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EXPLANATORY NOTES

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

The views expressed in this document are those of the author and
do not necessarily reflect the views of the secretariat of UNIDO.

The designations employed and the presentation of the mater-al
in this document do not imply the expression of anv -pinion wnatsoever
on the part of the Secretariat of the United Nati. . concerning the
legal status of any country, territory, city or area or of its authori-
ties, or concerning the delimitation of its frcntiers or btoundaries.

Mention of firm names and commercial products does not Imply the
endorsement of the United@ Nations Industrial Development Organization
(UNIDO).

References to rupees (Rs) are to Indian rupees. In 1980,

~

the value of the rupee in relation to the dollar was $1 = Rs 7.95.

In additicn to the common abbreviations, symbols and terms and
those accepted by the International System of Units (s1), the
follcwing have been used in this study:

AIM abrasive jet machining

ATC automatic tool changer

BHN Brinell Hardness Number

CAD computer—-iided design

CAM computer-aided manufacture

CBN cubic boron nitride

CHM chemical machining

CIRP International Institution for Procduction Engincering
Research

CMEA Council for Mutual Economic Assistance

CMTI Central Machine Tocl Institute

CNC computer numerical coatrol

CPU central processing unit

CRT cathode ray tute

CUPE Cranfield Unit for Precision Fngineering

ar decibel

pC direct current

DCs developing countr.es

nea diagnostic communication systems

NDNC direct numerical control

DRO digital readents

|



EBM
ECG
ECM
EDM
EEC
EMO
ENIMS

EPROM
FMS
GM
GPMs

HIP
HMT
IBM
IC
ICAM
IMTMA
LAFTA
LBM
LSI
MDI
MVA

~
v

NICs
NMTBA
OBI
PAM
PC

PM
PROM
PSI
PUMA
RAM
RxD
ROM
rpm
SCFMO
GCR

(ii)

electron beam machin:ing
electrochemical grinding
electrochemical machining

electroa discharge machining
Eurovean Economic Commuriity
Eurosean Machine Tool Organization

Experimental Scientific Research Institute of Metal-
cutting Machine Tools

erasable and programmable read-only memory
flexible manufacturing systems
General Motors

general purpose machine tools

hot isotatic press

Hindustan Machine Tools Ltd.

ion beam machining

integ.,ated circuit

integrated computer-aided manufacturing
Indian Machine Tool Manufacturers Association
Latin American Free Trade Association

laser beam machining

large-scale integration; large-scale integrated circuits
manual data input

megavolt-ampere

numerical coi1trol; numerically controiled
newly industrializing countries

National Machine Tool Builders Association
cpen back inclirable presses

plasma arc machining

programmable controllers

powder metal(lurgy)

programmable read-only memory

pounds per square inch

programmable universal machines for assembly
yandoun access memory

research and development

read-only memory

rerolutions per minute

Syndicat des Constructeurs Frangais de Machine-Nutils

silicon-controlled rectifier




SIP
UAW
UCIMU
uMC
UMS
UsM
VLSI

Vuoso
wJC
WM

(iii)

Société Genevoise d'Instruments de Physique
United Auto Workers

Unione Construttori Italiana Macchine Utensili
unmanned machining centre

unmanned manufacturing systems

ultrasonic machining

very large-scale integraiLion: very large-scale
integrated circuits

Research Institute of Machine Tools and Machining
water jet cutting

water jet machining
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Preface

This study consisis o7 three = -ts

Part I comorises

2 globel review 0f the machine ool industrv which includes

a case study of the machinz tool indistry i. India;

Part II consicders pros-aective technolocical develomnents in -

the machine tocel indusiry of thz “eveloned countries and

Part III discusses the imp.icaticns for developing countries of
technological developments in the machine tool industry and

contains recommendations, innexes and a bibliography.

The studr is based on replies to a cuestionraire sent
to © . leading machine tool manufacturers, designers, pro-
duction engineers, machine tool technologiste, reszarchers
and teachers in nroducticn technology and machine tool users

throughout the world. thil: —troperin

(09

the study, the author
attended the 30th General 3Azsembly of the International

Institution for Production Engineering {CIRP) held in Australia

in September 1980 and he has drawn ¢n the insichis gained

from discussions held with some oZ the members of the ZIRP

and from subsecuent visits to machine tool research

institutes. Anne:x I contains an extract from a report of the

Technical Policy Board of the the Institution of .

Production Engineers, United Xingdom; the cuestionnaire referred to

above is reproduced in Annex II and the names of the companies,

institutes and incividuals visited by the author are

given in Annex III,




INTRODUCTTIOLFN ,

According to one view, what deveioping coun-
tries need most of all is the provision of basic needs
for the poor using simple, small-scale appropriate
technology. An oprosing view argues equally strongly
that modern technolocv and rapid industrialization
alone can solve the problems of the developing countries. [
Many countries in the third world see all the talk
about Lasic needs as an attempt to deny them the
benefits of modern industry. They see appropriate
technoloqy as backward, outdated technology and con-
sider this approach particularly inappropriate at «
time when developing countries like Brazil, Mexico,
India and the Republic of Korea are becoming importent expor-
ters of industrial goods. It is argued by sone that
these zoncepts perpetuate the present international
division of labour which allows t'ie Western countries
to undertake modern, highly productive industrial acti-
vities but advocates that the developing countries
should ~cc. .entrate on low paila less productive labour-

intensive work. Such a conflict-ridden debate 1is
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meaningless. What is important

however, is to bring production

into the hands of the poor and thus raise a
nation's production and productivity. Tle crux
of the problem is to dilute the €litist control
and urban predominance over the means of produc-~

tion and disperse its benefits amongst the rural poor.

The crucial task of the developing countries

is to overcome their lack of technical development and

raise the productivity of their labour to a level

that would allow t'em to reach the majcr goal set at the
Second General Conference of UNIDO held at Lima, Peru, in
March 1975, namely that the developing countries' share in
world industrial production be increaged to the extent of at
least 25 per cent by the end of the current century. How can
this be done? I3 it more sensible from a national economic
standpoint to import ready-made technological inno-

vations from the develioped countries or to make use

of scientific and basic research ideas; and discove-

ries to develop technological innovations o2n a

national basis? These seem to be two extremes of

a whole range of pcssible solutions. Any cut and

dried answer to the question formulated above

would neither take into acccunt the diversity of




the third world, with its disparate

economic levels, nor the dynamism of the very task
of reconstructing the national economy: for something
that is right at one stage cf development may prove
wrong at the higher stage. It is important there-
fore to formulate general principles of approach to

the solution of this problem.

In view of the present levels of SCientific‘and techno-
logical capabilities of the developing countries, it would
not be practical for many of them to believe that they
can reconstruct their national econowy on technical
lines entirely on their own. No less a danger lies
in the opposite view that the only way out is for
the developing countries to perennially bnrrow
scientific and technical know-how, technology and

ecquipment.

The strategy of sclentific
and technological progress in developing count-
ries should be based on a combination of
national efforts utilizing the scilentific and
technical achievements of the industrial coun-
tries and international assistance which will open

up the prospects for self-sustained growth in
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the scientific and technological potential of the

developing countries.

In general terms, the question
could be asked what kind of a technolcgy do the developing
countries need? Such a question at first
glance may seem to be somewhat surprising. As long
as the developing countrias intend to raise their
standard of economy to a modern level, they need
modern technoloqy; munamely, machine tools, equip-
ment and technological know-how which are being
used in the industirialized countries. This answer

which is on the whole correct, however, requires

some qualification.

Modern technoloqgy has evolved in the advanced
countries where capital is abundant and labour 1is
expensive. This technology as a rule 1is capital-
intensive and labour-saving. The developing coun-
tries are faced with a different situation altoge-
ther, 7Typically, they are short of capital and
have plenty of cheap unskilled iabour. The optimal
utilization of resources in this case obviously
requires different inputs of human and mechanized
labour, and would therefore call for other techno-

logical principles.




Besides, the technology of industrial coun-
tries is highly productive and is intended for
mass production since capital investment and R&D
expenditure which precedes it, can be recouped
only if there is 3 fairly large market.The deve-
loping countries’ domestic markets are very small
and even the recent trend towards subregional
and regional economic integration and co-opera-
tion has not so far changed this state of affairs.
Export of manufactures too can only be done on a

limited scale because of protectionist policies.

This is not to say however that the develop-
ing countries cannot use modern technology and
therefore mainly rely on labour-intensive method:.
Such a solution in fact perpetuates thre third
world's lack of technical development. + eccnomic
revival of the developing countries ¢ / be
achieved through large-scale and highly efficient
production based on the application of moderm
technology. Only this type of production will
enable developing countries to raise their standard
of living ¢o a level which will mark the end of

their economic dependence.




In most modern industries, especially those
with continuous production cycles 1like steel-
making, petrochemicals and fertilizers and cement
production, electric power geneiation.
the technical level and the type of technology
are predetermined by the very nature of the pro-
duction processes. This leaves very little
choice. The relationship between the capital
and labour inout is virtually preset. But in
some other branches of the economy, it is possible
at a certain stage ana expeaient to use various
technologies and types of machinery. The machine

tool industry falls in this category to some extent.

In order to enable the developing countries
to choose appropriate designs of machine tools
and technology for indigenous production, it is
considered advisable to study in greater detail
the latest trends in the machine tool industry so
that the developing countries are in a position
to select sultable modern designs and production
techriology which will last for some reasonable
period of time and not become highly inef-

ficient, obsolete and outdated., These criteria




become doubly important when
the resultant cost, quality, and above all export

possibilities of machine tools produced 1in the

developing world are taken into consideration.




