.3

3.4

the capital goods industry in the OECD countries:
implications for developing countries and their

possible responses, by Prof. Charles Edquist,

University of Linkdping, Sweden 7

Possiblities for technological upgrading of the machine
tool industry in developing countries, by E.J. Wightman,

United Kingdom 13
3.2.1 Technology levels 15
3.2.2 Criteria for upgrading 15

CAD/CAM systems drawbacks and opportunities for
developing countries, by Erik Bohez, Asian Institute

of Technology, Thailand 16
3.3.1 Definitions 16
3.3.2 Early developments 16
3.3.3 Benefits 18
3.3.4 CAD/CAM justification 19
3.3.5 CAD/CAM in developing countries 21

State-of-the-art in robotics and FMS in the
industrialized countries, by A. Laffaille, Director,

AFRI, France 22
3.4.1 Introduction 22
3.4.2 Recent technological developments and trends 23
3.4.3 The industrial economy of industrial automation: 28

the case of robotics
3.4.4 Industrial automation: another way of working 31




- iii -

CONCLUSIONS AND RECOMMENDAT (1INS

4.1 Conclusions

CNC machine tools
CAD and CAM
Industrial robots
FMS

TS
“w o r—

& s
.
e

-~

4.2 Recommendations and continued work

ANNEX 1 List of participants

ANNEX

ra

Programme

ANNEX 3 List of documents

ANNEX & Project proposais for technical assistance to

developing countries emanating from the discussions
in the Seminar

ANNEX 5 Investment profiles

1.

1.

Figure

Broad categories of CAD/CAM activity

Chart

Progression from manual machine tools to flexible
machining systems - a seven point plan

35
36
36
36
39

4]

43

48

53

54

17




EXPLANATORY NOTES

References to dollars ($) are to United States dollars, unless otherwise
stated.

A comma (,)

is used to distinguish thousands and millions

A full stop (.) is used to indicate decimals.

A slash between dates (e.g., 1980/8l) indicates a crop year, financial
year or »cademic year.

Use of a hypher between dates (e.g., 1960-1965) indicates the full period
involved, including the beginning and end vears.

Metric tons

have been used throughout.

The following forms have been used in tables:

Three dots (...) indicate that data are not available or are not separately

reported.

A dash (-) indicates that the amount is nil or negligible.

A blank indicates that the item is not applicable.

Totals may not add up precisely because of roundi:

Besides the

common abbreviations, symbols and terms and those accepted by

the International System of Units (SI), the following abbreviations and
contractions have been used ir this report:

AGV

AMH
CAD
CAM

CIM
CNC

Economic and technical abbreviations

Automatic guided vehicles
Artificial inteliigence

Auiomated manufacturing equipment
Automated materials handiing

Computer-

aided design

Computer-aided manufacturing
CECIMO FEuropean

Computer
Computer

CNCMTs Computer

FMC
FMM
FMS
GT
IA
IRs
[SO
AN
MnP
MIR
NC
NICs
TNCs

Flexible
Flexitle
Flexible

Committee for Co-operation of the Machire Tools Industries
integrated marnufacturing

numericai control

numerically controlled machine tools

manufacturing cell

manufacturing module

manufacturing systems

Group Technology

Industrial automation

ndustrial robots

International Staadards Organization
Local area networks

Manufacturing avtomation protocol
Manipulating industrial robot
Numerical control

Newly industrializing countries
Transnatioral corporations




1. ORGANIZATION OF THE SEMINAR
1.1 Introduction

The UNIDO/UCIMU Seminar on Production and Use of Machine Toels in
Selected Developing Countries, was convened at Milan, Italy, during the 7th
EMO (International Machine Tool Exhibition), from 14 to 22 October 1987. It
was attended by national experts from Argentina, Co'ombia, Venezuela, Trinidad
and Tobago, Turkey, People’'s Republic of China, Peru, India, Malaysia,
Philippines, Sri Lanka, Nepal, Turrisia and Tanzania; international experts ot
UNIDO from Sweden, France, United Kingdcm, Federal Republic of Germuny and
Belgium; and observers from different enterprises and universities in [taly.
The Italian Machine Tools Manufacturers Association, UCIMU, hosted the Seminar
and invited as main speaker to the opening session Prof. Gian Maria Gros
Pietro of the University of Turin. The list of participants is attached as
annex 1.

EMO is the largest and most comprehensive machine tool fair of its kind
in the worid. Every two years the fair presents the entire range of machine
tool technology, equipment, systems, materials, accessories and auxiliary
components. [t includes also flexible manufacturing systems (FMD); machine
division, the latest technological developments in robotics, CAD/CAM - CIM,
and all of the technology machine tool producers and users need to know.

Initial contacts between UNIDO and UCIMU for the organization ot this
Seminar were made in Singapore in November 1986 during the machine tool
exhibition METALASIA. At this time UNIDO/SEC had organized a Technical
Working Group on Production and Use of Machine Tools in the Engineering
Industry of ESCAP Dcveloping Countries (UC/RAS/86/020), jointly with the
UNIDO/ESCAP Division of Industry, Technology and Human Settlements, which was
also held in Singapore, from L7-21 November 1986.

1.2 OQpening session

Mr. Cesare Manfredi, Yice-President of UCIMU, welcomed th=2 participants
to the Seminar and wished them a fruitful and pleasant stay in Milan during
the 7th EMC. He pointed out the importance of the event in the context of the
high intensive technology involved in the machine tool industry. The FI0
comprises 1,650 exhibitors trom 37 countries representing 98 per cent of the
michine tools world production, with a value of around 750 billions [talian
Lira ($US 6.3 billions).

He indirated that the joint organization of the Seminar with UNIDO was a
matter of pride for UCIMU, and it rould open new possibilities for the role of
both organizations. In this context, Italian industry could be scen as
offering not only tailored technologies, but also instruments to better nanage
the acquired technologies.

These instruments have been developed by Ttalian M3, a society created
by UCIMU to meet the demand for vocational tratning through the supply of
teaching instruments, frowm machines to textbooks necessary to teach trainees
how te use correctly Italian machine tools. From the practical point of view,
ftalian M3T oftered a series of teaching modules, which couid be adapted to
the requirements of the various labour markets and to specific trainee
attitudes, so as to get all bodies and companies operating in diiferent
ecconomical and manufacturing situations iaterested in their own Lraining
projects, as well as people employed i the mechanical industry.
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The original [talian M3T formula has already found concrete application
in tke People's Republic of China, Brazil, Argentina, Peru, in Boiivia and in
other developing countries, and this is seen as a matching of the Italian
readiness to share its cwn technologies with the aspirations towards progress
of both peoples and governments in developing countries.

The Head of the Sectoral Studies Branch of UNIDO addressed the
participants on behaif of tbe Director-General of UNIDO. He expressed the
appreciation of UNIDO to the [talian Machine Tools Manufacturers As:zociation,
UCIMU, for hosting this meeting and particularly to the Italian Government for
having financed this Seminar through a special-purpose contribution %o the
Industrial Development Fund maint~ined by UNIDO. This is a tangible proof
that the Italian Covernment's commitment to industrial development has made it
possible tc ensure as broad a participation as possible from the developing
regions of the world.

As an organization committed to promoting and accelerating industrial
development in the developing countries, the Director General expressed that
UNIDO's keen interest in incGustrial automation and technological innovation in
the capital goods sector which are of strategic importance to the econonic
development of the developing countries. The Seminar had been accordingly
designed to familiarize participants from devzloping countries with the
struc’ural transformation of the capital goods industry in industrialized
countries that has come about primarily as a result of the new technological
developments and industrial automation in the machine tool industry. Mure
specitically, the Seminar offered an analysis of the impact of new
technological developments in the machine tool industry, on the basis of which
technical assistance programmes related to new technological developments in
the capital goods industry could be formulated.

The Director-General indicated that UNIDO was equally confident that this
Seminar has been able to establish the investment required for technology
cransfer in the field of industrial automation and for the establishment of
productive structures in dev:loping countries, on the basis of joint ventures
betweer industrialized and developing countries and among developing countries
themselves. He described the UNIDO network of I[nvestment Promotion Services,
which successfully promoted $US 265.3 million worth of projects in 1986, and
over $US 4 Hillion in the past seven years. UNIDU has investment promotion
offices in Cologne, Paris, Seoul, Tokyo, Vienna, Warsaw, Washington and Zurich
which provide developing countries with direct access to technological,
managerial and financial resources in industrialiced countries. Together,
these offices allow companies to channel technology packages and technical
expertise and a forum in which they can work out licensing and joint venture
Aarrangements. A new office was opened in Milan on Monday, 19 October 1987.

1.3 Election of officers

The Seminar unanimously elected Dr. Jorge Mendez Munevar (Colombia),
President of the Colombian Metal Working Manufacturing Association, FEDEMETAL,
as Chairman; Mr. C.R. Nagendran (India), Director of HMT International, as
Vice-Chairman and Mr. Damodaran (Tanzania), Technical Manager of Cotex Metals
and Machinery, as Rapporteur.
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1.4 Agenda, programme and organization of work

The Seminar adopted the following agenda:

(a) Opening of the Seminar;

(b) Flection of Chairman, Vice-Chairman and Rapporteur;

(c) Adoption of the agenda and organization of the work;

(d) Presentation of the issues;

(e) Discussions of the issues;

(f) Conclusions and recommendations for further action;

(g) Adoption of the report.

The programme adopted in the Seminar is attached as annex 2.
1.5 Documents

The list of documents distributed in the Seminar is attached as anncx 2.

1.6 Adoption of the report

The report was adopted by the Seminar on Thursday, 22 October 1988.




2. ITNTRODUCTORY PRESENTATION:

The situation of the Italian_machine tool industry in view of new
technological developments, by Prof. Gian Maria Gros Pietro, University
of Turin, Italy

The situation ot the Italian machine tool industry can be considered as
quite favourahle. It is characterized by a normalized surplus of foreign
trade which has been steadily growing in the loug term, while [taly appears as
on=2 of the tew manufacturiang countries able to defend its share of world
exports against the rapid growth of Asian countries. This positive assessment
o the present situation is strengthened by the cousideration that during the
last years exports have been concentrating on countries at higher levels of
technology.

Indeed, the present state of the Italian industry is the result of the
changes made in its product composition. Such changes have lead to a
reorganization of industrial facilities, too.

The dominant factor in the technological transformation was the growth of
NC techniques and of flexible automation. The introduction of these
technologies in the various products has implied ai increase of them as a
whole, an extension of machining cycles and a rise in the unit cost of
machines. For companies, this has resulted in heavier investments and in more
problems in finding or training skilled employees.

The new conditions were therefore less favourable for small-sized firms.
Some indicators, such as “urnover per employee, seem to be better for larger
firms, even within the typical limits of a sector which is not intended for
mass production.

The <hoice of new manufacturing solutions has encouraged a change in the
demand composition for the different kinds of machines, which was combined
with new product policies adopted by manufacturers. The result was an
increase of the productive lots of some machines as compared to others. For
example, in the field of NC units, the lots of milling machines increased
considerably, whilst they decreased for lathes.

For the [talian machire too! Industry, 1986 was the third consecutive
year of sales growth (6.7 per cent over 1985). However, this positive result
is to be ascribed to different patterns of demand components:

- Exports remained practically at the same level as in 1985 in real
terms;

-~ Domestic demand recorded a 20.4 per cent growth at constant prices and
16.5 per cent sales growth at constant prices;

- A brisk domestic market led to an upsurge of imports (28.2 per cent at
coustant prices).

In 1986 the share of [talian exports in the world market increased from
3.3 per cent in 1985 to 3.5 per cent. Consequently, as a whole, the share of
production in the world total increased from 5.0 per cent in 1985 to
5.6 per cent in 1986.




In 1986, Italian machine tools consumption was extremely high (a growth
of 20.4 per cent at constant prices over 1983). Orders acguired by ltalian
machine tools manufacturers on the domestic market increased especially in the
first halt ot the year (growth of 28.5 per cent at corstant prices over the
same period of 19853, On average, in 1986 domestic orders recorded a
13.9 per cent growth dt constant prices over 1935,

The Italian machine tool exports increased at an avarage annual rate of
12.2 per cent in the period 1980-1986. In the ~ame period, ‘mports recorded
an average annual growth rate of 9.2 per cent. This situation is bdased on the
world specialization process within which the Italian industry is quite active.

This is indicated by the analvsis of the composition of [talian oxports
and imports in terms cof about 90 types of machines. In the same peried
198(3-1286 over.li export and import indexes increased by 45.Y per cent and
i4 per cent respectively. This meaus that exports and, to a lower extent,
imports are progressively focusing uin particular types of machines. Analysis
of 1986 by main families of machines indicates a despecialization only for
non-traditionally operated machines uud for gear-making machines. These
featured index values below zero becu.se of a deficit of the export-import
balance. For all other groups ot machines specialization indicator values
were positive. More specifically, as regards broaching, boring and forging
machines, high specialization was combined with extremely favourable terms of
trade. This means that [talian industry holds top segments as tar as these
products are concerned.