I. OBJECTIVES OF THE STUDY

Steadily increasing production costs, a
characteristic of most highly industrialized
countries have led tc a corresponding expansion
of demand for more highly productive and more
precise machine tools to the point where the
industry in terms of its activity and technical
standards has become quite an accurate index of the
economic efficiency and productivity of the manufac-
turing industry. Many machine tools currently
in use are clearly recognizeblie successors of
basic designs. Some, however, are completely new
in conception and involve machining methods, nor-
mally electrical, whereby the intense concentra-
tion of power (emanating from electric sparks,
electron beams or laser beams) on a small area

£ workpiece causes the metal to melt and vaporize.
A similar new coacept is the manufacture of turbine
blades by electrochemical techniques. Other mracnines
are those used for electrolytic grinding fo. very

hard metals and ultrasonic and abrasive jet machining.




In view of such rapid and innovative changes
that are taking place in the areas of design and
technology of machine tools, it becomes necessary
for the developing countries to investigate
thoroughly the question of obsolescence in the
machine tool industry before acquiring designs and
technology know-how from outside. The objective of
this Study, therefore, is to go into this question
in depth and make a reasonably realistic forecast c¢f machine
tool technology for the future so that developing
countries can go about the task of ectablishing their
own machine tool industry in the proper direction,
avoiding those designs and technologqy
which are not suited to their needs, zand those
which could become obsolete in the near future.

On the other hand, the investigation may reweal
that as far as developing countries are concerned,
it may not ke advisable for them to go in for
highly developed designs and technology in view

of their local economic and social conditions angd,
more particularly, due to the high input needed

to be invested in developing these complex machine
tool designs and technology without any correspond-
ing gains, and the absence of market demand for these

types of machine tools in their own countries.

|




Furthermore the study may reveal thet rather
than expending resources in taking up cutmoded designs
énd technology of machine tools only because of the
simplicity‘and ease with which they could be introduced,
the modernization of basic machine tool designs and techno-
logy in line with the trend in the developed countries
could becom: more alvantageous for the developing countries

in the long run.

In between the two extremes i.e., on the
one hand highly complicated and sophisticated
designs and technology, and on the other old
and outmoded machine tools and production tech-
nology of machine tools, the study could
possibly indicate a midway for adoption by the
developing countries so that their machine tools
are modern and by using them, their manufacturing
methods and production technology could become more
productive and advanced and appropriately meet

their local conditions and needs.

The study may throw some light on whether
the process of organic development in machine

tool technology which has taken the developed
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world several hundred years should be repeated at all

o whether there is also a possibilitv of le-p-
frogging, ap4 avoidineg the rrimitive and 14 Adesigns
of machine tools a2nd technology, but taking up
modern versions of these basic designs, and stayirng
away from more sophisticated designs and technology
ir the : machine tnol industry of the industria-

lised countries as these may not be most appro-

priate for the developing countcies.

In sum, the objective of the study 1is to
make available to the developing countries
adequate technological information as to the
nature of technological development that cculd
possibly take place in the field of machine
tools in the 1980s and by the end of the currant
century. This may enable them to choose proper
designs and technology for building their own
machine tool industry taking into consideration
on the one hand the likely technological obso-
lescence of some designs/types of machine tools
and on the other hand, thelr own future needs
and technological and infrastructural capacities

tc assimilate modern designs and technology. 1In
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broader terms, the study may indicate the impli-
cations for developing countries of the technolo-
gical developments taking place in the advanced
world in the field of machine tools and enable
them to choose those designs and technclogy for
building their own machine tool industry in a
manner that their developments are in line

with modern trends.
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"I1. BACKGROURD JOF THE MACHINE TOOL INDUSTRY

Since the beginning of history, human beings have used
tools to make even better tools - starting with the
Stone Age to the Iron Age. The culmination of these
efforts are today's mo 2rn machine tools. These
are machines that form the basis of much of

modern industry, indeed even of civilization.

Definition of a Machine Tool. A machine tool

is a power driven machine - not portable while
in operation - which «~urks on metals, wood, glass,
plastic and similar materials for machining, form-
ing, electrochemical processing or a combination

of these processes. Machine tools range from simple
drilling machines and lathes to complex, fully
automated and computerised machines, machining
centres with tool changers, multi-station machines,
transfer lines and flexible machining system con-
Zisurations capable of automatically producing work
to consistent qualitative and quantitative criteria.
Machine tools are essential to the manufacture of

all metal products, providing the tools




of production of the manufacturing and engineering

industry for a wide range of capital and consumer
goods. Almost all metalworkina machine tools pro-
duced are purchased by the metalworking industries like
the Vvehicles and metal goods industries, and engi-

neering and manufacturing industries.

It is not known for certain who made

the first machine tool in the world and where and
when it was made. But it is certain that the csliide
rest lathe was conceived and occasionally built
centuries earlier than the best known early exam-
ples of Henry Maudslay's lathes in England
built about 1800. The extraordinary skill
thought necessary and the consequent cost of making
highly accurate guides had alwavs been a barrier to
its widespread use. Davic Wilkinson of Pawtucket of the

United States of America invented about 1794
and patented in 1798 a .athe that provided an
empirical solution to these problems and made effec-

tive lathes commonly zvailable.

Although Wilkinson's original lathe, which

was about 20 ft long, contained the essential novel

elements of design, viz., three-bearing points under
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the slide rest and sufficient weight to keep them
always in close contact wi+h the bed, the arrange-
ment was not such that its full potential could
be realised. For the purpose of equipping a cot-
ton mill in 1806, he built a second and much
smaller lathe sc useful that it was soon copied
for another cctton mill, It then spread widely

throughout the various industries.

When Wilkinson's patent expired in 1812, he
was so engrossed in the prosperous manufacture of
textile machinzs that he was indifferent to asking for
an extension cf his patent. Later in life when
his circumstances were much reduced, he applied to
the American Congress for a cash award based on
the value of his inventions to the Government alone
in its various workshops such as the National
Armouries. He was awarded $10,000 in 1848 and he
died in 1852 at the age of .. This then can be
taken as the beginning of the romance of machine

tools in the world.

There are presently two principal categories
of machine tools viz., (i) chip-removing types,

and (ii) forming types. In the chip-removing
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process, there are ten main types: turning, mil-
ling, planing, shaping, drilling, boring, gear
hobbing, tapping, broaching and grinding (cylin-
drical, internal, profile - external and inter-
nal and flat). Like all machine tool operations,
the above ten processes depend not upon heat or
pressure as do castings, forgings and stampings,
but upon removing metal chips which range from
the metallic gravel of planing to the fine dust
of grinding ard electrolytic chemical, plasma

and laser machining etc. The varlants and

combinations of these and a few others could result

in hundreds of different kinds

of machine tools.

In the main category of forming macline
tools fall all types of presses, forge hammers,

explosion forming machines, welding etc.

While there is no substitute for machine
tools, there is always a constant strife over
technical attempts to substitute one type for
another. This has given rise to literally hund-
reds of varieties and versions of machine tools,
although machine tools currently in use are re-

cognisable successors of basic types and designs.




Furthermore, operations like turning, milling,
grinding and honing have remained basic pro-
cesses of machining around which various types
and innovative designs of machine tools embody-
ing different types of production technologies

have been developed.

The Importanc=2 of the Machine Tnaol Industrvy,

Few, if any, proiucts and services of an indus-
trialised country; would exist if it were not for
machine tools. There would bz no trains, no
ships, no aeroplaiies and no cars. There would
be no electric rowver plants, turbines and gene-
rators. And without agricultural machines,
vithout modern trnsportation and communications
and without refri.jerators - all denending on
machine +ocols - there would be no modern civili-

sation.

The industry's importance is strategic rather
than quantitative. The machine tool is the
mother of nass production and of modern industry
itself, though the machine tocol builders probably
would never hope to become mass producers. Nearly

every a-tefact of clvilisation is either made
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on machines or by machines that are rmade on
machine tools. Yet such is the efficiency,
productivity and longevity of the products of the
rachine tool industry that it has always re-
presented only a small part of the total indus-
trial output of any industrialised nation. For
example, the entire world machine tool industry
is smaller than many individual corporations in the Unitead
States which is why perhaps it remains ungla-
mourous and does not so easily attract the
attention of countries' planners, financiers,

governments and politicians.

The machine tool industry is one of the main
foundations of modern industrialisation, The
industry's ability to produce the multifarious
types of machine tools necessary for industriali-
sation is a wvital factor affecting the economic
and more particularly the industrial progress of
any nation. Nearly most of the engineering indus-
tries viz.,, the machine building industry, electrical
industry, automobile industry, telephone and com-
municationg industry, alrecraft industry, ship
puilding industry and products like rolling stock

and locomotives, diesel and marine engines, bicycles,
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sewing machines, structural fabrication, small
tools and mining, ruilding machinery etc., to
name only a few, can only be developed with the
aid of machine tools. The metalworking, manu-
facturing and engineering industries will of
course have to reach a more advanced stage of
development before the machine tool industry in

general can begin to grow on a large scale.

The Need for Develoving Courtries to Establish a

Machine Tool and Machine Tool Buildine Industrv. Gene-

rally speakiag, for industrial and economic de-
velopment and technological self-reliance, the
developing countries should consider establish-

ing their own capital goods industry, the machine

tool industry being one of the vital and basic industries.
This is so bPecause capital goods are the pro-

creative property Oof industrial society - the
manufactured goods' sole function is to produce

and distribute other goods and services - and

as such, they are basically responsible for

raising productivity and national wealth. The

chief economic difference between early primitive

and modern civilized people lies ii civilized peoples'

facility In creating and using capital goods.
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A nation must learn to create and increase a stock
of these goods if it wants to progress; a nation
that frils to replace or increase its capital stock
begins automatically to regress. Secondly,
capital goods in themselves constitute a sizeable

and important part of the economy of any country,

Thirdly, what is vastly more important, capi-
tal goods play an economic role out of all propor-
tion to their volume or value for they not only
exaggerate but accelerate and sometimes lead the pace
of the economy as a whole. When business in
general falls off, the capital qoods business
tends to decline much more and thus intensifies the
general decline. When business in general advances,
the capital goods business tends to race ahead of
it and thus intensifies the gener=2l rise. It is
no wonder that the state of the capital goods
market became a prime subject for the post-war
planning movement that gather2d momentum a few years
ago and which originated during the Second World War.
Without a virile machine tool industry, the production

of capital goods is not possible.
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In spite of such essential considerations
for the economic prosperity of any nation, many
developing countries have lagged behind in estab-
lishing their own capital goods industry in general
and the machine tool industry in particular. How-
ever, countries like Argentina, Brazil, India, Mexico
and the Republic of Korea have a sizeahle. sanital
goods industry of their own and a large machine tool
industrial base. This base has given them a great
advantage over other developing countries and they are
today in a position to substitute imports of many
items of consumer durables and consumer goods,
capital machinery and engincering items, Some
have reached a stage of develorment which enables
them to export a variety of industrial products
to supnort their international trade and maintain an

equitable trade balance.




III.

THEﬁEQRLD MACHINE INDUSTRY - A BRIEF REVIEW

The yorld machine tool industry, which con-
sistently registered an increase in output from 1962
reflecting generally the industrial boom conditions
in the main machine-tool-producing/using countries
of tha world, suffered the first set-back in 1974 due
to the o0il crisis. The rise in o0il prices, unrelen-
ting inflation and the confusiocn in the world money
exchange market have had their repercussions on
machine tool production and even though the world out-
put picked up in 1975, it agair fell byl per cent in 1976.
However, the production rose again and registered a
19 per cent increase in 1979 over that of 197b of total pro-
duction of $22,7 billion. Even so, according to the
National Machine Tool Builders' Association (NMTBA)
of U.S.A., close to half of this increase is probably
real. The remainder represents inflation and the
bias introduced into the comparison by the problems

nf exchange rates.

The latest estimate of production of the 33

machine tool-producing countries in 1979 and the
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revised statistics pertaining to 1978 are shown

in _able 1. 1In the field of exports, the impor-
tant machine tool-producing countries have a

major share. The world exports of machine tools
have risen steeply from 1964 and onwards as can

be seen from Figure I. Similarly, the increase

in the trend of machine tool consumption touched the
$19.6 billion mark in 1979 gsee Figure IT.

The machine tool industries of the developed
countries hold a leading position in world
machine toalproduction and trade. During 1979,
22 advanced countries viz., the United States of
America, the thirteen member countries of the Europesan
Committee for Co-operation of the Machine Tool Industries

(CECIMO) in Western Europe, the seven CMEA countries

of Eastern Europe, and Japan aecounted for abeout

93 per cent of the world's exports. These 22 countries
consumed about 75 per cent of the world's total production
as shown in Table 2. The United States was again the

country with the most industrial investment




TABLE 1
World machine tool production and trade (milions of US dollars)
1979 (estimated) 1978 (revised)
Production ' Trade Production Trade
Country Total Cutting Forming Export import Total Cutting Forming Export import
1. Germany, Fed.Rep.of $4099.9 $2951.9 $1148.0 $2460.0 $541.2 $3396.4 $2373.8 $1022.6 $2122.3 $462.0
2. United States 3890.0 2940.0 ; 950.0 660.0 1060.0 3004.3 2205.7 798.6 560.2 715.3
3. Soviet Union 2892.0 2234.0 658.0 350.0 800.0 2652.0 2056.0 596.0 332.0 803.0
4. Japan 2697.8 2081.5 616.3 1113.8 1585.2 2350.3 1736.6 613.7 1017.5 1199
5. ltaly 1385.7 903.7 482.0 698.9 265.1 1060.5 698.3 371.2 596.2 1944
6. United Kingdom 1106.4 8723 234.1 468.1 574.5 821.4 639.1 182.3 426.0 399.2
7. France 918.1 586.2 3319 4798 352.4 723.0 535.7 187.3 382.7 2896
8 Serman Dem. Rev. 805.8 636.7 169.1 661.6 24338 698.6 552.0 146.6 547.9 2178
9. Switzerland 797.1 677.5 119.6 677.5 139.5 768.2 652.8 115.4 652.8 124 3
10. Poland 684.6 600.8 838 1909 518.3 678.8 594.9 83.9 163.4 595.8
11. China - 420.0 315.0 105.0 28.0 60.0 405.0 305.0 100.0 2C.0 * 650
12.Romania ’ 4036 359.7 439 130.7 381.2 2943 268.0 26.3 88.0 3390
13. Czechoslovakia 357.2 285.9 713 265.0 166.3 363.4 295.1 68.3 246.2 170.2
14. Spain 313.1 2199 93.2 216.2 82.0 232.2 161.8 70.4 147.6 ,801
15. Brazi 2398 191.8 48.0 33.0 136.0 255.3 203.0 52.3 20.1 226 2
16. Yugoslavia 2225 121.0 1015 50.0 150.0 173.5 105.1 68.4 41.7 150 2
17. Sweden 199.7 131.2 68.5 156.7 101.7 166.4 105.5 60.9 138.3 1095
18.0ther fsia 172.2 165.2 7.0 120.0 70.0 126.0 ° 119.7 6.3 94.0 58 3
19. Austra 150.8 64.1 86.7 113.1 147.0 1125 69.8 42.7 939 98 9
20. mer. of Xorea 150.0 107.0 43.0 22.0 140.0 95.0 68.0 27.0 5.0 156.0
21, India 129.0 1129 16.1 31.0 558 1118 96.8 15.0 24.4 48.8
22. Beigum 127.3 44.7 82.6 110.5 126.3 1140 40.0 740 99.0 113.2
23. Hungary 115.9 107.3 8.6 89.8 123.9 109.3 101.7 7.6 84.2 112.7
24. Canada 110.3 64.6 45.7 66.4 330.2 848 47.4 374 528 228.0
25. Netherlands 75.0 50.0 25.0 39.0 102.0 66.5 439 22.6 34.7 90.9
26. Argentina 62.0 245 37.5 12.0 75.0 60.0 240 36.0 12.0 60.0
27. Denmark 48.0 26.0 220 25.0 420 453 249 20.4 23.7 39.8
28. Bulgaria 30.0 30.0 - 15.0 25.0 30.0 300 - 15.0 25.0
29. Singapore . 21.3 19.3 20 27.7 92.1 12.0 10.4 1.6 18.8 46.8
30. South Africa 20.0 7.4 12.6 39 112.3 149 46 103 4.0 80.5
31. Australia 18.0 9.7 8.3 1.1 155.4 18.5 99 8.6 1.1 106.7
32. Mexico 15.5 7.5 8.0 1.6 850 13.6 6.6 7.0 1.3 75.0
33. Portugal 143 6.1 82 4.6 38.9 10.2 4.8 S.4 4.0 14.8
Total $22692.9 $16955.4 $5737.5 $9322.8 $7448.1 $19068.0 $14181.9 $4886.1 $8070.8 $6426.9
courcer AN Cou ACH TNIET, renr ry 1CaN

o
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TABLE 2
LEADING MACHINE TOOL CONSUMERS

(millions of US dollars)

Change Change
Country 1979 1978 before after
Conversion Conversion
{per cent) (per cent.)
1. United States 4 .290.C 3 159.4 +35.8 +35.8
2. Soviet Union 3 342.0 3 123.0 + 3.4 + 7.0
3., Germany,Fed.Rep.of 2 182.2 1 636.5 +21.4 +33,3
4, Japan 1739,2 1452.7 +24.6 +19.7
5. United Kingdom 1 212.8 794.6 +37.7 +52.6
6. Poland 1 012.0 1111.2 - 8.9 - 2,9
7. Italy 9%1.9  658.7 +41.3 +44.5
8. France 790.7 630.2 +18.1 +25.5
9. fomania 654,1 545.3 +20.0 +20.0
10. Brazil 342,8 461.4 - =25.7
11. China 452.,0 450.0 - + 0.4
12. German Dem.Rep.  388.,0 368.5 - 4.1 + 5.2
13. Yugoslavia 322.5 282.0 +16.5 +14,5%
14, Czechoslovakia 258,5 287.4 -10.1 -10.1
15. Canada 374.1  260.1 +47.5 +43,9
16, Republic of Xorea 268.0 246.0 + 8.7 + 8.9
17. Switzerland 259.1 239.3 + 0.3 + 8.3
18, Austria 184.7 117.5 +43.7 +57.2
19. Spain 178.9 174,7 -10.4 + 2.4
20, India 153.8 136.2 +11.1 +12.9
21. Hungary 150.0 137.8 + 6,0 + €.9
22. Sweden 144,7  137.6 - 0.5 + 5.

- Source: American Machinist - February 1980.




and apneared to increase its lead over the Soviet

Union which  ywas the leading consumer of machine

tools during 1978, Larger rates of increase in the
consumption of machine tools, though from a smaller

base, were recorded by Australia, Canada, Italy

and the United Kingdom. It must be remembered

that the rate of consumption of machine tools in

any country determines the growth of manufacturing
industries in that particular country. From this
yardstick, the United States seems to have investea heavily in
modernising and updating its wvarious manufacturing
activities besides adding to its existing capacity

in this direction. This shows that machine tool
production, consumption and trade are concentrated

in these 22 countries. The machine tool shipments

of the world are shown in Vigure III. Incidentally,

the Federal Reoublic of Germanv, France, the German Democratic
Republic, Italy, Japan, switzz2rland, the Union of Soviet
Socialist Republics, the United Kingdom and the United
States also provide the technnlogical lead in the field of
machine tools. The developel countries' share of produc-

tion and export of machine tools are shown in Figures IV

and V respectively.