Future prospects are of a further raise in the technological level, above
all as far as integrated units, cells and fiexible systems are concerned. The
present rate of growth of su~h aequipment is inde=d very high as compared to a
slow increase in the demand for "stand alone” units.

Preseant trends favour the development of some specific production lines,
such as for example robotics. This emerging industry is still dominated by
small-sized firms due to the limited trading opportunities. However, some
larger businesses are now consolidating in this field. This yields some
advantages related to the firm size, but this in any case remains, on the
average, smaller than that of manufacturers of machine tools.

As far as the future trends for international trade are concerned,
forecasts seem to confirm those of recent years., From the point of view of
exports, the main destination will be highly developed countries, whilst
imports couid mostly involve developing countries, even through the formula of
co-operation initiatives with [talian firms.




3. OVERVIEW OF ISSUES FOR DEVELOPING COLNTRIES

Several sectoral studies have pointed out the criticzl importance ot the
machine tool industry in capital goods technolcgy. It covers a wide r
equipment for metal cutting and metal forming and varies in technical
complexity. In developing countries with no capital goods industryv and also
in countries with only an embryonic base, products and technolagy have to be
very carefully selected in order to avoid an initial dependence on highly
complex technologies which cannot be readily absorbed. Experience in machine
tool manufacture shows that in countries where there is an adequate growth of
technological infrastructures, technology acquisition through licensing trom
industrialized countries may he desirable for entry into further stages ot
technological complexity.

ange ot

The introduction of flexible automation devices in the engineering
industry of the industrialized countries constitutes a revoiutionary
technological breakthrough. It is the most important technological
transformation in the capital goods sector since the introduction of
electricity and the steam engine. This technological breakthrough occurred
after a long period of relative stability with regard to production technology
in the cap:tal goods sector. In the next few decades, the counsequences of
flexible automation for the productive organization of production,
competitiveness and employment will be considerable.

The most impo-tant microe 2ctronics based technolougies in the capital
goods sector are:

- Computer numerically controlled machine toois (CNCMTs);
-~ Computer-aided design (CAD) systems;

- Industrial robuts (IRs);

- Flexibie manufacturing systems (FMS).

The technological transformation is taking place mainly in industrialized
countries. However, the four technologies listed above are also spreading to
the more advanced developing countries, aithough at a slower rate.

This transformation certainly has important impl.ications ftor the majority
of the developing countries since they are part of the same international
techno-economic system as the industrialized countries. Those developing
countries to which the flexible automation techneologies have not been diffused
at all are also affected. This technological transformation certainly affects
the gap between developed and developing ~ountries, as well as the magnitude
and srtructure of production costs in various types of countries. Therefore,
it also has consequences for the relative competitiveness of firms in various
countries, for the international division of labour, subcontreacting and other
aspects of the international location of production. [t is within this
context that the developing countries have to formulate their industrial and
technclogy policies. These developments will affect all countries,
irrespective of whether tliey introduce the advanced technologies in their own
economy or not.

The electionics-based automation technologies have not been widely spread
among developing countries, being mainly limited to the most advaaced
developing countries. There are, however, certain diffe:cnces between the
four technologies from the point of view of their diffusinn. CNCMTs is the
technnlogy which has been diftfused to the largest extent in the most uadvanced
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developing countries. In spite of this, the growth in investments in CNCMTs
in these countries is not l'arge enough for them tou catch up with the
industrialized countries. The use of industrial! robots has been very limited
ir developing countries partlyv because robots mainly save on unskilled labour
aund at the same time require new engineering skills. MMS is largely
nonexisteut in developing countries, mainly because it is an immature and very
complex process technology. CAS svstems have been ditfused in the most
advancad developing countries, e.g. the Republic of Korea and Brazil.

However, CAD could spread quite rapidly in developing countries thanks to the
very recent and very substantial decrease in cost, related to the emergence of
personal computer-based CAD systems. Developing countries may be able to use
CAD for catching-up in the field of design, since the CAD software embodies
accumulated design and drafting experience. Such experience is at preseut a
scarce resource in most developing couiitries.

The discussions in the Seminar addressed issues in the use and producticn
of machine tools and CNC machine tools, CAD/CAM systems, industrial rcbots and
FMS in the engineering industries of developing countries and especially:

(a) The need for machine tools and CNC machine tools by the engineering
industries of the developing countries concerned, as well as technical
assistance needs.

(b) The technical requirements for introducing the most recent
technology in machine tools, and in particular the CNC ones in relation to the
level ot technology in selected developing countries.

(c) Possible investment requirements to transfer technology and initiate
prcduction in selected developing countries, through co-operation agreements
between industrialized and developing countries and among developing countries
themselves.

3.1 The diffusion of flexible automation technologies in the capital gocds
industry in the QECD countries: implications for developing countries
and their possible responses, by Prof. Charles Edquist, University of
Linkoping, Sweden

Tte ongoirng introduction of flexible automation devices in the
engineering industry of the industrialized countries constitutes a
revolutionary technological breakthrough. It is the most Important
technological transformation in the capital goods sector since the
introduction of electricity and the steam engine. This technological
breakthrough occurred after a long period of relative stability with regard to
production technology in the czpital goods sector. In the next few decades,
the consequences of flexible automation for productivity, organization of
production, competitiveness and employment will be comprehensive.

The most important microelectronics based technologies in the capital
goods sector are:

~ Computer numerically controlled machine tools (CNCMTs);
- Computer aided design (CAD) systems;

- Industrial robots (IRs); and

~ Flexible manufacturing systems (FMS),
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These four technologies are together often called fiexible automation
technologies. They are the main elements of the "factory of the future” in
the engineering industry. The first three of them are well known and need not
be described here. FMS, however, can take many forms. A {lexible
manufacturing module (FMM) consists of a stand-alone CNCMT, material handling
equipment (e.g. a robot or a pallet changer) and some kind of munitoring
system. A flexible manufacturing cell (¥MC) usually consists of a number of
machine tools and material handling devices. A flexible manufacturing system
(FMS) proper, often contains several automated machine tools, FMMS and FMCs.
These are interlinked by an automatic workpiece flow system which enables “he
simultaneous machining of different workpieces which pass through the system
along different routes.t’

The technclougical transformation mentioned is mainly taling place in the
OECD countries. However, the four technologies listed above are also
spreading to the mor2 advanced developing ~ountries - although at a slower
speed.

The process of automation in the industrialized countries has reduced the
input of labour per unit of output - and thereby often the total cost of
production. The factor saving bias differs between the four technologies. In
some cases, the automation technologies may even be capital saving. CNCMTs
ard CAD may also be skill saving. CNCMTs save on skilled labour in the form
of operators of conventional machine tools. However, at the same time, other
skills are needed, e.g. those for prcgramming, setting, maintaining and
repairing the CNCMTs. (The repair and maintenance task has become more
complex. However, the amount of repair and maintenance work per unit of
output may have decreased at the same time, since one CNCMT replaces several
conventional machine tools.) CAD software contains accumulated knowledge. At
the same time, new skills are needed to operate, maintain anrd repair the CAD
units. Hence, these technologies save on some skills, but others are needed
instead. On the whole, however, both CNCMTs and CAD are skill saving in the
sense that the mass of skills neaded per unit of output is reduced.

The technological transformation in question has important implications
for the majority of the developing countries, since they are a part of the
same international techno-economic systems as the OECD countries. (This
includes, of course, also those developing countries to which the tlexible
automation technologies have not been diffused at all. They will be also
atfected.) The transformation affect: the technological gap between deveioped
and developing countries, as well as the magnitude and strurture of production
costs in various types of countries. Therefore, it also has consequences for
the relative competitiveness of firms in various countries, for the
international division of labour, subcontracting and other aspects of the
international location of production. It is also within the international
techno-economic context mentioned which the developing rountries have to
formulate their industrial and technological policies.

L/ What tollows is partly based on a forthroming book by Charles
Fdquist and Statfan Jacobson entitled "Flexible Automation - The Diffusion ot ‘
New Engineering Technology', to be published by Basil Blackwell, Gxtord, in
January 1988. A large number of tables on the diffusion ot flexible
autemation techniques emanating tfrom this bhook were included in the
presentation, but they are not veproduced in this summary.




The electronics-based automation technologies have not been diffused to
the same extent in developing countries as in the QECD ones. This diftusion
has largely been limited to the most advanced developing countries. There
are, however, certain differences in this respect between the tour
technologies, and CNCMTs is the technology which has been diffused to the
largest extent. In spite of this, the growth in the investment in CNCMTs in
the NICs is not large enough for them to catch up with the OECD countries.

The diffusion of industrial robots has been very limited in deveioping
countries, partly due to the fact thac. robots mainly save on unskilled labour
and require new engineering skills at the same time. FMS is largely
nonexistent in developing countries, mainly because it is an immature and very
complex process technology. On the other hand, CAD systems have recently been
diffused very rapidly ir many developing countries. CAD has a large potential
for being diffused ;uite rapidly in developing countries thanks to the very
recent and very substantial decrease in their cost, which is related to the
emergence of personal computer based CAD systems. (In some developing
countries pirate copies of PC-based CAD software con be tought tor a few
dollars.) Developing countries may be able to use CAD for leap-frogging in
the tield of design, since CAD software embodies accumulated design and
draughting experience. Such experience is currently a scarce resource in most
developing countr.es, which is indicated by their heavy reliance on foreign
technical licenses.

However, our knowledge is inadequate and, tor example, the actaal or
potential consequence of flexible autemation for the international division of
labcur and location of production are not known. Still, there ars reasens to
believe that automation, in many cases, is a threat to ftuarther
industrialization ot developing countries and even sometimes to their present
production of capital goods, because ol the rost reduction of the uew
technologies. In other cases, however, these technologies probably provide
new opportunities tor developing countriss, which they should try to expioit.
{The use of PC-based CAD - menticned above - is an example ot such an
opportunity. Another one is CNCMTs to increase the quality and precision of
the parts produc=2d. A third possible ane tor some developing countries is the
use of flexible manufacturing ceils (FMCs) as an alternative to trausfer
lines, i.e. fixed automation.)

On the whole, it is not known in which specific respects the new
technologies provide threats and cpportunities for developing countries. For
this reason, resear:h is needed. Since the impact of the four techniques
ditter between themselves as well as between products tor the production of
which they are ased, the research should he product spec:tin. The studies
should focus upon the economic impact of flexible automation on the produaction
ot specific engineering products in varions kinds of developing countries as

well as in industrialized ones - i.e¢. an analysis of the global
techno-economic coatext must he incladed. (A stady programme along these
lines was presented by the Sectoral Studies Bran o of UNIDO in March 1936:

"The Impact on beveloping Countries ¢t Flexible sA.tomation in the Capital
Goods Industry”, Vienna, 25 March 1986.) Snach prodict specitic studies would
tlluminate the issues raised above (threats, opportunities, production rosts.
relative competitivensss, subcontracting, etel).  They would thus provide a
hasis for decisions about which products and produrt groups developing
countries could and should avoid producing and, henece, rontinue to import.
The studies could also identify the needs of the firms for assistance from
governments and international organizations.
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About 40-60 per cent of all investments in machine tools is now in CNC
machine tools in the leading OECD countries. I[n many firms conventional
machine :tools are no longer even considered as an alternative. CNC machine
tools have several advantages over conventicnal machine tools (productivity,
flexibi! "ty, accuracy, lead time etc.). Another advantage is the fact -
meutioned above - that less skills per unit of output are needed when CNC
machine tools are used than when conventional machine tools are uwsed. This
makes the arguments for using CNC machine tools in developing countiies even
stronger, since there is a shortage of skills in most developing countries.
For these reasons many firms in developing countries have a strong interest in
using CNCMTs.

For most developing countries there are no reasons at present to begin
the prodution of flexible automation technologies. On the other hand, tVF:
arguments presented above mean that governments in these countries should
support and facilitate the use and diffusion of CNC machine tools and CAD in
their countries. (The aiternative is to s)ecialize in producing items which
are not affected by flexible automation.) However, there are also important
obstacles to the diffusion of flexible automation technologies in developing
countries.=’

A social rarrier of a technique is a social entity which chouses 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 must exist that has a subjective interest in
choosing and implementing the technique;

(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) 1t must have the necessary social, economic and political power to
materialize its interest, i.e. to be able to implemen!’ the technique
chosen;

) The social entity must have information about the existence of the
technique and functionally similar ones;

(5) Tt must have access to the technique in question;

(b) Finally, it must have, or be able to acquire, the necessary
knowledge about how to handle, i.e. to operate, maintain and repair
the technique.