The bigh degree of industrialization of these
countries, their monetary strength and their flourishing

economies provide the basis for their strong
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FIGURE III. .HACHINE TOOL SHIPMENTS OF THE NINE
LERADING NATIONS (millions or us aollars?
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Figure 1IV. The share of production of machine tools of the developing countries as
a percentage of the world output
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Figure V.

The share of export of machine tools of the developing countries
as a percentage of world exports

1964

5

71

Y o oo n 3
onod fhde : .
T Shiest
b b4 ey 5
- 1 1§ SRS G tdi
+ o4 8
> o b
> rFrres
b4 5444
T P 1 rease
o nanes bt : :
oo Teved vee T T T > 220 spass
3 rvepeees T pe he
: T
b4 pott ooset - + oS o - + S
>+ T T T hev T T - e - s - v
T 3
pesegee sy ¥ 1
»e > Bat T T
T T +
T T
25221 e o4 v be +
- > r >
o e : T T 2eis
oty
- b e . b i
t T
>e >
-
0 y sozeiss:
TIs - T 1t H
T T T T -
! ot 5 faemats :
T T
>
> T e e
> T + :
e be - {4
: d 1 :
: era ep. 3
T * >
§ pd + + - T
b 3 . e ) 8 b & . 4 asl
>e
- » L sod e -
354 sosat 224
3 4 .
(0} : ¥
t T T +e
b32E: ba Teesiese
e ¥
I 3 20000 2020 o
- v o od L oas. 1 i
el pass dggas i ¥ >4 1
T
$2 3 2os 2330 s3oe It 3 I o oe
¥ N v T ¥
I j2223 o2 P22E2 208222052 st 337 7 y 3
+~ feverdone -
+ < adls cod ] Loass aSobe ¥ LS Sodah abse, $had
[goss pegss 154 .t +
2 3% 2 s >4 > s povevdee 3
T »a . reges - -+
" < — [~ s y ¥
ve 113 T b
I 328 00804 tae fooey poos 201 4 -
3e8ssase: S 200 S 53y ELRS 33588 L1353 SER T¥ >
122
Il >
b BOSS »
s pess t 1 1
oyl et t
- > Y Tesfees
e H
20 iy 2222, ]
> 23 eredirerheses -  aasass H 1
+ - 11T ¥ it
- b4 .o e bod eaas ' o b 4
o ot = TR ¥ z e can b
. T 1Y e pootd IR seoas : -
T e oo noa ne 1 . w0 22z - -
¥ T bposs : t =
: pe . > -
> T < .
523 + 1 Tt
*13t T I it e |
- > -
1 T .
recsoen lenasas T Tt recnnsl
] et
on
s
-
TS ipsi i
e Tt \
s bema
-t
e
v
1
T .
1 i . .
00 1 T 3
Iy 21 ot e Bi TSR R 2oL aP05l 5t X 1 1

Sourc

e:

NATIONAL MACHINE TOOL BUILDERS'

ASSOCIATION.




machine tool industry. Traditonally, these coun-
tries have accounted for 80 per cent of the world trade
in most industrial Joods as well. Histori-
cally these developed countries have developed -

all the technological innovations in the realm of
metalworking equipment. The advanced designs and
technological developments in these countries have
been more, in a way, an answer to their own require-
ments, viz., the speeding ur of production and pro-

ductivity and the progressive saving of labour.

The industrial boom in the developed counc.ries
has not only provided imnetus for the growth of
their metalworking sector, but even the higher
level consumption of their societies demandsthat
these growth rates are maintained to ensure

continued affluence.

However, judging from their present level of
enerqgy consumption, somec apprehensions are expressed that
the developed countries may not register the same rate
of econoinic growth as envisaged before because
their industries and technology depend upon deple-

table energy inputs like coal and crude. But
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since these courcries have predominant technolo-
gical power, resources and capabilities and the
necessary infrastructure for R&D activities in
almost all industrial disciplines, alternate

energy sources may well be tapped by them much

earlier than by the other countries ot the worla.
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IV. THe MACHINE TOOL INDUSTRY IN SOME CF THE LEADING
MACHINE TOOL PRODUCING/EXPORTING COUNTRIES

The machine tool industry in most of the in-
dustrially advanced countries has many common
features. Even so, the developments taking place
are not quite uniform. For instance, some count-
ries like Switzerland specialise in producing
super precision machine tools like Jjig boring
machines, jig grinding machines, gear grinding
machines, moving headstock automatics and machine
tools needed by the watch industry. The United States
has specialised in producing very high performe
ance productive machines mostly with NC and CNC/
DNC systems of controls, for small and medium
batch quantity production, large batch production
and mass productionof single components (e.g.
transfer lines). EEC countries and Japan and socialist
countries, like Czechoslovakia, the German Democratic
Republic and the Soviet Union produce heavy duty and
high production machines needed mostly for general
applications at very reasonable prices. This explains
the fact that major machine-tool-producing countries

have themselves been the principal importers




of machine tools. 1t is very common to see

SWwiss grinding machines, jig boring machines or gear

grinding machines in the Federesl Republic of Germeny, Japan,

or the Soviet Union. On the other hand, Switzerland
France, Italy and the United States import a

lot of machine tools from the Federal Republic of Germany

for particular applications. No country in the industriali-

zed world has ever attempted to be self-sufficient

in its reguirement of machine tools. Soma

developed countries in the socialist bloc.which

experimented with :he concept of self-sufficiency

to an extreme degree, had to give up eventually

in order to improve the quality and productivity of

their domestic machinery ~ products and equip-

ment-and also to compete in the world market.

From these considerations and as guidance
for developing countries, it is considered worth-
while to give the following brief accounts of
the status of machine tool industries in some of

the important industrialised countries.
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THE MACHINF TNAT. INDIKTRY I[N THF WRNFRAY REPUBLTZ OF
GERMANY :

The machine tool industry of the Federal Republic of Germany
rose from the ashes of a war-ravaged country in 1947 te
grow and occupy a leading position in the world
within two decades. Many attribute the economic
miracle of of the country to the dynamism and phenn-
menal growth of its machine tool industry. For a
few years in the late 1960s and early 1970s, the machine
tool industry of the Federal Republic of Germany edged
over the United States to the second place in the world
ranking of machine tool-producing nations. The United
States recaptured the first position in 1975 bait the

Federal Republic swung back to the first rank in 197€ gnd

has held that place ever since.

The phenomenal growth of the machine tool industry in
the rederal Republic of Germany was facilitated by two imp-
ortant factors: (i) Most of the capital equipment
of the couuntry and tuat of yuite u few European countries was
damaged during the Second World ¥Var. The rebuildirg
of the country hinged on making available the
required capital equipment like machine tools for
reconstruction. (ii) The destruction during the

War provided an opportunity to equip machine
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tocl plants with the latest machinery, thus com-

bining the advantage of higher productivity with

modern designs. These two factors together with '
the generous assistance from the United States under the

Marshall Plan for the economic recovery of Burope

helpec to rebuild modern machine tool factories

all over the Federal_Renﬁblic of Germanv and Berlin (West).

The hectic reconstruction of the industrial base of

Hestern Europe and the favourable boom conditions

over a long period provided the ideal setting for

——

the country's machine tool industry to grow in-

to a most powerful catalyst of industrialisation.

Production. The country's machine tool
industry produced DM 6.8 billion worth of machine
tools in 1978. The production rose to DM 7.5
billion in 1979, The American Machinist )
estimated that the production for 1980 might

touch DM 8,2 billion. The production of metal-
cutting machine tools in 1978 was worth $2,234.7 million,
and metalforming machine tools $1,054,2 million,

according to the American Machinist. The pro=-

duction, consumption, export and import of machine {
tools together with percentages of exports to

total production and imports to total consumption

from 1975 to 1979 are shown in Table 3.




![
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Table 3. THE MACEINE TOOL INDUSTRY IN THE FEDERAL
REPUBLIC OF GERMANY; PRODUCTION, CONSUMPTION
AND TRADE
Value: in U.S. $ millions
- TI-P- - Y - - - -
Year Produc~| Consum- T R A D E
ti h - - S -
on ption Export |Percentagg| ImportpPercentage
to to
productioq consumptio.
1975 2 403.9 808.8 [1 814,.,3 75.48 219,7 27.16
1976 2 410.6 9Q9.4 |1 738.7 72.12 237.5 26.11
1977 2635.,5 ]1132.7]1 823,2 69.18 320.4 28,28
1978 3 396.4 | 1 636,52 122,3 62,48 462 ,0 28.23
1979 4 099,9 | 2 182.2)2 460.0 60,00 541.2 24.80
Source: American Machinist.
Exports and JImports. The Federal Republic of Germany's export

trend from 1975 to 1978 indicated a fall in export of machine

tools (see Tgple 3).

is about

revaluation of the German mark vis-a~-vis the United States dollar.

5 per cent.

The annual decrease in real terms

This could be partly due to the

Italy has succeeded in cutting into the country's share of

exports because of distinct price advantage and other

favourable terms given to customers.

estimate of the German Economic Institute,

According to the

the labour

costs during 1979 accounted for as much as 20.06 billion




DM per annum in the Federal Republic of Germany while it was
13.72 billion DM ver annum in Italy for the corresponding
year. It must also be noted that even in the

developed countries, the labour-intensive charac-

ter of machine tool manufacture, persists despite

impressive advances in automation.

In spite of this handicap, the export share

Of the country's tool industrv occupies the first rank

and is far ahead of other countries such as France, Italy,

Jermen, the “oviet Union and the United States. This is mainly

due to the techpalnoical strenocth and anslitve-conseious-

ness and high degree of aggressiveness of the country's

tool exporters, The countrv is convinced that

it can retain its world rank only by introducing

new technology machines and by constantly upgrad-

ing the existing metalworking equipment. The

industry continues to 3jepend primarily on exports,

which account for more than 50 per cent of the total

output of machine tools in the country.

The countryv's machine tool industry has also
come to rely on the home market for as much as
35 per cent of its productionj the impetus to go

in for higher technology machines will mainly
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arise from hare demand and from sophisticated ex-
port markets like the United States. During 1979
the increase in domestic demand was indicated by
the higher investments in industrial development
projects. Even in this swelling home market, only
those who have gone ahead with product development
have a chance of selling their latest designs of
machine tools in view of the high productivity

of modern equipment.

The country's imports of machine tools as a
ratio to total consumption increased to 28.23 per
cent in 1978 but went down to 24.80 per cent during
1979, As can bhe seen from Table 3, the
imports of machine tools are somewhere in the
region of about 25 to 30 per cent ,as a percentage
of total consumption. This again proves the fact
that the biggest machine-tool-producing and ex-
porting countries are themselves large importers
of machine tools. The country's imports of machine tools
are likely to rise because of the increasing
cost of manufacture brought about by wage increases
and lower working hours in the country's machine tool
industry. Japan and Switzerland are expected to
boost exports of theilr products to the Federal Republic

of Germany
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because of the almost steady cost of manufacture
of machine tools in these two countries. Japan now
ranks fourth in the list of countriec from which

the Federal Republic of Germany imports machine tools.

Technological Strength. The foremost position

of the country's machine tool industry in the
world is due to its technological strength in all
spheres of machine tool manufacture. The research and
development support to the machine tool industry
is provided by continuous work done in the country at [
machine tool research institutes like the
Technische Hochschule, Aachen and the Technische
Universitat, Berlin (West). It has been acknowledzed by
many that the research work conducted at these
centres has been of such a farreaching nature that
the prosperity of the 'country's industry can be directly
attributed to the visionary approach of the leaders
who have been in charce of institutes
and : in establishing the closest liaison between
them and the universities on the one hand and industry
on the other. The country has pioneered some of the

major advances not only in electronics but also
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in many other fields including product reliability
and safety. Nore than 25 per cent of NC machine
tools exhibited at the Third European Machine Tcol Organization

(3 EMO) exhibition at Milan, Italy, were equipped with Siemens/Fanuc

controls.

The country's technological strength is evident from
the quality of their products, stretching from
simple lathes to the most sophisticated manufactur-

ing systems incorporating robots and computers.

Outstanding developments have been achieved
by the country in the area of NC controls. In a
joint venture with Fanuc of Japan, Siemens have

almost relegated other control manufacturers likeGeneral

Electric. Bendix and General Automation to lower ranking

positions. leing Sinumeric Mate TG, a microprocessor-based

CNC for 1lathes, the programmed workpiece con-
tours and the macnining sequence are shown on the
graphic display in the same way as on an electronic
drafting machine. The control system detcrmines

the necessary rough and finishing-cut sequences from
infeed valves and it has the capability to dis-

play current cutting data.

Two majcr series of controls were recently

introduced by Siemens/Fanuc, system 6 and 8, |
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Both use a new 16-bit microprocessor and offer

the option of bubuie memorv with 256,200 charac-

ter storage. The system 6 was developed by Fanuc

to replace the system 5, 6T for lathes and 6M

for milling machines. The system 8 was developed

by Siemens to replace their old 7 and is avail-

able for lathes, for milling and for drilling with up
to 10 axes for machining centres. The system

includes an arrangyement by which informatikn

can be presented on a display screen that pro-

vides some of the alarm and diagnostic functions.

Laser cutting has been added to NC and
according to the President of Trumpf, the £irm
was the first to acquire a laser for this pur-
pose and incorporate it in their punching machine.
The machine floats on air suppcrts when it
is punching, but it is lowered to a rigid founda-

tion when laser cutting,

Trumpf has been trying further to reduce
noise in their punching machines by putting
sound-absorbing casings round those components
of the machine which produce most noise, The
principal source of noise of course is the cutt-
ing tool. This has been reduced .0 about 10 4B

throuch special geometry of the tool.
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THE MACHINE TCOL INDUSTRY IN 'HE UNITED STATES
OF AMERTCA

The machine tool industry in the United States is loca-
ted predominantly in the north-east and north-central
parts of the country. In terms of numbers of
employees, this-branch of industry is relatively
small and is characterised by many small and medium-
sized fimms, although the Western world's larjyest

machine tool units are ir the United States.

The current picture of the country's machine tool
industry is bright for machine tool builders.
New orders are pouring in at the rate of over
$ 300 million a month and machine tool builders
are adding shifts, planning expansions and other-
wise moving to meet demands for more capable
equipment. In spite of increased production, the
industry is facing delivery delays ard backlogs
are climbing t0 a record high. In 1979, the

total ind.stry backlor was over $2.5 hillion.

Most recently, however, the industry is fac-
ing some problems. With the operating rate of tlre

metalworking industry estimated at 76 per cent and

decreasing, there are ominous signs for the
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machine tool industry. In metalworking, the prob-

lem is the automotive industry. which is overating at a

little more than half of its capacity. But the
industry accounts for only 20 per cent of the out-
put of the metglworking industry. The machinery,
electrical machinery and aircraft segments, which
represent more than half of the total output of
the metalworking industry, are still operating
above 80 per cent. This fact should more than

allay the pessimistic foreboding of United States mach-
ine.tool manufacturers, so scared by the current
recession in the country's economy. But to sur-
vive the recession the machine tool manufac-
turers need to undertake extensive product develop-

ment which, as observed, is being done.

Produgtion. The machine tool industrv in the United

States vroduced $3.004.3 million worth of machine 1

tools in 1978 and in 1979 the production rose to

$ 3,890 million, Production, consumption, exports
and imports of machine tools toicther with por-
centages of export to prodiiction and import: to

total consumption from 1975 to 1979 .ar-: zhoun in

Table 4.
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Table 4. THE MACHINE TOOL INDHSEEYAIN EHEAUNI?EBMTAH
STATES OF AHERICZ: TRODUCTION, CORSUMPTION
(Vvalue: in US $ million)
e S 1 - ———-
Year|{ Produ-| Consump- | Export]y” Z AImgor'tt: ! i %
ction tion Z:ii?t° tzrzzzzziz- |
S N S S roduction ___ | __ tien |
1975) 2 451.7] 2 201.7 576 .6 23.15 317.6 14,42
1976 2 169.3| 1 941.1 546.5 25,15 318.3 16.40
1977} 2 440.7]| 2 389.5 452,1 18,52 400,9 16,78
19781 3 004.3] 3 159.4 560.2 18.64 715.3 22.64
197913 890.0] % 290.0 648.8 16.97 j1043.8 24,71 J
Source: American Machinist.

Exports and Imports. Machine tool exports

represent an important factor in the U.S. trade balance
but constitute a small proportion of the total amount
of production, which is partly due to the fact that the
U.Se.A. itself needs to replace the old machine tools
presently in operation in the metalworking industry. ‘
As a matter of fact, in 1979, the United States was the top con-
sumer and importer of machine tools in the world and

this appears perhaps natural if the age and quaatity of

machine tools installed in the country are considered.

According to recent statistics, based on the

12th American Machine Tool Inventory of Metalworking
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Equipment, published in December 1978, the

United States has the lowest percentage of mach-

ines under 10 years old {3] per cent) and the highest
percentage of over 20 years old (34 per cent) of
many industrialised countries like Canada, the

Federal Republic of Germany, France, Jtaly, Japan

and the United Kingdom. United States exporte =s a
percentage of the total production are decreasing, as can
be seen from ‘able L. However, the U.S.A. perhaps

15 lcauluz other countries lihe tue Federal fepublic
of Germanv and .Tanan in

exporting high technology machines. The U.S. ex-

ports of metalcutting machine tools increased by 11 per
cent over the 1972 level, with notable gains
registered in exports of horizontal machining

centres, vertical boring machines, horizontal borine-

drilling-milling machines, electrical discharge
machines, threading machines and multi-station
transfer machines. Metalforming machine tool exports

rose by 24 per cent in 1979 with increases in al-

most all product types.

Many Of the nmachine tools imnorted hv the lnited States

come 1rom Japan ard the Federal Republic of Germany. During

1979 Japan supplied over one third of the total Unrited States

imports of machine tools followed by the Federal Republic of

Germany representing ly per cent.

United Gtates machine tool imports
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since many years fiqured lower than exports until
recently and the deficits in the machine tool trade
balance occurred for the first time in 1978 and

continued in 1979 when imports were higher than

exports.

Technological Strength. The maciine tool industry of

the United States now uses machines incor-

porating the latest technological features such

as Numerical Control (NC), €omputer Numerical

Control (CNC), Direct !Mumerical Control (DNC)

and the industry is shifting its emphasis from indi-
vidual machines to complete manufacturing systems

based on CAM (Computer-Aided manufacture). One
noteworthy aspect is that NC machines accoun-

ted for 34 per cent of shipments in 1975 and this
percentage is continuously on the increase and the United
States produced as many as 5,688 NC

machine units during 1978.

A new array of system-elements - matching
centre, computer-aided operations, minicomputers,
adaptive-controls, automated diagnostics and micro- .
processors - is at the service of the machine tooli
builders. 1In addition to accelerating change in
modern manufacturing, as stated in the report of the

Society of Manufacturing Engineers, United States of America,
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published by the American Machinist, “they are also

working a corresponding change in the conficura-

tion of industry and in the very nature of manu-
facturing engineering...". Clearly, the production

of labour-intensive general purpose machine tools

is on the wane and reaquirements for such machines

are being met by imports from outside. In the

coming years, the machine tool industry of the United States
will emerge as'the major supplier of integrated, flex-
ible production plants to retain its lead in the

world market. The secret behind the success or the
country's machine tool industry lies in its ability

to speedily convert technological innovations in-

to production realities.