If all the six conditions listed above are fulfilled, the social entity
is a social carrier of a technique. The carrier may be, for example, a
private company, an agricultural co-operative or a government agency. Every

2/ The following discussion of obstacles is based upon the concept of
"Social carriers of techniques”™ which has previously been used in Charles
£dquist: "Capitalism, Socialism and Technology - A Comparative Study of Cuba
and Jamaica', Zed Books, lLondon, 1985.
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technique must have a social carrier in order to be chosen and implemented.
[t 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.

The relevant actors may have no interest in flexible automation. In a
market economy, this normally means that they do not see any possibilities of
increasing profits through automation, which often has to do with relative
factor prices. For example, since unskilled labour is cheap in developing
countries, firms may have no profit interest in introduciug robots. If the
interest condition is unfulfilled there wiil be, of course, no automation.

The introdaction of flexible automation may require considerable changes
in the organization of produc~ion. This is particularly true for flexible
manufacturing systems. Organ_zational or managerial rigidity may therefore be
ait important obstacle vu difcusion.

Lack of power of actors to intrcduce flexible automation devices may be a
result of government restrictions or of union resistance. Therefore,
government attitudes to new technologies and the involvement of unions and
workers in the process of technical change are very important in this
context. The most efficient means to overcome union resistance is to try to
keep the general rate of unemployment low and to create mechanisms for
transferring workers displaced into new jobs, perhaps after relevant
retraining.

Lack of information is a2 substantial obstacle to diffusion of flexible
automation in deveioping countries. Often the users do not have enough
information about the new technologies and about the advantages attached to
using them. This is particularly so for small- and medium-sized companies.
Governments and international organizations can intervene in various ways to
facilitate the diffusion of information about CNC machine tools and their
advantages. For example, information systems can be established and
demonstration facilities ran be provided. This is particularly important in
relation to small- and medium-sized tirms.

Lack of access to flexible automation technologies may be caused by
financial constraints, import restrictions and political ~mbargoes. One
special case of access problems is when domestic production of flexible
automation technologies are fostered in small teveloping countries by the use
of import restrictions and other policy instruments. [f minimum efficient
scale of production cannot be attained, this often 1eads to a very high cost
of the machines which retards diffusion considerably. On the other hand,
governments may be helpful in facilitating access, e.g. by providing credits
or arranging for leasing of machinery.

Lack of knowledge is probably the most important obstacle to diffusion of
flexible automation technologies in developing ccuntries. [t is a question of
knowledge about how to:

- implement,

- maintain, and

- repair
the technologies. Consultants are most useful in the implementation phase.
Training is needed for the other stages. The fact that training is needed in
spite of the skill saving nature of the use of CNC machine tools is a result
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of the need for certain new kinds of skills for the use of CNC machine tools -
in particular skills to set and proczramme the machines. This need is eten
more proncunced for robots and flex ble manufacturing systems.

However, obstacles to diffusion of flexible automstion technologies may
also be a result of the non-existence of strong encuzh domestic productive
actors. Such actors may be national private firms, public firms or
co-operatives - the form does not matter. However, the suhsidiaries of
transnational corporations cannot be primarily relied vpon. The reason is
simply that they do not have any interest in building up a technological
capability as such in developing countries. I[f they contribute to the
generation of some technological capability, it is only a spin-off of their
interest to use the market, labour or raw material in th= deve=loping courtry
in their process of profit generation for the transnational corporation as a
whole.

Theretore, domestic actors which are strong enough must be created and
built up if they do not already exist. Government intervention policies to
achieve this have been successfully pursued in countries as different as Cuba
and the Republic of Korea. The mode of intervention may be different: from
creating public firms, over inducing land owners and trade capitalistes to
diversify into industrial prcduction, to supporting the growth of small
private firms within this sector.

Whether the domestic actors are ''strong enough’ cannot be judged in
absolute terms. It must be seen in relation to toreign productive actors,
e.g. subsidiaries of TNCs. The latter are always "strong" in a developing
country’s context. Hence, if all foreign investors interested are accepted -
and even given subsidies and other incentives - there will be no profitable
investment opportunities left for domestic actors, and no strong group of
national actors can thereby emerge. Therefore, foreign direct investors must
not be allowed to capture all or most investment opportunities and dominate
the industry in developing countries. Historically, Japan and the Republic of
¥orea have been restrictive in accepting direct foreign investments. Brazil
is following a similar policy with regard to the informatics industry in the
mid-1980s.

However, a restrictive policy with regard to direct foreign investmeats
does not exclude technology imports to developing countries. On the contrary,
the domestic productive actors must be, more or less, dependent upon foreign
technology, at least in the technologically advanced sectors of industry.
Restrictions with regard to direct foreign investments in developing countries
does not imply that they should try to reinvent the chip. Keeping
decision-making power at home can be combined with technology imports through
licenses, joint ventures, migrations, etc. In addition, the domestic actors
fostered must reach international competitiveness in forms of quality and
production cost in the long run. The infant industry argument does not imply
the acceptance of permanent infants. It implies that domestic firms shall -
e.g. through government policies - be protected against competition from the
global market, but only for some limited period of time. Hence, when domestic
actors which are strong enough have been created, the state must force them to
become efficient. One way to achieve this i< to open up the country to
foreign competition in a gradual and planned manner.

In order to avoid the creation of costly permanent infants, the
protection against global competition must not mean an excessively large or
extended deviation from the rules prevailing on the international market.




3.2 Possibilities for technological upgrading of the machine tool industry
in developing countries, by E.J. Wightman, United Kingdoml"

The lecture was centered on three main topics:

- The use of computers in the manufacturing process to improve accuracy,
quality, cost and response to market ueeds;

- The criteria necessary to progress from the manufacture and use of
manual machine tools to computer controlled machines, includirg
flexible manufacturing systems;

- The requirements for implementation of a modernization programme for
the machine tool industry in developing countries.

On the last point, classical argumenrts for the increased cost of a CNC
machine have tended to be based on a comparison of the cycle times for
machining a component on a CNC .achine and on a traditional machine. Such
arguments have tended to overi.ok several important factors:

(a) For small-batch production, the setting time of the machine tends to
predominate; a CNC turning lathe, for example, with versatile standard
tooling, can be set up in a matter of minutes, whereas setting up a
traditional turning lathe takes much longer;

(b) A CNC machine caun run for 24 hours a day and it can machine
components repeatedly within tolerances of a few 100ths of a millimeter, thus
eliminating the need for subsequent inspection;

(c) The actual productive time may be two or three times greater than
that of a conventional machine of similar capacity, and when this kind of
comparison is made, the new generation of CNC machines on offer today are
competitively priced.

One of the most useful concepts in manufacturing technology in recent
years is that of group technology and attendant cell manufacturing. In
traditional machining processes based on conventional machines, turning
operations are confined to rows of turning lathes, drilling operations to rows
of drilling machines, and so on, with the result that substantial batches have
to be manufactured at any one time to justify the costs of scheduling and
tooling. Stocks of material and work in progress therefore tended to be
high. The adoption of group technology and cell manufacturing, where
components are classified into types, and where machines are permanently
allocated to the exclusive manufacture of these types of component, has
enabled work in progress to be kept to a minimum.

An important point of difference between a conventional NC machine and a
CNC machine is that, with the latter, the part programme may be modified on
the machine to optimize cutting conditions. The operator, therefore, returns
to the scene as a key figure and may exercise judgement and discretion as
required.

3/ For further details on this lecture see UNIDO, Technological
requirements for the machine tools industry in developing countries, Sectoral
Working Paper Series No. 51, UNIDO/I1S.642, 1986.
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One may conclude that CNC machines and group technology cemplement cue
another to such a degree that they become mutually dependent, because CNC
machires solve the prove-out problems associated with conventionai NC machines
and thus enable quicker change-over from one component type to another to be
made and even smaller batches to be manufactured economically, leading to the
introduction of flexible machining systems (FMS).

The question is now tn identify the difference in constructing manually
and numerically controlled mechines. In the case of the manually operated
mackines, they are characterized by their inherent simplicity, e.g. rigid
structure, usually cast iron, incorporating a constant speed main-drive motor
with gearbox for speed selection and manually operated lead screw for
actuating the tool slides.

The modern INC machine tool, on the other hand, while appearing to be
superficially similar in configuration and physically using a similar rigid
structure, is radically different in the drives and rontrol area because of
the complete dependence on electric actuation. The main-drive motor is a
sophisticated D.C. or A.C. variable speed drive, the multi-range gearbox is
reduced to two speed or eliminated entirely and the axes are powered by
variabie speed D.C. or A.C. drive motors driving precision ball screws to
eliminate backlash. As one machine tool builder remarked cynically, machine
tool builders are little more than assemblers of bought out specialized
equipment nowadays, in contrast to the labour intensive and skill dependent
manufacturer of twentv years ago.

The basic configuration of machine tools has remained unchanged whercas
control system technclogy has developed very rapidly, particularly in the last
ten years. This prompts two questions:

(a) How many of the existing conventional machines can be updated for
this new role?

(b) What constraints need to be overcome in technical terms?

The short answer to these questions is regrettably that very few of the
traditional manually operated machines of today may be converted: little more
than semi-automated systems can be achieved for relieving the operator of the
physical effort required to operate them.

Confronted with these trends, what can developing countries do? In
principle, they have several choices, each demanding progresssively more

effort. The choices include the following:

(a) Employ such advanced machines in CNC machining centres to set new
standards for quality and productivity in existing production;

(b) Progressively update existing machine tools to utilize the latest
technology;

(c) Plan to manufacture machines embodying CNC systems.




3.2.1 Technology levels

There is a number of specialist skills comprising in advanced
manufacturing svstem capability, trom mechanical design, elecirical design,
instrumentation, computer interfacing, computer software, systems analysis and
co—ordination. In the case of a machinz tool design incorporating any form of
control system it is not only necessary to know hcw a machine may be
automated. but why the automation should be applied in a particular wayv. Thus
management skills for melti-disciplined technclogical projects are the first
acquisition essential to the success of the proposed venture into moving up
market in the machine tool industry.

3.2.2 Criteria for upgrading

The need to upgrade is motivated by fundamental survival issues:

- Productivity;
- Quality;
- Competition.

It could be said that it is more important to begin using advanced CNC
machine tools than to begin making them. This is because

(a) The necessary infrastructure for using CNC machine tools has to be
developed before they can in turn be manufactured;

(b) Production methods have to be chaged to those based on new CNC
technology;

(c) Computer tools have to be introduced in production;

(d) Training at all levels is a major and demanding requirement.

It is recommended that, because of the complexity of modern machine tools
and their dependence on compnter technology both for control and production
management, a formal project management structure be set up to implement the
planned improvements. This project management team should report to a
government working party comprising representatives from finance, industry and
education.

The project brief should include:

(a) Feasibility studies for the use of CNC machine tocls and/or
justification for local manufacturers;

(b) Project proposals for demonstration and/or training ~entres to
develop the infrastructure;

(c) Structured training programmes for all leveis of personnel from
managing director, accountants, managers to operators;

(d) cCapiial assistance for pilot schemes.
p P
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3.3 CAD/CAM systems drawhacks arnd opporiunities for developing countries,®’

-2
by Ecik Bohez, Asian Institute of Tecanology, Thailand

3.3.1 Definitions

CAD/CAM is an acronym for :omputer-aided design/computer-aiied
manufacturing. The term CAD/CAM refers to the integration of computers into
the manufacturing processes to improve productivity. Business computers
crunch numbers and data, CAD/CAM systems store, retrieve, manipulate and
display graphical information.

Traditionally, a design is created bty rubbing graphite on paper and
refined by the use of an eraser. In a CAD/CAM system, an engineer interacts
with the system to develop product design in detail, monitoring his work
constantly on a TV-like graphics display. By issuing ~ommands to the system,
and responding to the system prompts, the engineer creates his design -
maninylating, modifying, refining - all without ever having to draw a line on
paper or recreate an existing design element. Once he is satisfied with the
design, he can command the system to make a "hard copy”, or generate a
computer tape to guide CNC machine tools in manufacturing and testing the
part. Figure | shows the broad categories of CAD/CAM activity which can be
applied for the manufacturing industries.

3.3.2 Eariy developments

CAD/CAM began with the development of interactive graphics in the early
1960s. One of the earliest developments in interactive graphics was the
Sketchpad Project at the Massachusetts Institute of Technology. Data was
entered via a hand-held lightpen, and as the computer seased the position of
the lightpen on a CRT display scope, the co-ordirate data were stored in its
memory. By specifying points on the scope and executing simpie computer
commands, the user could quirkly generate straight lines, circies, arcs and
other geometries. With this technique, the user could easily produce an
entire diagram on the display screen. And the data base of co-ordinates
stored in the computer could subsequently be used to manipulate the display
image, produce hard-copy drawing, or be entered as an input to some form of
geometric analysis. A feature that made interactive graphics so appealing was
that the communication with the computer was carried on in real time.
Feedback from the computer was almost instantaneous, permitting the
interaction to take place almost in a conversational mode.