The industry is currently involved in rapid
growth filled with swift transition in product
design and application and wundergoing revo-
lutionary changes in both the nature of its products
and the structure of the industry that produces

them.

Even so, there are some deficiencies in the {

country's machine tool industry as pointed out by

the Machine Tool Task Force Report on Machine Tool Technology




puhlished in 1Q80. It states that co-operation

between industry, academic and government sec-

tors is not as strong in the United States as in csome other

countries. notably Japan and the Federal Republic of Germany.

Lack of co-operation in the United States appears to have
been due to a variety of reasons, such as anti-

trust conperns, the diversity of user industries,

the many small specialised and diverse compan-

ies of the industry, the individualism of wvarious
companies and the general adverse rcletionship

that exists between the groups. Another salient
observation of the Task Force is that the 'United States
is the only major developed country that does

not have a machine tool institute which in oth-

er coun-ries often becomes the focal point for

conmon technology interests. Yet another rather
surprising observation is that many good ideas

come out of research laboratories in the United States, but
buyers are slow to adopt them because they are

reluctant to risk using a new technology.

The outstanding technological breakthrough
in production engineering pioneered by the machire tool in-

dustry in the United States has been in organizing

the manufacturing process, through a computer-aided




system (CAM). call~d the flexikle manufactur-~
ing system (FMS). This new method relies on
three distinruishing characteristics:

(i) potentially independent NC machines;

(ii) a transport mechanism: and (iii) an over-
all method of control that co-ordinates the
functions of both machine tools and the transpert
system 30 as to achieve flexibility. Within
this brcad scope, there are any number of indi-
vidual approaches towards striking a palance
hetween high output on the one hand and great
flexibility with concomitant reduction in vol-

ume of output,on the others

Yet another revolutionary chanae in
computer-aided manufacturing (CAM) in the United States
is the introduction of computer graphics, which
can be defined as a human-oriented system that
uses the capabilities of a computer to create,
transform and display pictorial and symbolic
data. Computer graphics are widely employed in the United
States manufacturing industry for geomet-
ric modelling e.g., NC programming, preparation

of drawings, calculations, assembly studies

and work planning.




THE MACHINE TOOL INDUSTRY IN THE UNION OF SOVIET
SOCTALIST REPUBLICS

The machine tool industry in the Soviet Unicn ranks
third in the world. Yet the Soviet Union is a major
importer of machine tools being one of the fore-
most consumers of machine tools. The machine
tool industry in the Soviet Union was one of the very
first to be put on a firm foundation after the
Revolution for the industrial development of this
vast nation. The machine tool industry was
formerly concentrated in th~e areas arovnd Moscow
and Leningrad but now it has been, as a policy,
deliberately well spread in the other areas ex-

cept in the vast expanse of Siberia,

Production. The Soviet Union produced machine tools
worth § 1849,3 million in 1974 of which metal-
cutting machines accounted for § 1354,7 and metal- ‘
forming machines for § 494.6 million. In 1975
the production of machine tools rose to § 1984.4
million in which the share of metalcutting equipment .
was worth $§ 1456.4 and metalforming machines worth
$ 528 million. 1In 1975 the Soviet Union produced

232,000 machine tools consisting of 181,500 metal-

cutting machine tools and 50,500 metalforming
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machines. Production of machine tools again ‘
registered an increase in 1976 to reach a total

of 232,000 machines valued at $2,010 million,of

which metalcutting machine tools accounted

€or $1,555 million and metalforming for § 455

million. In 1977 the production of machine tools

rose only marginally to reach 238,000 machines of

which 6552 machines were programme controlled,

probably including both NC and plug board types.

The production in 1977 was valued at $5,201.9 . [
mikzlion of which metalcutting machine tools !
were worth § 1707.7 ﬁillion. Even though the

value of production rose to $2,652 million in

1978, the number of machine tools produced during

that year was the same as in 1977. The increased

value of production is attributed to the higher

number of programme-controlled machines. The NC

and plug board machines accounted for as many as ,
7365 mz2chines in 1978, The production of motal-

forming machines touched 55,000 units valued at

$ 596 million., The production in 1979 was esti-

mated even less in number of units,viz., 230,000

at § 2892 milliion of which metalcutting mach-

ines were estimated at $2234 million and metalform-

ing machines at $ 658 million. The number of NC
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machines was expected to rise to a record height of
nearly QPOO pieces. The Soviet Union has progressively in- -
creased its production of machine tcols since 1974 and .
has consistently occupied the third rank in world production
behind the Federal Republic of Germany and the United Stetes.
he production, consumption, export and import of machine tcols
together with percentages of export to production and

of import to total consumption are shown in rable 5.

Table 5. THE MACHINE TOOL INDUSTRY IN TFE UNJON OF
SOVIET SOCIALIST REPUBLICS: PRODUCTION,
CONSUMPTION AND TRADE

Value: In U.S. $ millions.
_ -a TF' - -
T R A D E
——————— r————————ﬂr pr - = - "

Year| Produc-| Consum- | Exports|Percen- Imports| Percen-
tion ption tage to tage to
asroduc- consump-

tion tion
SN SR SR D— {-tiem Y | _tiom __

1975] 1 984.,4 |2 286,6 187.8 9.46 490,0 21.43
1976 2 010.,0 |2 489,0 235.0 11.69 74,0 28,69
19771 2 201.,9 |2 821.4 280,.,5 12.74 900 .0 31,90
1978 2 652,0 |3 123.0 332.0 12,52 803.0 25.71

1979] 2 892,0 |3 343.0 350.0 12.10 800.,0 23,94

—— -} -—

Source: American achinist.




Exports and Iwports. In 1978, the Soviet Union ex-

ported $ 332 million worth of machine tools. The

exports in 1979 were estimated at $ 350 million.

Most of the country's production of maciine tools were

exported to the leading CMEA countries. ‘'he top custo-

mers in order of ‘'significance were: Poland, Czech-
oslovalkia, German Democratic Republic, Romania and
Bulgaria. The Soviet Union also exported sizeable quanti-
ties of machine tools, largely as part of barter

trade, to other Westerrn countries.

However, the 'Soviet Uninn is an important impor-
ter of machine tools. JTn 1977, it imported i achine
tools worth $ 900 million. 1In 1978, however, im-
ports decreased to § 803 million and were estimated
at $ 800 million in 1979. The Soviet lnian imports most
machine tools from the Federal Republic of Cermeny, France,
the German Democratic Revpubliec. Italy. Japan and Switzerland.
and Japan., The Soviet Union made heavv purchases cf mach-
ine tools for the Kama River Project and for its
Togliatti automobile (Fiat) plant from the Federal Republic
of Germany, France, Italy and the United States. Prospects
of imports of machine tools from the West by the Soviet

Union were not likely to imprcve during 1980 because of the

country's shortage of hard currency.
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Techr.ological Strength. The Soviet Union has

the widest research and development base, perhaps

next only to the United States. The foremost research and

development organisation, the Experimental Scientific
Research Institute of Metalcutting Machine Tools (ENIMS),

Moscow, and = laree numher of machine tool institutes at

various universities in Moscow, Leningrad, Kiev and Yerevan
are actively engaged in research on various aspects

of machine tool technology. Some of the important
research work in machine toolsin the Soviet Union is
in the area of precision machine tools. Extens-

ive research and development work is being done in the
static rigidity, dynamic stability and thermal
stability of machine tools and their effects on
working accuracies; and standards have been evolved

in this regard. Instruments for measuring accuracy

of spindle rotation over the whole range of working
speeds have been developed and put into practical

usee

Means of calibrating standards of length have
been developed. Linear ruling machines, permitt-
ing a line reproduction accuracy of 0.3 micron and
a ruling error of 1 micron over 1,000 mm are being
produced. Line standards are calibrated with the

aild of a comparator with a maximum measuring error of

under 0,2 micron,




A laser interferometer has heen
reproducing the standard of lengthe. A very high
order of measuring accuracy has been achieved by
splitting the laser beam into two half beams, one
of which is used to compensate for thermal distor-
tion errors. Measurements are made possitie with
an accuracy of 0,02 micron, The laser interfero-
meters are used in the manufacture of ultra-high
precision measuring systems, line-standards

celibration instruments and feedback transducers

for high accuracy, closed-loop NC systems.

Research work is ©being conducted in the design and
construction of basic machine tools. Among others,
high precision machines for the generation of
master helical bevel gears of ENIMS' own kinematic
system,a machine for gear hobbing with direct motor
drives for hob and the gear blank (without gear

drives). are some of the examples.

One of the major areas of research and deve-
lopment undertaken at ENIMS in close collabo-
ration with the industry is the automation of production
processes, employing NC machine tools and industr-

ial robots that constitute elements of complete

automatic manufacturing systems.
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New wide-range transistorised generators for
Electron Discharge Machining (EDM) have been
developed which have improved the machining accu-
racy by oneto two classes; increased the productivity .
by two to three times and resulted in a reduction
of electrode consumption by a factor of 10 to 15.
EDM machines with table sizes up to 16,000 sq cm

for processing large forgings and draw-
ing dies have been developed. New methods of EDM
with oscillatory rotary copving motion for the
manufacture of large size moulds and dies and a
method combining ultrasonic and Electrochemical
Machining (ECM) for the machining of carbide her -

jng dies and drawing dies have been developed.

Laser beam machines for processing diamond
dies have been developed and produced. Research
work is in progress for the application of laser

beam machining for turning of hard-to-work metals.

Computer control is applied for production
planning, scheduling, workpiece transport and
location, machining, inspection, quality control, .

machine tool supervision, faultfinding, partial

resetting and so on.
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The Soviet Union is now engaged in designing new

equirment to speed up “the broduction of automatic
maéhines using minicomputers. The emphasis on

the production of NC and CNC machines is evident

from the fact that the Soviet Union is a leading producer
of NC machine tools as shown in Table 6,

in which the production of the Soviet Union _is compa-
red with the NC machine tool production of other

developed countries.

The research emphasis is to considerably
increase the output of special tools and automa-
ted lines and also to increase the use of modular
design of automated lines. The Soviet Union is currently
engaged in the large-scale production of automated
manipulators controlled by computers, The deve-
lopment of these robots obviously reflects the country's
interest in establishing an impressive lead in space

and nuclear research.

The Soviet Union is also developing superhard mater-

ials and alloys, in addition to natural and synthe-

tic diamond tools for NC machines.




(For selected countries only)

Source: NMTBA Handbook 1978-79. American Machinist,February 1980
Metal working engineering and marketing.September 1979.

Tahle A, Numerically controlled machine tools - world production - 1977
B counwry |Mclashises | g VAl | ALUDN) | o NHon | AL/ | AL N/C,
1.] U.S.A. 4221 491 273,819 2350 1.55 21
2.| Japan 5436 300 147,731 1564 3.82 20
3| 3epuviic of 1885 256,911 2619 0,74 --
Fermany ’ .
4,| U.S.S.R. 6300 2300 - -
5.| France 576% 80 64,320 580 0.90 14
6.| Italy 710" 850 - -
7. U.K, 607% L7 65,552 701 0.93 7
* The figures correspond to 1976.
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THE MACHINE TOOL INDUSTRY IN JAPARN

Even thoueh dJ3pan has been making machine tools
for the last 100 years, it was neither a major pro-
ducer nor a trend-setter till about the early 1960s.
Massive Government assistance and dedicated R & D
efforts, started after 1957, produced startling re-
sults by elevating Japan in 1972 to the fourth place
in the worldramnking of machine-tool-producing nations,
surpassing leading nations like France, Italy and the

United Kingdom,

Japan's machine tool industry presently is enjoying a
complete recovery from the severe set-back it suff-
ered in the 1973 o0il crisis, with a salient increase
scored in the new orders received durina 1978. This
recovery reflects the successful efforts of the industry
to meet the needs of machine tool users that+ push
modernisation and efficiency as the yen rapidly appre-

ciates on international currency markets.

The production of NC machine tool received pos-
itive support from the Japanese Government and national
research laboratoriecs as early as 1958. The generous

financial sunport (rom the Governmcnt and the dedicated
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efforts of the manufacturers and R&D institutions
produced impressiVe results. This factor, together
with constant improvements in the product quality,
earned for Japan the reputation of being a supplier of
quality machine tools and also helped to erase

from the minds of many the impression of Japan as

a supplier of cheap products which were poor imi-
tations of those made in the Western world, The Japa-
nese machine tool industry has actively developed
Numerically Controlled (NC) machine tools. This
effort has not only met existing depand, but helped
to create new demand from user industries. Even
abroad, reasonably priced NC machine tools built

in Japan have drawn increasing attention from user
industries. Japanese NC machine tool builders are

steadily strengthening their positions in machine

tool markets both in Europe and the United States.

The technical level of the Japanese machin-
tool industry continues to rise too, with its curr-
ent efforts to develop and buiid high precision
machine tools for use by aerospace manufacturerse

This cnallenge is stimuiating some innovative

development in the Japanese machine tool industry.
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Production. Japan's machine tool industry's
cutput was ¥ 45,169 million in 1960 and it touc-
hed a value of ¥ 100,892 million in 1962. From
then onwards the industry's production rose ex-

cept in the years between 1964 and 1966. But

production soon picked up and established impressive
gains up to 1970 during which year Japan

produced ¥ 312,349 million worth of machine tools.

Japan's booming economy got the first jolt

in 1971 when the dollar crisis hit the industrdi-

- r———

alised nations of the world. 1In 1971 machine
tool production witnessed a 15.4 per cent decline
over the values of 1970, and the production further
receded by 22.4 ' per cent in 1972. Even though ttLe
production picked up in 1973 and 1974, there was
another slump caused by the repercussions of the
0il crisis in 1973, The production level stagna-
ted in 1975 and 1976 and started rising in 1977.
Since then, Japan has been establishing produc-
tion records to dethrone several industrialised
nations like Frénce. Italy and the United Kinedom in

the world ranking of nations producing machine tools. {

Japan's output of machine tools touched a

value of ¥ 312,844 million in 1977. If the
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trends of production in 1977 are examined more
closely on a type-to-type basis, the most out-
standing feature jg the big increase in the
manufacture of special purpose machine;. They
totalled 3609 units worth ¥ 54,768 million and
constituted 17,5 per cent of the total value of
production of the Japanese machine tool indus-
try. The second highest share of production
was held by NC machines which accounted for

25.7 per cent of production by value. Japan pro-
duced a total of 5436 NC machines in 1977 valued
at ¥ 80,548 million., The NC machines thus ous-
ted the general purpose lathes which previously

accounted for the highest value of production.

The production increased in 1978 by 17 per
cent over that of 1977. The most noticeable
fact of production in 1978 is that the output
of NC machines further increased to touch a value
of ¥ 108,476 and accounted for 35.8 per cent of
the total production., This was 25.7 per cent more
than in 1977. The production of NC lathes repre-
sented 4986 machines valued at ¥ 57,862. FPurther-
more, Japan's 1978 domestic demand considerably

exceeded export demand. This demand reflects a

i
|
l
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major trend. Various equipment manufacturers

in Japan, operating under subcontracts £ om
producers of export commodities,é made strenuous
attempts to cut costs. They installed newer and
more efficient tools, particularly NC mac .e
tools, as a key step. Orders placed for NC
machine tools in 1978 rose by 32,9 per cent to
109.1 billion ¥en and accounted for 36 per cent
of the total value of the orders placed with machine tool
makers in Japan. By replacing older equipment
with new equipment, manufacturers continue to raise
their efficiency and productivity. Thus they
hope to offset unavoidable cost increases such

as energy and labour. In turn, machine tool
builders have stepped up development of newer and
more efficient tools, NC tools with labour-
saving features are being given special atten-
tion. Accdrding to the Japan Machine Tool
Builders' Association (JMTBA), the production in
1979 was worth 436,361 million yen of which NC
machine tools constituted 43,2 per cent valued at
188,631 miliion yen. The American Machinist
reported the 1979 production at $ 2697.8 million.
This represents a further increase of 9 per cent

over the production of 1978, The production and




_ 66 -

trade from 1975 to 1979 ar= shown in Table T.

Table 7. THE MACHINE TOOL INDUSTRY IN JAPAN:
PRODUCTION, CONSUMPTION ANI TRADE

(value: in US $ million)

----- WP------TP---—--- po o ———— - e - -
T R A D E
Year |Produ- | Consum-| Export |[Percen- |ImportpPercentsge
ction | ption tage to Lo production

produc-
--------------------- ..-..---_-.r.._tiop_-_..------ g

1975 1060 .4 824,.6 359.1 33.86 123.3 14,95

1976 11126,9 203,98 398,38 35,29 7547 B8.42
1977 115602.82 | 1074,2 616 ,4 38,46 87 .8 8,17
19783 12350,3 { 1452.,7 {1017,.5 43,29 119.9 8625
1979 [2697.,8 | 1739.2 11112.3 11,25 15%,2 8,92
............. IS N NN SIS SN

Source: American Machinist.

Exports and Imports. In recent ycoars the Japanese

cxports ~f mechine tools have made impressive gains.

When Japar. was profiting from the high growth rates

of its flourishing economy and “he domestic demand

was high, exports constituted onlv a small share

of its to:zal produétion. In 1969, the Japanese exnorts
accounted for ¥ 21,742 miliion or 9.1 per cent of

tetal production. The Japanese exports jumped in 1971 to

lo.4 per cent over 1979 to reach a value of ¥ 28,044

million.




in exports by registering an export growth of 28.6
per cent over 1972, valued at ¥ 35,237

million. Exports further swelled to ¥ 57,564
million in 1974 and ¥ 61,611 million in 1975.

This heady success in exports was maintained in
1976 (¥ 76,073 million) and in 1977 (¥ 115,493
million) . 1In fact, in the year 1977, the Java-
nese exports soared by 51.8 per cent over 1976 and
accounted for 38.46 per per cent of total product-
ion. In 1978 the Japanese exports of machine
tools again rose by another 40 per cent over 1977

and were valued at ¥ 162,181 million.

An outstanding element in the export success
is the NC equipment, NC machine tools exported
in 1977 and onwards accounted for about 31 per cent
of the total exports. With the active entry into NC
fields by almost all the dev~loped machine-tool-
producing countries, competition among NC machine
tool builders has been intensified consistently.
Under these circumstances, price reduction is ano-
ther important cbjective for Japanese builders of
NC machine tools and other manufacturing eqquipment,
Prices of NC machines are also much lower than a

few years ago. Since the Machining Centre was put on




a price uwnder 20 million ven in 1978,
a number of Japanese machine tool builders have be-
qgun marketing their Machining Centres at prices well y

below 20 million ven.

One important feature in this price trend is
that prices of Numerical Controls have substanti-
ally declined in Japan and, to some extent, in other
countries as well, When NC machine tools made their
apoearance, the controls accounted for roughly 50
per cent of the price of machine tools, Now they
account for only one third and the trend is conti-

nuously decreasing prices for controls.