Several interactive graphics systems were developed in the 1960s. Their
use, however, was restricted mostly to very large companies such as Ceneral
Motors and Boeing that developed their own in-house systems using expensive
mainframe computers. By the early 19705, interactive graphics could be
performed on less-expensive minicomputers. [ritially, these interactive
graphics systems performed little more than sinple automated drafting. But as
computer hardware became meore powerful ani sof:ware was retined, the
capabitities of graphics systems expanded dramatically. These systems ncw
permit the user perform a wuch wider -ange oi geometric manipulations and
sophisticated analysis.

4/ In addition to the lecture by Erik Bohez this section is based on a
forthcoming UNIDO reference guide on CAD/CAM systems in developing countries
prepared by TECHNONFET--Asia.
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For the more sophisticated dratting packages, a user can temporarily
"erase" portions of a complex model from the screva to see the area under
construction more clearly, then the deleted area can be recalled later to
complete the model. Likewise, purtions ot the model may be enlarged to view
and add minute details accurately. And the model may be moved and rotated on
the screen for the user to view at any angle. When the design is complete,
the system may automatically add dimensions and labels. After the part
geometry is defined with a complete model, the user can have the computer
calculate preoperties such as weight, voiume, surface area, moment of intertia,
or centre of gravity. A finite element package may be used to determine the
stress, deflections a:d other structural characteristics. After the analysis,
the display screen may show colour-coded stress plots, the deflected shape cf
a part subjected to a given load, or even an animated mode shape showing how
the structure might vibrate and deform during operation.

As a result, with a CAD/CAM system, designers can view complex forms fiom
various angles at the push ot a button instead of having to construct costly,
time~consuming physical models and mockups. Changes can be made quickly and
inexpensively at the keyboard or data tablet without requiring alteration of
drawing or physical models. In addition, computer displays can produce
realistic simulations of product operations before any hardware is produced.

After the design is completed, the resulting geometric data stored in
computer memory may be used to produce numerical control instructions of
making the part on automated machine tools. Formerly, the preparation ot NC
instructions was pertormed manually by experi2nced programmers. The
programme was then tested on the machine and refined several times before the
part was machiued properly. Many of these tedious and costly operations are
now reduced with CAD/CAM systems. NC instructions can now be produced
automatically for a range of part types, and tool paths simulated on the
display screen to verify and refine the programme more quickly.

3.3.3 Benefits

The most obvious benefit of CAD/CAM is increased engineering
productivity. This is probably the single consideration that influences most
potential users to invest the high capital outlay for implementing 1 CAD/CAM
system, Initially, productivity may decline somewhat due to learning and
familiarization with the system. The overall productivity increase during the
tirst vear operation is typically 2 to |l. Succeeding years may show further
productivity increases as high as 20 to | depending on thre application. A 3}
to 1 or 4 to | increase is a common norm for most well-established CAD/CAM
systems. In a typical mechanical design application, a 2 to | productivity
increase is usually sufficient to justify the installation of a CAD/CAM system.

Another benefit of CAD/CAM is the inrreased analytical capability placed
at the fingertips of a user. This allows rigorous product analysis that would
othecwise be quite impossible to perform manually. Reduced product and
development cost is a direct result of increzsed engineering productivity. In
many applications, romputer simulation of an entire mechanical system or
product is possible. In this way, functional cbaracteristics such as
vibration, noise, stress distribution, etc., can be analyzed with the system
instead of having to build costly prototypes.

Perhaps, the greatest and the most subtle benefit of using CAD/CAM is
enhanced creativity of the user. [t is a direct result of a compatability
between the human mind and interactive graphics. This i: attributed to the
ability of the brain to grasp graphiral data quickly - a jicture is worth a
thousand words.




3.3.4 CAD/CAM justification

The introduction of CAD/CAM into a company very often entails
reorganization of its structure and may initially iavoive huge capital outlays
not only for the system hardware and software but also for staff additions,
special training required, etc. This section looks into some of the divect
and indirect monetary savings or cost benefits while indirect benefits could
mean improved product quality, enhanced product safety and a number of other
implicit and intangible benefits.

(a) Improved product quality

The quality of a product is verv often judged by its performance or
function, its reliabiiity, maintainability and safety. With powertul CAD/CAM
packages, a problem can often be analyzed more thorcughly and accurately. Any
possible fault or potential dangers can be identified at a much earlier
stage. For example, the vibration, deflection and motiun of a structure under
stress can be simulated with a CAD/CAM system. Individual modes can be
created and weakness identified. Previously, this could not have been
possible as a large number of prototypes has to be made, which is both
time-consuming and expensive. McDermott, a leading offshore engineering
company, simulates the launching of a large offshore platform on a CAD/CAM
system before the actual installation as any mistake at the site will cost
millions of dollars as well as numerous human lives.

(b) Shorter project span times

Today, prcject lead-time can have considerable impact on a product's
competitiveness and marketability. Current CAD/CAM techniques can have a
significant impact on reducing project span time. Reduced project span time
can mean considerable monetary savings through a number of ways such as lower
interest payments on borrowed funds for a project, more efficient use of
manpower through better scheduling, reduction of unnecessary data and lower
computer run costs. Shorter span time for a project may very well be the
basis for winning a contract which, in turn, could represent millions of
dollars of business.

In test or research and development environments, CAD/CAM systems permit
tuning of trial parameters in real time. Inout trials of parameters at a
graphic console can be processed in seconds and the oiutput viewed on the
display. The quick assessment potential for each set of parameters, and the
immediate visualization of the effects of changes, would eliminate tedious
manual data reduction, compietion time on calibration trom one day to several
months, eliminate many supertluous computer runs and lessen the need for much
expensive test data.

(¢) Reduced labour hours

A significant amount of paper work can be reduced through the use of a
CAD/CAM system. In a manufacturing environment, documents surh as roucing
sheets, tool lists, bills of material list, machine loading capacity charts,
production scheduling, etc., can now all te handled by a system. Tedious
calculations on areas, volumes, moments ot inertia, mass centre, etc., can be
achieved in seconds without having to spend hours of labour. Reduced labour
hours would mean a shorter project time as described previously., The
productivity is increased and more contracts can be signed witho:* additional
manpower .




(d) Power of a CAD/CAM system

It may be an overstatement to say that man,/ problems can be solved only
through CAL/CAM technology. However, the statemeut is essentially true and
CAD/CAM readily lends itself to improved techniques. For example, in
applications involving the layout of piping, duc.ing and wirings, it is
previously almost impossible te check for zll possible interferences. This is
generally the case since objects which are three-dimensional in nature cannot
be studied efficiently from conventional two-dimensional drawings. There is
no easy way to visualize clearances and interferences in a 2 D mode. Present
day 2 D/3 D systems provide the needed flexibility of analysis and
presentation.

Tn NC machining, 2 cutter path czn be simulated to check for
interferences, and optimized cutting parameters such as feed speed can be
generated automatically.

One of the important features of CAD CAM is geometric modelling, the
representation of part size and shape in computer memory. The modelling
irechnique is extremely useful as many design and manufacturing functions use
it as a starting point.

The most powerful method for analyzing a structure on a computer is
reckoned to be the finite element technique. This method determines
characteristics such as deflections and stresses in a structure otherwise tao
complex for rigorous mathematical treatise. A CAD/CAM system is virtually
indispensible for such applications and with the graphics post-processing
power, the data generated can be converted into visual form tor quick
interpretation.

(e) Reduced data handling ana better management information

Interfacing of various programmes on a CAD/CAM system greatly reduces the
repeated manual hand!ing of Loth input and output data. Centralized control
of planning data further ceduces the dependency on the planner’'s skills in a
manufacturing environment. It is now possible to capture years of experience
un 4 computer memory.

(t) Enhance user’'s knowledge

Users of C£D/CAM systems not only perform their jobs more etficiently but
they also derive greater job knowiedge in the process. This expended purview,
in turn, has many benefits to the user. Improved knowledge and awareness of
applications and of the interaction of applications offer some hope for coming
to grips with today's expanding technical complexity.

The freedom of the human mind to concentrate on the rore essential
parameters of a project, made possible by CAD/CAM, offers a major potential
for increased productivity and better solutions to complex problems. This
value is, however, too abstract and difficult to quantify.

{g) Cost effectiveness
Jirect cost effectiveness may be easier to qualify in terms of dollars

and cents. If a case can be made clearly that a CAD/CAM system produces cost
reduction, then all the other areas mentioned earlier on are like frostings n
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the cake. Cost reduction in this sense is the most counservative approach but
it is certainly a benetit that the ncn-technical maragement and financial
people can readily understand. For a more conservative organization, it may
be justifiable enough for a CAD/CAM acquisition.

The initial design phase is very important. The designer has a very high
cost responsibility which is difficult to quantify, but it can easily be shown
qualitatively: a design that is not cost-effective will have a very important
impact on the cost of tooling, material and production. A designer can select
between a mass—-production technique and a small batch prnduction technique.
His decision has to be based on as much information as possible at the moment
of desigu. This information may cover marketing study results, new
techniques, new materials etc. It is clear that the designer should have good
design tools to reduce the risk of a non cost effective design, and a CAD
system here offers a large advantage over manual design methods. A good
CAD/CAM system reduces the non creative design task by automating routine
work, such as calculations of strength, weights, volumes and generation of
parts list.

3.3.5 CAD/CAM in developing countries

There are thus a number of -considerations with respect to the link
between design and production, as far as developing countries are concerned.
In general, industrialized nations do not transfer their design know-how to
developing countries, they mostly transfer the proauction alone, because of
cost of labour considerations. Another important reason can be to have access
to the local market under "locally assembled” rules. Design know-how itself
used to be something accumulated over a very long period mostly by a process
of trial and error rather than by a formal scientific effort. The term
appropriate technology was used often in the context of design know-how
transtfer to developing countries. This was because labour intensive
production in the traditional sense could easily be transferred to low labour
cost countries. Design is also a labour intensive process but is not so
easily transferred, because it needs highly skilled and specialized staff and
there are strategic considerations attached to it.

In countries with high design capacity the tendency was obviously to make
the design process more efficient, which led to the development of CAD
systems. Separately, production was optimized by the use of NC, which could
cope with increasing complexity and rising labour costs. Once the concepts
were demonstrated, the advantages were obvious.

The somewhat paradoxical result of the present situation is that there
are definite advantages for developing countries who are at only an initial
stage in desigu. They can immediately adopt and integrate the new design
tools without having to go through all the stages which were gone through by
countries more advanced in this field.

In general, CAD and CAM systems are profoundly chenging the design and
manufacturing process. Computer-aided design (CAD) is essentially the
application of computer technology to assist in coaceptualizing, designing,
drafting, analyzing and documenting designs, whilc computer-aided
manufacturing (CAM) is the application of computers in converting design
information intn the actual products. A link between CAD and CAM can
significantly improve productivity. This link is realized by using the same
geometrical data base for the design and for the manufacturing data. This
integration of CAD and CAM is a very complex task, and it is only recently
that CAD software vendors offer this kind of integration, with a missing link
to be implemented by the customer or by the NC hardware vendor.
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Initially numerically controlled (NC) machine tools were programmed by
coding instructions on a paper tape. Ncw they are programmed on the terminal
screen of the machine controuller. The code itself is little changed but it is
different for each type of NC or CNC (computer numerically contrzlled)
machine, the latter being a machine tool with a micro programmel
microprocessor controller.

The basic need for a mature CAD/CAM system is a common data base and a
means of communicating with all its current and future users. This makes the
use of a process standard a virtual necessity. One concept or philosophy that
is coming back into use is group technology (GT). Group Technology can be
defined as the tringing together and organizing of common parts, principles,
problems and tasks to improve productivity.

The first step for establishing a GT programme is to develop a
classification system for determining families of parts. It includes the
coding of parts based on the similarities of the parts, grouping the narte
into production families based on similarities in their production so that the
parts in a particular "family” can then be processed together; and finally the
grouping of various machines together to produce a particular family of parts.

The ultimate coavergence of new prodiuction technologies takes piace in
computer integrated manufacturing (CIM). Material requirements planning,
pattern recognition system, use of artificial intelligence, robotics, can all
find their place here. Most CIM technology is currently being developed ic
the United States, yet its most innovative implementation has thus tar been in
Japan and Western Europe. For example, .Japan Fujitsu Fanuc operates a factory
for producing robotic parts; it is almost entirely unmanned during night
shifts.

The objective of CIM is to develop a cohesive digital data base that
integrates manufacturing design and business functions. Information is sent
on demand and as needed to the largest number as possible of intra- and
inter—-disciplinary groups within the production system.