About a decade ago, almost half of Japan's
exports of machine tools went to the United States. However,
in recent years the unprecedented economic growth
in the Far East has changed the pattern of over-
seas customers although the United States remains the largest
market for Jananese machine tools. The Republic of Korea
and other countries in the Far East accounted
for 26.4 per cent of Japanese exports valued at
Y 42,826 million in 1978. The second biggest cus-

tomer in the same year was the United States. The Eest

European countries accounted for 15.9 per cent and Western

Europe for 12.6 per cent of exports in 1978, As the

demand for NC machine tools is mainly created in
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countries operating well-developed metalworking

industries, Japanese builders give specia® atten-

tion to markets in the United States and the EEC countries.

The Japanese exports rose to 14 per cent in
1979 to reach a value of § 113.8 million viz.,
over 40 per cent ©0f the country's total product-
ion of machine tools, according to the American

Machinist.

The imports accounted for a large share of the
machine tools used by Japanese industry in
the early post-war years. The imports accounted for
57.7 per cent of the domestic consumption of
machine tools in 1955 ard feil to 45.1 ner cent in
1957, However, in tune with the progress ackieved
by Japanese technoloqy, the share of imported mach-

ine tools gradually decreased over the years.

In 1966 Japan witnessed the first trans-
formation when imports fell below exports plus dom-
estic consumption of indigenously-made machine
tools. The dependence on imports was drastically
reduced by 1976 when Japanese imports of machine
tools were barely 9.5 per cent of the total consum-

ption. 1In value the imports accounted for $ 75.7
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million, The imports dwindled again in 1977 t> reach

3.17 per cent of the consumption valued at

$ 87.8 million. More t-an 90 per cent of the dom-

estic demand has been met by domestic production.

According to American Machinist, the estimated

imports of machine tools during 1972 would have

reacned hardly 9 per cent of the total consumption

of the country during the year. Principal suppl-

iers of machine tools to Japan are the United States and the

Fedecral Republic of Germanye

Technological Developments. The technologi-

cal level of Japanese machine tools in the 1960s was
judged to he at least 10 yeers bchind that of the Federal

kepublic of Germany, the United Kingdom and the

United States. But the Japanese
have very quickly bridged this gap by rapidly ass-

imil~ting the modern technology designs of machine
tools of almost all categories from simple lathes

to sophi-ticated NC machining centres. The very

fact that Japanese dependence on imports slid from 57
per cent of the total consumption in 1955 to

barely 9.5 per cent in 197€& reveals the fact that
Japan not only absorbed the tcchnology from other
countries but also accounted for impressive inno-

vations coming from its own R&D institutions. It is

an accepted fact that Japan has established a big
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lead over other countries in electronics and

machinery manufacture.

Japan's technoloaical strength in the field
of machine tools becomes evident from the fact that
NC machines accounted for 30 per cent of the total
production in 1979. The Japanese have made impres-
sive progress: not only in the manufacture of
advanced machine tools but also in introducing many

innovations in the realm of production engineering.

Japan is the first country to evolve unmanned opera
tions into working reality. This has been possible
because of the outstanding work done by the Japanese

in industrial robots which are equipped with very

high levels o judgement faculty. Japan is leading

the industrialised world in the use of rgbots. It

is estimated that 10,000 robots are in use in Janan

as against 3000 in the vUnited States and 850 in the Federal
Republic of Germany, all three top leaders in robotic techno-

logy.
Everv maijor Japanese machine tool builder

emphasises in development and marketing efforts
the Machining Centre (MC). The Ministry of Inter-
national Trade and Industry (MITI) indicated

that the production of machining centres totallec
1,377 units valued at 31,6 million yen in 1978.
These figqures represented a rise of 48,7 per cent
over the previous year in volume and 36 per cent

in value, both all-time highs.
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Behind this activé production of machining
centres is a market-user trend. .Japanese machin-
ery manufacturers are mow tarning out a wider
variety of types and models of equipment but
small batch quantities of output for each indivi-
dual type and model. Even in automobile manufac-
turing, which is noted for mass production, there
is a movement towards producing a broader variety
of cars to satisfy d wersified consumer needse.

NC machining centres appropriately £ill this need.
They are designed to meet various machining needs
even in small quantities. Besides, unmanned oper-
ation 1s facilitated by most of the machining
centre models, wvhich results in substantially less
dependence on hard-to-obtain skilled help. This
is the development that the Japanese machine tool
industry has pioneered successfully to its great
advantage not only in the domestic market but in

the export markets of the world.
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THE MACHINE TOOL INDUSTRY IN IWALY

The Italian machine tool industry Wwas born
at the beginning of the century and developed dur-
ing the years between the two Wars, until in
1938, it was producing 28,000 tons of machines. Al-
though activity was resumed immediately after the Second
World War, the return to pre-war production le-

vels did not come up until about 1957,

At the end of the 1950s, the industry staged
its first big comeback, which was linked with the
development of the automokile and electrical dom-
estic avopliance industries. Thus, between 1958 and
1963, production was cquadrupled, rising from 32,000
to 140,000 tons - in monetary -terms - te 180
kbillion lire - and while firms already operating
in the sector were restructuring their production
in accordance with the new technological require-
ments, meny others launched newly into the production

of machine tools,

After the crisis suffered by the whole Ital-
ian economy between 1964 and 1966, the year 1967

marked a second period of strong development for the
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Italian machine tool industry - again associa-
ted with a marked recovery in investments in
durable consumer goods. During this period,
stimulated by the sharp rise in the cost of
labour, there waé a growing tendency on the
part of many Italian fimms to produce more soph-
isticated, automated and numerically controlled
machincry. This expansion reached its peak in
1974, with a record bLilling of 500 billion lire

for 185,000 tons of machinery.

According to a survey conducted by UCIMU,
there were on 31 December 1975, 541,000 machine
tools installed in Italy in mechanical eng-
ineering firms amploying at least 20 persons. The
total number of machines for the industry as a whole

was 900,000.

Eighty per cent of the machines installed are
Italian-made - a figure that has tended to rise
in recent years, ecspecially as regards more

sophisticated machines.

Num>rically controlled machines installed in
Italy number about 3400, which represents 0,7 per

cent of the country's metalcutting machines and
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higher proportion than that recorded in France

Oor in the Federal Republic of Germany.

The Italian machine tool industry haz shovmn
2 steadv growth from 1970 onwardse. From
1970 to 1975, it gererated an employment growth of
11 per cent while in all other branches of the
Italian industry, there was in fact a reduction
of personnel ty 1 per cent. Among the mechanical
industries in Italy, *the machine tool industry
har been most active followed by the electrical meach-
ine industry. The manufacturing incduztries in
I+alvy have incstalled more new machine tools in

the 1last 10 years than France or the United Kingdom.

The success of the Italian machine tool inde-
ustry depends on the traditional structure of
Italian companies. Firms with less tharn 500 em-
ployees account for 70 per cent of the production.
These firms have increased their investments and
are planning to neet the hicher demands of the

home cond e:port markets.

Since United Kingdom and United States studies indicate

a re:zctivisation of the boom for machine tools in

1979 ané 1980, there is every likelihood of world
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investments on plant anrd machinery reaching over
20 billion dollars as against 15 billion dollars
in 1977. The Italian machine tool industry hopes

to get a share of this bulk investment,

The Italian machine tool industry has adop-
ted a novel method of capturing new markets by establishiwng
training and trading centres in third world
countries. A national agency called the Italian

M3 T has been set up in Rome, The name M3 T denotes

the Italian machine tools, training and trading
establishment which combines training and trading
fuactions. The basis for establishing this aéency
was a report prepared by the Data Bank of Italy which
is responsible for analysis and documentation. In
the report, the number and types of machines which
were most iikely to find a market in Latin America
were worked out as well as the training facilities to
popularize Italian machine tools. Since a person
instinctively prefers the make of the machine on which
he or she has been trained, the Italian machine tool
industry pioneered the establishment of M3 T to attract

new customers by establishing a training institute in Rio de
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Janeiro at a cost of $ 4 million. The agre._ment
was concluded with the Brazilian National Authority
for Industrial Training (SENAI) for the delivery

c¢f programmable machines, NC machines and planning
aids as well as for the training of Brazilian
personnel in Italy and for deputing Italian instru-
ctors to Brazil. The financing for this project

is provided by the financing wing of che Finanzaria
Construttori Italiani Macchine Utensili (Italian
Machine Tool Manufacturers Association). The
training centre at Rio de Janeiro will demonstrate
its capability in such a manner as to provide the
most comprehensive training by using the best suited
Italian equipment, This centre may prove to be a

forerunner of manv such centres in Latin Am~rica.

Another way in which Italy is trving to incre-
ase the sale of its machine tools 1is through the
auspices of the Federazione Nazionale fra i consorti per
1'Esportazione (Federexport), a national organization set

up vy the Italian Ministry of Industries, in which several
thousand amall nbmpnnips.anﬂ the TItelian WorlA ‘frade-Centre
are members,

Manufacturing in Italy is heavily concentrated

i1 the northern trianqgle of cities formed by Genoa,
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Turir and kilan. Milan is the centre of
Ttalian Industrye. In 1978, Ttalian machine tool
builders movad up to fifth place among the ex-
porting nations of the world (in dollar value of
shipments) . While export orders for their machine
tools drovoed in the first cuarter of 1979 as against
the last ruarter of 1973, order 1levels were
unusually heavy for tChat prior quarter and as a
result tho drop has had very little effect on
machine tools producers in Italy who are running
their factories to full capacity to m-et the back-

log of orders for their machine tools.,

Production. The production of Italian machine
tools touched a value of lire 900 billion in 1978 and
148,000 tons of machine tools according to the

American Machinist. The total turnover in 1978

touched § 1060.0 million. The Italian Machine Tool
Manufacturers Association has renorted *hat in 1978

the turnover per employee in the machine tool sector

was lire 24.3 million., The Jdomestic demand remained
constant in 1978 and there are uncertainties regard-

ing fresh investments by the