A. laffaille, Director, AFRI, France

3.4.1 [Introductior

The evolution of manufacturing technology from the mid-19th century until
the end of the 1960s can be broadly characterized as exploiting economies of
mechanization, specialization, standardization and scale. On an agg:.gate
level, the productivity of workers was enormously increased by mechanization,
subdividing and rationalizing complex, non repetitive tasks into a sequence of
simpler repetitive ones, higher precision, and higher operating rates of
machine tools, mass production of truly interchangeable standard parts, use of
dedicated automatic machines to maximize parts output rates and mechanical
assistance for handling and assembly. Labour productivity improvements from
the 19th century to the 1950s vary from one product to another, but in many
cases the overall improvement was several orders of magnitude. Metal cutting
rates, for example, increased by over 100 times between 1890 and 1970.
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In the last decade, the manufacturing industries of almost every councry
are being affected through increasing cost pressures, low productivity growth
and stagnant demand. Several large industrial sectors are facing severe
ad justment pressures as a result of this weak demand and of international
competition. Nevertheless, while faced with low profit levels and cash flow
problems, many manufacturing industries are increasingly investing in new
automated manufacturing equipment, in order to increase their productivity and
thus their international competitiveness.

Based on developments in semiconductor technology and also in new
machining technology and concepts, the increasing automation of capital
equipment is leading to signifi-ant changes in concepts of manufacturing. he
rapid development of techniques of automatic control in manutacturing
processes, the integration of computers in real time directly with machines
and the integration of machines through industrial robots, has led to the
application of these new manufacturing concepts to a wide range of industries,
and it will continue to do so.

Three main cuestions arise from developments in industrial autcmation:

(a) The first question is a commercial one: given the range of
automation choices for manufacturing, the problem is to determine what
approach is best suited to market conditions for the industry in question.

(b) The second question is in the realm of political and industrial
ecoromy: 1if, from a national strategy point of view governments are
encouraging in various degrees, the domestic production of industrial robots
and other automated manufacturing equipment (AME), the decision-maker has to
be amare of the fundamental characteristics of these industries.

(¢) Thirdly, there are socio-organizational issues: indeed, the
patterns of industrial automation diffusion in the industrialized countries
reveals that the factors inhibiting the spread of automation are more
organizational chan technological. So any policy to strengthen capital goods
industries through industrial automation has to take account of its impact on
work structure.

3.4.2 Recent technological developments and trends

As remarked above, up to the end of the 1960s, productivity improvements
were mainly based on economies of scale. However, by 1970, the potential for
such increases was far more modest in most cases. Today, consumer markets are
characterized by shorter product lite cycles, segmentation and img.ooved
quality, further reducing the scope for economies of scale. The new automated
manufacturing equipment and methods are designed to satisfy these market
constraints. FEconomies of scale will have decreasing influence in coming
decades, whereas economies of scope (i.e. capital sharing facilities by
increased flexibility) will have an increasing influence. What follows is a
brief survey of their present and expected future features.

(a) Automated manufacturing equipment: present situation

Here we consider two important subject areas: industrial robots and
flexible manufacturing systems (FMS).




Industrial robots

According to the IS0 definition a "manipulating industrial robot (MIR)"
commonly called "industrial robot (IR)” is an 'automatically controlled,
reprogrammable, multi-purpose manipulative machine with several degrees of
freedom, which may be either fixed in place or mobile, for use in industrial
automation application".

Thus an IR is a CNC manipulator whose main features are:

- Its ability to move its end effector .long 6 degrees of freedom;

- Its working volume;

— 1Its ability, if equipped with a tool changer, to execute sequentially
at the same working station several nperations during the same work
cycle;

- Its possible use of external sensors - often opticai - the outputs of
which give its control unit a knowledge of its environment and changes
in or evolutions of this environment.

One of the characteristics of an IR is that according to the
sophistication of its control system, it can operate:

- Either in a blind, purely repetitive, but always accurate way;

- Or in a repetitive way, but according to real time information on its
end effector. The motions of the end effector and/or the forces
exerted by the end effector can be adapted to the current state of the
environment

- Or in a more autonomous way with on'y one goal.

The flexibility of use of an industrial robot can be considered at two
levels:

- The control level;
~ The end effector level.

Industrial robots can be thought of as mechanisms that duplicate human
ability in movement and adaptability, especially in a well defined limited
space such as a shop floor.

The main fields of application of IR may be divided into four, depending
on its mechanical structure, its size, and the type of its end effector:

- Manipulation;

- Machining;

- Assembly;

- Test and inspection.

Flexible manufacturing systems (FMS)

"A flexible manufacturing system (FMS) is an integrated computer
controlled complex of numerically controlled machine tools, automated material
and tooi handling devices and automated measuring and testing equipment that,
with a minimum of manua! intervention and short change over time, can process
any product belonging to a certain specified family of products within its

2

stated capability and to a predetermined schedule”.®” So, in short,

5/ Detinition established by the CECIMO working party on standardization.
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an FMS is a production unit capable of producing a cange of discrete products
with a minimum of manual intervention. FMS is mainly used for drilling,
milling, testing, storage and retrieval. An essential feature is an automated
materials handling (AMH) system. This stores and moves products and materials
under computer control. The first application for AMH is to shuttle
workpieces between the stations of an FMS. The second major one is automated
storage and ratrieval systems. Such systems allow more accurate inventory
records.

FMS works according to the following scheme: wusing NC programmes and
often also, using computer-aided process planning, workers develop the
sequence of production steps for each part that FMS produces. Then, based on
inventory orders and computer simulations of how the FMS could run most
effectively, the FMS managers establish a schedule for the parts that the FMS
will produce on a given day. Next, operators feed the materials for each part
into the system, typically by ciamping a block of metal into a special carrier
that serves both as a fixture to hold the part in place while it is being
machined, and as pallet for transporting the workpiece. Once lozded, the FMS
essentially takes over: IRs, conveyors, AGVs or other automated materials
handling devices transport the workpiece from workstatien to workstation,
according to the process plan. I[f a tool is not working, the FMS can reroute
the part to other tools that can substitute.

Machine tools are not the only workstations in an FMS; other possible
stations include washing or heat-treatment machines, automatic inspection
devices, and machines tor grinding, sheet metal working, plastic handling and
assembly.

The amount of flexibility necessary to deserve the label "flexible" is
arguable. However, in the current state of the technology, a system that
cannot produce at least 20 different parts is not flexible.

The essential features that constitute a workable "part family" for FMS
are:

- A common shape;
- Size;

~ Material;

- Tolerance.

For a manutacturer with an appropriate part family and volume to use an
FMS, the technology offers substantial advantages over stand-alone machine
tools. In an ideal FMS arrangement, the company's expensive machine tools are
working at near full capacity. Turn around time for manufacture of a part is
reduced dramatically and computer simulations of the FMS helps determine
optimal routing paths.

Most systems have some redundancy in proces:iing capabilities and thus can
automatically reroute parts around a machine too: that is down. Because of
these time savings, work-in-process inventory can be drastically reduced. The
company can also decrease its inventory of finished parts, since it can rely
on FMS to produce needed parts on demand.

Finally, FMS can reduce the "economic order quantity'” for a given part,
the batch size necessary to justify set up costs. When a part has been
produced once on a FMS, the set up rosts for later batches are minimal because
the procress plans are already established and stored in memory, and the
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materials handling is automatic. Theoretically, a FMS could produce a batch
of one part almost as cheaply as it could produce one of 1,000, in terms of
unit cost. However, in practice there are unavoidable set up costs for a
part, and a one-part batch is uneconomical. Nevertneless, the FMS's
capability to lower the economic size of order is particularly useful in an
economy in which manufacturers encounter increased demand for product
customization and for smaller batch sizes.

The chief problems related to FMS arise from its complexity and cost.
Several months and even years of planning are needed for such a system, and
installing and maintaining an FMS is likely to require a higher degree of
technical expertise than manufacturers may have available. Finally, because
FMS is a system of interdependent tools, reliability problems tend to be
magnified.

(b) AME: technological issues and forecasts

The possibilities for application of existing programmable automation
tools are already extensive. But the technologies continue to develop
rapidly, with emphasis in five areas:

- Increasing the power of the technologies, i.e. their speed, accuracy,
reliability and efficiency;

- Increasing their versatility, the range of problems to which the
techno'ogies can be applied;

- Increasing the ease of use, so that they require less operator time
and training, can perform more complex operations, and can be adapted
to new applications more quickly;

- Increasing what is commonly called the intelligence of the system, so
that they can cffer advice to the operator and respond to complex
situations in the manufacturing environment; and

- Increasing the ease of integration of programmable automation devices
so that they can be comprehensively co-ordinated and their data bases
intimately linked.

Industrial robots

In part because robotics is a compiex and interdisciplinary technology,
there are many discrete areas of research and possible directions for
extension of capabilities:

- Improved positioning accuracy for the robot's wrist;

- Increased ''grace, dexterity and speed'”. Work on lighter structures is
likely to lead to the use of composite fibre materials;

- Software methods for programming robots are becoming easier and more
efficient; the trend is towards more "user-friendly’” and interactive
high level languages which could suit every brand of robot.

Flexible manufacturing systems

FMS for the machining of prismatic parts are becoming more prevalent ana
are a relatively established technology. FMS for rotational parts are now
available, while the range of other possible applications for FMS - grinding,
sheet metal working, or assembly - are at early stages of development.

Many of the chief R&D problems for FMS involve logistics: the design and
layout for the FMS and computer strategies that can handle sophisticated
combinations of powerful machine tonls. In addition, there is a need for more
sophistication in simulation systems for the FMS, so that their efficiency can
be optimized.
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There is a variety of enhancements to FMS hardware; these include
automatic delivery and changing of cutting tools and systems for automatic
fixturing and detixturing of material to be processed. There is a trend
towards the increased use of automatic guided vehicles (AGVs) in FMS.

Besides perfecting AGVs with respect to control system, speed, mobility
and sensor interactions, it is likely that they will be used for carrying
robots between workstations, or that, while transporting workpieces and tools,
they will perform certain operations such as quality control, cleaning, etc.

Improving the reliability and versatility of material handling systems is
also an important need for FMS. However, the level of scphistication of
material handling technology often does not match that of other programmable
automation technologies and the automatic material handling system may be the
"weak link" of FMS.

Sensors

Many programmable automation devices are limited in their capabilities
because they are "unaware" of their environment; they do not "know" what they
are doing exactly where the parts are, or whether something is wrong in the
manufacturing system. A minor adjustment or observation which would be easy
and obvious for a human is nearly impossible with most current manipulators.

Many machines have internal sensors - e.g. IR and machine tools have
sensors which provide feedback on the positions and speeds of their joints -
but here we are concerned with those sensing devices that can acquire
information about the environment and can be used in conjunction with robot
systems or other CAM equipment, such as CNC machine tools, or AMH handling
systems, of which such sensors are an integral part.

There are roughly three wavs to use sensors:

- Inspection, in which parts or products are examined and evaluated
according to pre-established criteria;

- Identification or pattern recognition, in which part, products or
other objects are recognized and then classified for further
processings;

- Guidance and control, in which sensors provide feedback to IRs or
other CAM machines on their tool environment, or on the state of the
part under process.

The simplest sensors provide binary information. At a moderate level of
complexity, the information sensed is analogue.

At the most sophisticated end of the sensing techniques, visual and touch
sensors deal with information that is not only analogue but also needs

substantial processing to be useful.

Artificial intelligence

It would not be right to close a subchapter on current technological
issues without mentioning, at least bricfly, the subjest of artificial
intelligence and one of its most powerful tools, the expert system.

The purpose of Al is to design machines which can perform tasks generally
regarded as requiring intelligence. [t may be a key to automate parts of the
manufacturing process previously thought to be too complex for automation.
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So far, Al techniques have successfully been used for image processing
mainly in robotics applications, where a simplified aspect of Al techniques is

an important factor of the adaptive control of the IRs.

Standards, interfaces and communication networks

The need for standards in both languages and intertaces is strong and
consistent throughout programmable automation technologies.

Without standards it is very difficult to combine equipment from
different vendors, and it is still more difficult to proceed incrementally
towards a more integrated system.

The demand for standardization in languages is particularly strong from
users of automation devices, because ¢f the increased confusion and need for
additional training that result from the profileration of different
programming languages.

Furthermore, standards for interfaces between computerized devices wili
greatly facilitate integrated AME systems. The recent development of
standards for "local area networks' (LAN) helps define the hardware
connections for linking devices togetheir, as well as the "protocols™ that
ensure that different systems can interpret each others messages conveyed by
this data exrhange system. Such a '"'nerve system” must take into consideration
the differeut levels of control and the kind of information it is necessary to
communicate, and must also be open to turther deveiopments of the
manufacturing system.

The most efficient way to overcome this problem of data exchange is
probably to follow a strict policy of implementing a well! known communication
system such as MAP (manufacturing automation protocol).

From this rapid technclogical survey regarding AME, integration and
flexibility appear as being the key features of the emerging manufacturing
standard. Flexibility refers to reprogrammability of AME and FMS, and
integration to accurate and reliable mean:- and methods of co-ordinating the
complex process required in present manufacturing. These two features
reinforce each other to improve manufacturing systems efficiency.

3.4.3 The industrial economy of industrial automation: the case of
robotics

It is not intended here to write the history of industrial! automation
since the beginning of the 1960s, nor to analyze for its own sake the
development of industrial automation in the industria'ized countries. But,
since industrial automation markets are strongly international, any
decision-maker must be aware of the emerging trends.

CAD, IR, NC machine tools, flexible manufacturing systems and other
industrial automation equipment and systems are supplied by industries that
are currently more or less separate. Of the principal industrial automation
industries, the N(C industry is the oldest and largest, dating from the 1950s.

Only the robotics industry is under considerationhere, since it is
assumed that information and reports on the machine tool industry are casily
available to illustrate the present levels of international competition.
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At the end of 1984, four main trends could be discerned:
- Accelerating technological improvement;

- Opening of United States and European markets;

- Beginning of IR mass production;

- Launch of price competition.

In 1987, the following are the main trends:

. (a) Prices competition: a static warfare

IR average prices are presentiy deceleratinrg. Three facts explain this
- first trend:
- Increase of low cost light robotics share;
- Launch of new low-cost designed IR;
- Suppliers prices strategies oriented more to maintain prices in
nominal money than to drastically cut them.

Price competition did not take place because:

- Suppliers, after losing a gooc deal of money in 1981 and 1982, prefer
to strengthen their profits margins;

- Competition occurs more in the field of commercial networks and
post-salzs services than in that of prices;

- Yen revaluation prevents aggressive prices strategies from Japanese
suppliers.

Nevertheless, with the development of IR mass production, price cuts in
the near future are likely.

(b) IR manufacturing: from craft methods to automated production

If the 1986 low market profile postponed IR suppliers’ investments,
automated IR manufacturing remains an underlying trend: longer production
ranges, production equipment flexibility allowing manufacturing automation,
and the necessary lowering of production costs all point to the emergence of
this trend.

(c) World wide markets

Since 1982, new commercial and/or industrial agreements are announced
every month. Licensing, outsourcing, mergers and takeovers, limited equity
investments and joint ventures are common and usually occur between firms from
different countries.

(d) Technological evolution

More and more innovations, designed in research laboratories, are now
industrialized. Nevertheless, their diffusion remains very slow. Off-line
programming, high level languages, locai area networks amount to only
1 per cent of turnover. Also the technological competition remains sharp, and
relates to:

- The establishment of a high level language standard; for instance, [BM
promotes its standard, called AML2, while GMF promotes KAREL, another
high level language;
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- The design of new programmabie controllers;
- The compatibility with the communication interface network, called MAP

(manufacturing automation protocol) proposed by General Motors.

(e) Increasing role of "system houses”

With IR diffusion to smail- and medium-sized firms, system house
companies are playing an increasing role in robotics markets in meeting the
above needs.

This is partly because for both simple and complex applications, pre- and
post-sale support and service are increasingly consicered essential by both
vendors and users, and system houases, as intermediaries and integrators, can
contribute to meeting this demand. One indicator that service and support
have been inadequate is the fact that buyers occasionally abandoned robets, =z
situation whicih has not occured with CAD systems and other types of
programmable automation.

A good deal of pre-sale support-planning, training, facilities
preparation, etc. is often needed, for two reasons; (R has yet to be viewed
as the only alternative for certain tools; and there are no single, ~orrect
approzches to applying robots in given situations. Because IR technology is
still developing, and because users often adopt their first IR as a
prelirinary to broader process changes, post-sale support - software updates,
services contracts - is also important.

(f) Increase of minimum production capability size

At the beginning of the 1970s, a two hundred units annual production was
sufficient to be an IR supplier. Today, the required production level to te
profitable is much higher. Markets leaders manufacture about 1,500/2,000
units a year and have goals for the 1990s of a 5,000 units production levei .
The increasing gap between the leaders’ production volumes and those of other
firms ones is disturbing for the latter.

Finally, during recent years, the trends foreseen for the industry grew
stronger. And if technological diffusion and prices evolution proved less
than expected, this has not affected the underlying trend towards an
oligopolistic structure in the robotics industry.

(g) Patterns in supply strategies

In the United States market, where competition is keener than elsewhere,
a double trend can be discerned:

- A falling back of the traditional firms relative to others;
~ The rise of new firms, such as GMF, the market share of which has
increased very rapidly.

The Japanese market, with more than 200 vendors, is dominated by some
large firms: MATSUSHITA, FANUC, TOSHIBA, ctc.

On the European market, cae leader is the Swedish group ASEA, with
30 per cent of the market. The other firms are the German company KUKA
(15 per cent ), COMAU, a FIAT subsidiary (8 per cent) and RENAULT AUTOMATION
(6 per cent).




Four patterms can be seen:

- Specialized market niche strategies: some firms design and develop
specific automated devices, for markets which are today very narrow
onezs but are expected to become profitable (personal robots, service
robots for cleaning, agricuiture, mining, etr.);

- Functional package strategies: these consist of selling not only a
wide range of IR, hut also a range of robotic turnkey systems ftor
industrial applications;

- Standard IR mass production strategies;

— Industrial automation system strategies: the robot is here viewed as
a peripheral device of the control system. In this case, suppliers
aim at selling computer integrated manufacturing systems, including IR.

Even if a firm is in a position to tollow a mixed strategy, any
decision-maker will have to cheose from among those four patterns. The tinal
result will depend on {inarce rescurces, technclogical capabilities and market
access.

3.4.4 Industrial automation: another way of working

Industrial automation (IA) had tn help companies to produce better and
cheaper: IA can improve product quality by raising consistency and conttol in
production. It can be used to produce an increased range of products because
of its programmability. These features can make [A eronomi~al in production
aof much smaller quantities than hard automation, which is largely restricted
to iarge quantity or mass production.

In spite of these potential benefits, the way in which [A is applied is
often quite inappropriate. Indeed, [A is viewed as a panacea tor problems in
manuafacturing. In fact, [A is an important and powerful set of tools. And
this misunderstanding in the industrialized countries about what industrial
autcmation really means is one of the main reasons for the slow and uneven
growth seen in markets for automation. Another reason is the present
unfavourable economic conditions for investment.

Currently there is an under-assessment of the interconnections of
technological, social and economics concerns surrounding the spread of
industrial automation ir manufacturing. The key impacts of industrial
automation on work structure need to be better understood. The analysis of
the industrialized countries’ experience is very fruitful.

Among the broader work environment issues, one could mention organization
and nature of work, occupational safety and health, labour-management
relations, changing skill levels and training.

Only the first three issues will be discussed. Concerning changing skill
levels, one has to appreciate that the ways in which work is organized and
jobs are designed will determine both the skills needed to do a parti~ular job
and the overall level of skills required in a workplace using industrial
automation. In general, industrial automation gives rise to a greater need
for conceptual skills (e.g. programming) and a lesser need for motor skills
(e.g. machining) than are required for conventional equipment.

(a) Organization and nature of work
The ways in which work is organized together with the specific design

features of industrial automation technology, will together affect the work
environment. In the short term, the new and emerging technologies will
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be adapted to traditional structures ol work organization; over the long term,
the structures themselves will change 20 retlect the characteristics of the
new technolegies. While it is too ewarly to predict exactly how these changes
will develop, the experience to date may off :r some insights.

One of the most vivid examples of how organizaticen of work in
automated manutacturing can affect the Guality of the work environment comes
from the allocation of programming in a NC shcp. The introductioan of NC
machinery is usually accompanied by the development of a new programming
department and a new division of labour. The planning of work becomes more
centralized and is moved off the shop floor, so that planniug and execution
become increasingly separated. From the point of view ot management, this
results in increased efficiency and contrcl over the production process,
However, whether or not production workers are permitted to edit programmes on
the shop floor, or in general! engaged in planning, can determine whether their
jobs are routine and relatively boring or involve, instead, an element of
challenge and decision-making. The assignment of work is a function of
managerial choice.

Tt is generally agreed that there is nothing inherent in automated
technology that makes one particular form of work nrganization essential.
Industrial automation gives opportunities for enlarying the scope of jobs.
With appropriate training, workers could be involved in a greater variety of
tasks by rotating jobs; however, this would require co-operation between
labour and management in agreeing to increased flexibility in work rules.
Another opportunity for workers to perform a wide range of tasks rather than
narrow, fragmented ones, is the application of group technology, through the
use of manufacturing cells producing families of parts grouped on the basis of
similar shapes and/or processing requirements.

The flexibility of industrial automation provides the potential to
achieve a better balance between the economic considerations that determine
technological choices and the social consequences of those choices in the
workplace. There are cases where organizational and technological changes
have been combined successfully to yield dramatic improvements in productivity
and effectiveness. While these changes were generally motivated by factors
other than the improvement of the work eavironment, organizing work in ways
that improve the work environment should result in economic pay-offs as well
through better worker morale and productivity.

Many of the concerns about the introducticn of industrial automation
revclve around the changes it wili bring about in the organization and nature
" of work. The choices made by those who design and manage antomated systems
will have a profound effect on how these systems influence the work
environment.

(b) Occupatiunal safety and health

The various forms of industrial automation have both positive and
negative effects on the safety and health of workers. [In gencral, the
introduction of industrial automation tends to have o favourable impact on the
work environment, although some new physical hazards associated with the lack
of immediate worker control over system operations may emerge. However,
industrial automation will create new situations, or pergetuzte old ones, that
may have negative psychological etfects on the work force.




Overall, the potential phycical hazards appear to be more amercble to
solution than some of the psychological ones because they are more easily
recognized and are less subject to the subtleties of individual
personalities. The relief of such symptoms as boredom and stress is more
challenging because they are not as well measured or understood, they affect
different people in different ways, and they ar> often complicated by other
fo_tors not directly related to the workplace. In zddition, a commitment to
alleviating monotony and stress in the workplace usually involves maior
changes in the way work is structured, which can pose problems for both
managers and other workers.

A breakdown is a common event on the shop floor which illustrates the
difficulties in correctly assess these safety and ocunationai considerations.
While they are technological in nature, the pressure to meet quotas in spite
of equipment failure is organiiational. This situation is not unique to
industrial automation, but the problem is exacerbated by a system designed in
such a way that equipment cznnot be pulled to cnz sidl far repair and by :tlc
complexity and automatic nature of the equipment. In addition, the high
capital cost of the equipment increzses the desire to use it to the fullest
extent. This may entail operating the line faster to make up for time when
the machine is down, in order to meet production goals.

(c) Labour-management relations

The effects of industrial automation on the work environment will be
determined in part by management's motivations for automating and by the
nature of labour-management relations. Management might decide to introduce
industrial automation for a variety of reasons, such as:

- To improve productivity;

~ To reduce costs;

- To standardize producticn methods;

- To enable the use of workers with fewer skills;

- To encrease control over the pace and quality of production, and
- To get on the technological bandwagon.

Who makes the decision in the organization will also have an important
effect on the results. Research suggests that managers often lack the
bacrkground to assess the technological options, while staff familiar with the
new technologies are less able *ov appreciate associated strategic dimensions.

Once the decision is made, the strategies employed by management for
introducing industrial automation are crucial in determining its impacts.
Prior experience seems to be an important factor in how an organization copes
with additional automation. Also, the introduction of new technology may be
facilitated by good intra-company communications and a "participative”
management style. Where the knowledge and expertise of workers is included in
the decision-making surrounding new technology, and where information is
shared, the implementation problems may be reduced.

As was said above, the nature of lahour-management relations will affect
the implementation of new technology 4and its consequences for the work
environment., Co-operation between employers, workers and society in
determining the design, implementation and pace of change would tend to
minimize the potential negative effects of technological innovation. Such
co-operation, however, will require mutual trust among the parties involved.
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In response to changing worker expectations, management has increasingly
beenr forced to pay greater attention to the needs of its work force, beyond
the traditioral ones of fair wages and benefits. This trend has been growing
since the 1960s and 1970s, and is not limited either to new technology or
industrial automation. In addition to such provisions as profit-sharing and
job security, workers have been demanding a greater say in matters that
directly affect their workplace; where management has begun to tap into this
knowledge and experience they have often discovered a new source of support
and insights.

Any discussion of restructuring work in automated environments 1n ways
that would enhance the workplace needs to be framed in the context of how the
work rule issue evelves. Management's ability to take innovative approaches
to implementing industrial automation may be constrained by work rules that
are outmoded and difficult to change. In return for increased flexibility in
deploying workers, management may need to be more re-nonsive in such matters
as increased labour involvement in decisions concerning the implementa*ion of
new technology or job security.

To summacize, a number of factors determine the impacts of industrial
automation on the work environment, such as how the technologies are designed
and applied, the strategies employed to introduce them and management's goals
for automating. In general, the introduction of industriai automation tends
to improve the work environment. However, it has the potentizl to create new
situations that are stressful or monotonous, resulting in negative
psychological effects on the work force. Industrial automation offers a wide
range of choices concerning its use - choices that, if made well, will help to
ensure that industrial automation is applied in ways that will maximize its
potential for affecting the workplace positively. But the persistent mismatch
between comnercially available technologies and the willingness and ability of
users to implement them remains one of the major stakes for manufacturing
today.



L. CONCLUSIONS AND RECOMMENDATIONS
4.1 Conclusions

The diffusion of automation technologies will profoundly influence
industrial production in general and the capital goods industry in
particular. This impact is aiready significant and will gradually reach
further subsertors and industrial processes. Since all countries belong to
the same economic environment, this means that industrial automation
technologies will influence to an increasing extent the industry in developing
countries, including those that have no plans to automate industrial
production for the foreseeable future. In some ways, this process causes a
threat to the developing countries since the industrialized countries, through
their ability to develop and apply advanced technologies, will be able to
re-establish the competitive advantages in areas where developing countries
have been able to compete successfully so far and even become exporters, such
as textiles. Bu: the use of industrial automation technologies also offers
new opportunities to developing countries, since it is a substitute for
skilled labour and managerial capabilities which might be scarce in developing
countrie.. It will be possible through a well conceived industrial automation
policy to find adequate response to the international market development. The
opportunities for the use of CNC machine tools for small enterprises in
developing countries need to be considered for each part of the engineering
sector.

CNC machine tools are more productive than manual machines which will
lead to labour savings at the machine level. However, there would be an
increased need for support staff such as programmers and specialist service
engineers. Through its macro impact, e.g. the opening ot new markets for
industrial products, even more substantive benefits could be reaped which
would enhance the economy as a whole. This might be brought about by the
removal of present barriers to expansion such as poor quality, lack of
precision and long lead times. On the other hand, failure to introduce modern
technologies might endanger market gains already made by developing countries.

Consequently, developing countries must try to find adequate and feasible
responses in good time to the challenges of{fered by industrial automation.
They must make a profound assessment of their own capacities and
capabilities. They must define clearly their priorities and formulate dynamic
strategies in e light of future trends. Such strategies can also include a
review of product iines less likely to be influenced by further automation.

On the basis of the assessment, priorities and strategies that aie
defined, a technological policy related to an industrial automation strategy
must be eliaborated. It is essential that a clear-cut distinction be made
between the application of new technologies and the production of the
corresponding hardware and software. It should be recognized that widespread
diffusion might lead to indigenous production later.

A number of stages of industrial automation technologies have been
defined in eariier UNIDO work. In the following notes the main conclusions ot
the work of the Seminar are summarized:
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4.1.1 CNC machine tools

CNC is necessary to achieve the standards of accuracy now required
internationally by the engineering industries. Experience cf established
users has shown that the effective use of CNC requires an infrastructure in
terms of programming capibility, application of cutting technology, and
production control.

The manufaciure of CNC machine tools is more dependent on the assembly of
multidisciplirary ccmponents and systems, such as computer control and axis
drives, than traditional machine too: manufacture which was oriented around
mecharical manufacture. The manufacture of CNC machine tools should only be
contemplated following a successful introduction and use of CNC in engineering
or other industrial sectors. The examples of countries such as the People's
Republic of China, India and the Republic of Korea show successful experiences
in this direction. While the use of CNC represents an ideal objective, it is
recognized that financial and organizational constraints may preclude their
immediate introduction. When introducing CNC machine tools, care should also
be taken to make effective use also of the existing machines base.

Progression from manual machine tools to CMC is illustrated in chart 1.
A first possible step is the addition of a digital read-out system to a
machine. This alone might allow for substantial increases in accuracy and
productivity. Later enhancements would involve the retrofitting of CN
systems to earlier NC machine tools. It would be impractical to convert
existing manual machines to CNC without major re-engineering of the machine
tool structure.

4.1.2 CAD and CAM

A timely introduction of computer-aided design (CAD) and computer-aided
manufacturing (CAM) methods can play a crucial role for developing countries
by enabling them to cope with continually rising standards of quality,
diversity, flexibility and service.

CAD/CAM systems can reduce the overall time of the production cycle (from
design to manufacture) by 2/3. Manual programming of a CNC machine can be
very difficult and even impossible without computer tools, such as high-level
languages and CAD systems, and the advanced use of CNC machines and cells also
needs CAD/CAM.

A wide range of CAD and CAM systems is available, using mainframes,
minicomputers, and microcomputers. Developing countries need advice and
guidance to evaluate, select and install these CAD/CAM systems. Regional and
national centres could provide such guidance, and eventually play a more
advanced role which included software development and engineering.

4.1.3 Industrial robots

Several tasks have been identified in manufacturing processes which
require the use of robots irrespective of whether a country is developed or in
a transitinnal stage. These are:

- Hazardous operations such as paint spraying;

- Repetitive precision work such as welding assemblies, including spot
welding of fabrications;

~ Assembly of precision parts such as microchips.
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Chart 1. Progression from Manual Machine Tools to Flexible Machining Syst
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Within the family of machines comprising industrial robots twc major
categories have been identified:

— Programmable robots requiring computer ccontrol;
- Automated handling devices for repetitive mechanical functioux, e.g.
loading and unloading of heavy components into and out of machines.

Whereas the use of simple automated nhandling devices would be beneficial
for certain applications in developing countries, the most advanced computer
controlled robots should not be contemplated without first developing the
basic infrastructure of CNC machine tools.

4.1.4 FMS

The application of FMS for manufacture must be discussed in the context
of both flexible machining cells and machining systems. The former have stand
aloane general purpose machines which can make a variety of parts, while
flexible manufacturing systems tend to be developed for making families of
related parts and involve several machines linked together by robot loading,
automatic tool changing and computer control. So far, these systems have not
been widely diffused in industrialized countries, but they are recognized as a
trend to be noted for future educational programmes for the application of
computers in automated manufacturing systems.

The process of automation in the production of capital goods has reduced
the input of labour per unit and therefore the total cost of production. This
fact will have a substantial impact on the competitive advantages of
developing countries, since industrial output will be more knowledge-intensive
than labour-intensive. In the international context, this will lead to a new
international division of labour. Developing countries with no clear response
to the changes in the environment will be the losers in this radical
structural change which will be specially important in the production of
capital goods. This requires, on one hand, that information be readily
available for private entrepreneurs as weil as for government officials and,
on the other, that research on the future impact of new technologies in the
capital goods industries be undertaken.

The production of capital goods should therefore be undertaken in the
framework of a clear strategy for the production and diffusion of industrial
automation technologies. The strategy formulation should examine the impact
at specific branch levels and should include cost/benefit analysis. The
strategy shculd stimulate specialization in those sectors where developing
countries would have new opportunities, as for example software production for
the industrial automation sector of the country.

Against this background, it can be concluded that an awareness programme,
covering the different stages of industrial automation is a prerequisite
before developing countries adopt modern production automation techniques. An
important part of this awareness programme should be the development of human
resources, especialiy managerial and entrepreneurial capabilities. The
programme must address different levels:

- National policy makers and planners;

- Enterprise directors and entrepreneurs;

- Factory level management;

- Shop floor personnel at the op:rator level.
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One central part of the programme would include demonstration centres
comprising a cell with one or two CNC machines and an inspection station
linked by automatic handling equipment (such as a robot). The cell could be
surrounded by suitable offices containing office based computing systems for
functions such as:

- Production control;
- Process planning;

— CAD/CAM;

- Purchasing;

- Inspectiou;

- Accounts.

Discussions and later visits to the Fair confirm that suitable equipment
is now available to set up such facilities.

In some cases regional and subregional centres may be contemplated. They
should build on already existing facilities, and they could undertake training
of new managerial/shop floor personnel in operation, maintenance, programming
and application engineering.

4.2 Recommendaticns and continued work

Based on the presentation of issues, the discussions with the
international experts and the above conclusions, the participants at the
Seminar recommended to UNIDO:

(1) To continue the systematic analysis of the impact of the indust.ial
automation in the capital goods industry ir developing countries, in line with
the approazh emerging at the Seminar and as presented in different documents
elaborated by UNIDO on this topic.

(2) The systematic analysis should be reflected in the formulation of
the UNIDO programme on industrial automation in the capital goods industry of

developing countries. The programme should have the following elements:

(a) Development objectives

To foster development of the capital goods industry in developing
countries through an adequate and programmed introduction of industrial
automation technologies. This requires the formulation of a technology policy
to create the necessary domestic capacities in the form of human resources and
managerial capabilities through e.g. training and demonstration and other high
technology centres as vantage points for an industrial automation policy in
the capital goods industry.

(b) Immediate objectives

To guarantee the achievemen: of the development objectives the following
immediate objectives should be also reached:

(i) To set up a capacity in UNIDO to give direct technical
assistance and specialized professional services to enterprises
in developing coun:ries, which decide to introduce automation
technologies, particularly the CNC machine tools, CAD and CAM
systems.
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(ii) To provide decision-makers in enterprises at different levels
of the public and private sector with the necessary information
for a rational automation policy through:

- Knowledge of the technological requirements tor upgrading
the capital goods industry to improve the use of installed
capacity and increase productivity;

- Knowledge of the impact of industrial automation on specific
branches of the capital goods industries with particular
emphasis on the implications for training of human
resources, management skills and know-how requirements.

(c) Implementation of the programme

The programme should be implemented in the foullowing steps:

Step 1:

An immediate measure to be taken would be to select priority areas.
Tentatively, such priority areas could be:

(i) Market studies to define the sectors most likely to benefit
from automation programmes as well as studies of the impact of
such programmes on the national economy and on the traditional
financial, educational and social structure;

(ii) Explore the possibilities to set up and finance awareness
centres along the lines, described above, for training,
promotion and consulting;

(iii) Specific projects arising from the awareness programmes to
develop human resources, notably managerial capacities, but
also measures to sensitize policy-makers, users and service
industries;

(iv) Re-orient national capital goods projects to benefit fully from
industrial automation technologies.

Step 2:

The priority activities should be undertaken according to national
capacities and facilities that are already available in developing countries.
It is therefore necessary to identify those areas which can be extended and
expanded into fully fledged regional or subregional projects by means of
pooling of country resources as well as through outside technical assistance.

The participants undertook to bring the outcome of the present Seminar to
the attention of the competent authorities in their countries and to promote
as wide a dissemination of the results as possible. They also recommended a
determined implementation of the recommendations drawn up in the UNIDQ/ESCAP
Technical Working Group held in Singapore in 1986 and of the meeting in
Bogota, Colombia, in 1937 as well as of the present Seminar. For possible
further activities it was recommended to arrange workshops and seminars to
coincide with engineering/capital goods/machine tool exhibitions, when
possible.
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In the course of the Seminar a large number of contacts between various
participants and enterprises participating in the EMO were taken, some leading
to the initiation of negotiations for co-operation agreements. Technical
assistance requirements and investment possibilities in line with the main
results of the Seminar were elaborated in detail®  and submitted to the
UNIDO secretariat for appropriate action. In particular, the participants
expressed their interest in a possible joint UNIDO/UCIMU programme in the
machine tools area and asked the two organizations to explore the
possibilities to extend the Italian M3T programme of UCIMU to other developing
countries where UNIDO is providing technical assistance to the machine tools,
metal working or capital goods industry.

6/ Lists of project concepts and investments proliles are attached to
this report as annexes &4 and 5, respectively.
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ANNEX 1

List of participants

1. Participants

Roberto Almaraz

AAF MHA

Vice-Presidente

Alsina 1609, 6to piso, oficina 33

Buenos Aires Telex: 21658
Argentina Tel.: 46-9298

Omer Anlagan

EMEK Holding A.S.
Director R & D
Mesrutiyet cad n. 2 kat 9

Bakanliklar
Ankara Telex: 42897 EMHO TR
Turkey Tel.: (90)&1172142

D.M.J. Caldera
National Engineering Research and Development Centre
Mech. Engineer

Engineering
Industrial Estate Ekala Jaela Cable: Resden
Sri Lanka Tel.: 536434 536384

Venatan Damodaran

COTEX Metals and Machinery

Tech. Manager

Tool Room Engineer

Box 34F COTEX DSM Telex: 41209
Tanzania Tel.: 37283

Jose Geraldo De Lima

UNIDO

Chief Technical Adviser

Naval Architect

PNUD A.A. 091369

Bogota D.E.

Colombia Tel.: 2346272

Jaime Gianella
UNIDO
Project Director
UNDP
. Avenida Central 634
Lima 27
Per: Tel.: 419135

Cao Gui Bin

Sector expert

Department for International Relations

Ministry of Foreign Economic Relations and Trade
People’s Republic cf China
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Xu Jiaxiang

China's Mission to UNIDQ

First Secretary

Untere Donaustrasse 41

1020 Vienna

Austria Tel.: 269389

Abelardo Lago
Asociacion Argentina de Fabricantes de
Maquinas Herramienta
Alsina 1607, 6to piso, oficina 33
Buenos Aires Telex: 21658
Argentina Tel.: 46-9298

Stanley Lau

Integrated Corporate Services

Consultant

30 L:otaud lands

Arima

Trinidad and Tobago Tel.: 647-3939

Jorge Mendez

Federacion de Industrias Metalargicas de Colombia

Presidente

Calle 35 4-81

Bogota

Colombia Tel.: 2323600

C.R. Nagendran
HMT International

Director

17 Ali Asker Road Telex: 0845-663, C845-8074
Bangalore 560052 Cable: HMTINTEL

India Tel.: 27832

Chauch Noury

CETIME

President-General Manager

22 Av. d'Afrique

El Nenzah V Tunis Cimes 30949

Tunisia Tel.: 235312

Héctor E. Pasi

CIMHER INTI

Director Técnico

Casilla de Correo 157

1650 San Martin .
Argentina Tel.: 755-6161

See Siew Inn -
Malaysian Industrial Development Authority

Deputy Director Engineering

3-6 floor Wisma

Damansara Heights Telex: MA-30752

Kuala Lumpur 50720 Cable: MIDAMAL

Malaysia Tel.: 03-2543633
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Indu S. Thapa
Ministry of Industry
Project Director
HMG-NEPAL

Tripure Swar
Katmandu

Xepal Tel.: 2-15030

Getulio Tirado

ONUDI - CONDIBIECA

Project Manager

Edificio Torreoni, p. 5

Calle Veracruz

Las Mercedes

Caracas

Venezuela Tel.: 920033-9791551

Constante Ventura

Metals Industry Research and Development Center

Executive Director

P.0.BOX 1440 MCPO Telex: 45596 MIRDEC PM
Philippines Tel.: 822-0431

Liang Xunzuan
Machine Tool Bureau of China
State Commission of Machinery Industry

Director

Sanlihe road, Scomi Building

Bejing

People’'s Republic of China Telex: 22341 SCOMI CN

2. Consultants

Prof. Erik Bohez
Asian Institute of Technology

AIT GP? Box 2754 Telex: 84276 TH
Bangkok Cable: AIT-BANGKOK
Thailand Tel.: 529-0100-13

Prof . Charles Edquist

University of Linkdping

Researcher

Department of Technology and Social Change

$-58183 Linkdping Telex: 50122
Sweden Tel.: 46-13-282260

Gian Maria Gros Pietro

CERIS CNR

Director

University Professor

via Avogadro 8

Torino 10121

Italy Tel.: O011-515953
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A. Lafaille

AFRI

Director

4, place Jussien T66

75252 Paris Cedex 05 Telex: 200145
France Tel.: 1-43546939

E.J. Wightman

Wightman Associates

180 Myton road

Warwick CV34 6PS

United Kingdom Tel.: 0-926-492983

3. UNIDO

Bengt O. Karlsson

Head, Sectoral Studies Branch
UNIDO

P.0. Box 300

A-1400 Vienna

Austria

Swamy Rao

Senior Industrial Advisor
Engineering Branch

UNIDO

P.0. Box 300

A-1400 Vienna

Austria

Leonardo Pineda-Serna

Industrial Development Officer

Industrial Planning Branch/Sectoral Studies Branch
UNIDO

P.0. Box 300

A-1400 Vienna

Austria

Geofrey Mariki

Industrial Development Officer
System of Consultations Division
UNIDO

P.0. Box 300

A-1400 Vienna

Austria

4, Observers

G. Bosi

JOBS SPA

Via Marcolini 13

29100 Piacenza

Italy Telex: 531396 JOBS I
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Maria Teresa Carelli

Docente Universitaria

Corso Moncalieri 450

10133 Torino

Italy Tel.: O0l1/6611476

Antonio FARESE

BLM

President Ass.

Via Salveregina 30

22063 Cantu Como Telex: 380204
- Italy Tel.: 031/707911, 031/704555
Francesco Leone
CERIS/CNR
Assistente

Via Avogadro 8
0121 Torino
Italy Tel.: O011/515953

Leticia Lago
Asociacion Argentina de Fabricantes de
MAquinas Herramientas
Alsina 1607
Buenos Aires Telex: 21648
Argentina Tel.: 46-9298
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ANNEX 2

Programme

BLOCK A: Technological aspects

Thursday, 15 October 1987

8.30 - 10.00

10.00

10.30

10.45

11.00

12.30

14.00

15.00

15.45

16.00

16.45

17.30

Registration of participants

Opening ceremony

Coffee break

Election of Chairman, Vice-Chairman and Rapporteur
Present situation of the machine tools industry in Italy

from the perspective of new technological develapments.
- Prof. G.M. Gros Pietro, University c¢f Turin, Italy

Lunch

Technological developments in the machine tools industry
in OECD countries

- Prof. C. Edquist, Universiiy of Linkoping, Sweden
Discussions

Coffee break

Present situation of the machine tools industry in
developing countries. Results of UNIDO studies

~ Mr. L. Pineda-Serna UNIDO, Industrial Planning Branch

Discussions

Closing of session

Friday, 16 October 1987

9.00

10.00

10.45

11.00

Possibilities for technological upgrading of machine tools
industry in developing countries

- Mr. E. Wightman, international consultant to UNIDO,
United Kingdom

Discussions

Coffee break

State-of-the-art of CAD/CAM systems and perspectives for
developing countries

- Mr. E. Bohez, Agsian Institute of Technology,
Bangkok
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12.00 Discussions
12.45 Lunch
14.15 State-of -the-art of robotics and flexible manufacturing

systems (FMS) and perspectives for developing countries
- Mr. A. Laffaille, Association Frangaise de
Robitique Industrielle France

15.00 Dicussions
15.30 Coffee break
15.45 ROUND TABLE: Impact of industrial automation in the

production of capital goods in developing countries

17.30 Closing session

Saturday, 17 October 1987

Guided visit to the 7th EMO Milan Fairground

Sunday, 18 October 1387

No official programme

Monday, 19 October 1987

9.00 UNIDO activities in the machine tocls industry
-~ Technical Assistance Programme,
Mr. Swamy-Rao, UNIDO, Engineering Branch
- System of Consultations Division,
Mr. C. Mariki
- Sectoral Studies in the capital goods industry,
Mr. B.0. Karlsson, Head, UNIDO, Sectoral Studies Branch

10.00 Coffee break

10.15 Closing session Block A
— Mr. D.L. Siazon, Jr., Director-General of UNIDO
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BLOCK B: Investment promotion

Monday, 19 October 1987

10.45 Opening of Block B
- Mr. S. Zampetti, Investment Promotion Office in Milan

11.30 Programme for Biock B will be made available to
participants. Start of discussions

17.00 Official opening of the Investment Promotion Office in

Milan
- Mr. D.L. Siazon, Jr., Director-General of UNIDO

Tuesday, 20 October 1987

Continuation of discussions on investment promotion

Wednesday, 21 October 1987

Visit to factories near Milan

Thursday, 22 Cctober 1987

9.00 Submission of draft final report of the Seminar

10.30 Coffee break

10.45 General evaluation of the Seminar, suggested follow-up
actions

11.30 Closing session of the Seminar




UNIDO/UCIMU Visit programme

Monday, 19 October 1987

Firm Stand

BAKVER 6A - BO1
OMAG 4 — A24
ROSA 12 - BOS
FICEP 4 - D12
VIGEL 7 - BO3
COLGAR 4 - E12

Tuesday, 20 October 1987

Firm Stand
GERNETTIL 20 - BI6
S.A.F.0.P. 5 - A02
VARINELLI 5 - C03
INNSE 4 - DO2
BLN 20 - AQ2Z

DUPLOMATIC 15 - GO6

TACCHELLA 12 - BOl

Wednesday, 21 October 1987

9.30 a.m.

Contact: Mr. Comi

Dinner in the Sala Cavalieri inside the Fairgrounds

2.30 p.m.

Interested countries Hour
Brazil, Venezuela, P.R. of
China, Rep. of Korea, Malaysia 11.00 a.m.
All 11.45 a.m.
All 12.30 a.m.
P.R. of China, Rep. of Korea,
Thailand, Malaysia, Philippines 2.30 p.m.
All 3.30 p.m.
All 4.30 p.m.
Interested countries Hour
Rep. of Korea, P.R. of China 9.30 a.m.
P.R. of China, Rep. of Korea, 10.30 a.m.
Thailand
Argentina, Rep. of Korea 11.30 a.m.
Argentina, Brazil, P.R. of
China, Rep. of Korea, India 2.00 p.m.
All 3.00 p.m.
All 4.00 p.m.
Asia 5.00 p.m.

Visit to RIVA CALZONI Factory - Via Stendhal - Milan

Contact: Mr. Rossignoli

Visit to DUPLOMATIC Faactory - Via Alba 18 - Busto Arsizio (VA)

The participants will be collected at Hotel COLLEONI (Agrate Brianza) at
8.15 a.m. and then taken back in the evening.

UCIMU'S representative: Ing.

P.L. Zenevre
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ANNEX 3

List of documents

Selected Aspecis of Microelectronics Technology and Applications:
Custom and Semi-Custom Integrated Circuits, Technology Trends Series
No. 1, UNIDO/IS.631, 1986

Selected Aspects of Microelectronics Technology and Applications:
Numerically Controlled Machine Tools. Technology Trends Series No. 2,
UNIDO/IS.632, 1986

The Machine Tool Industry in the ASEAN Region: Options and
Strategies. Main issues at regional level. Sectoral Working Paper
Series, No. 49, Volume I, UNIDO/IS.634, 1986

The Machine Tool Industry in the ASEAN Region: Options and
Strategies. Analysis by Country, Sectoral Working Paper Series,
No. 49, Volume II, UNIDO/IS.634/Add. 1, 1936

Final Report of the UNIDO/ESCAP Technical Working Group on Production
and Use of Machine Tools in the Engineering Industry of ESCAP
Developing Countries, Singapore, 17-21 Novemvner 1986, Sectoral Working
Paper Series No. 55, PPD.17, 1986

Implicaciones de la nueva revolucidn industrial: nuevas tecnologias de
informacidn y su impacto sobre las estrategias de industrializacidn,
Serie de Documentos de Trabajo Sectoriaies Num. 53, PPD.4, 1986

Informe final de la Reuniér del Grupo Técnicc ONUDI/JUNAC para la
formulacion de un programa de trabajo en microelectrdnica en las
industrias de bienes de capital de los paises del grupo Andino, Paipa,
Colombia 8-12 Marzo 1987, PPD.36, 1987

Industrial Automation in the Production of Capital Goods. Issues for
Developing Countries, Sectoral Working Paper Series No. 61, PPD.&&, 1987

Technological Requirements for the Machine Tool Industry in
Develioping Countries, Sectoral Working Paper Series No. 51,
UNIDO/I1S.642, 1986

Technological Perspectives in the Machine Tool Industry and their
Implications for Developing Countries, Development and Transfer of
Technology Series, No. 19, UNIDO/ID.312, 1085
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Project proposals for techni.al assistance to developing countries
emanating from the discussions in the Seminar

Argentina

Upgrading the capabilities of an existing research centre in: CAD/CAM, design
& operation of CNC machine tools, industrial robots & flexible manufacturing
systems

People's Republic of China

Malaysia

Assistance in upgrading country industry by the development of common
industrial engineering and suwnporting services, including training

Promotion of CNC machine tools utilization within the machine tooi sector
Workshop on NC, CNC application in metalworking industries in Asia

Nepal

Prototype development and machine tool design training centre -

Ist phase: Pre-feasibility study or feasibility study

2nd phase: 1if funds feasible, then assistance in establishing the centre
Philippines

Common facilities for metal working in selected regional centres

Common facilities for metal working co-operatives in selected regional centres
Sri Lanka

Development of numerical controlled machine tool utilization

Tanzania

Expansion and modernizing the existing tool room of Cotex metals and machinery

Trinidad and Tobago

Computer-aided design and CNCMT manufacture of spares for plants & equipments
Turkey
Development of low cost CNC systems for Turkey

India

Establishment ot an international CNC technologu training facility to meet the
input requirements of all developing countries




- 34 -
ANXEX >

investment profiles

People's Republic of China

CPR/827
CPR/828
CPR/829
CPR/830
CPR/831
CPR/833
CPR/835
CPR/836
CPR/839
CPR/853

Tanzania
TAN/QOL/MI
TAN/002/MI
Tunisia
TUN/001/MI
TUN/002/MI
Indonesia

IND/241/V/87-6

Argentina

ARG/001/MI

Trinidad and Tobago

US/INT/87-061

CNC horizontal boring and milling machines

High precision hard alloy dies and tool machining
CNC gear hobbing machines

Mould and dies

CNC lathe ard mil! tur centre

CNC control system -f machine tools

Injection moulding and extruding machines

Milling machines tool/machining centre

Rubber recycling machines

Mould copper pipes for billt and round continous casting
machines

Modernizing the existing tool room
Two wheelers and mopeds manufacturing plants

Printed circuits and electronics devices
Moulds and sheat tools

Manufacture of precision jigs and fixtures

Turri new machine tool factories in Argentina for
manufacturing CNC lathe and machine centres

Manufacture of spares and replacement parts for machinery






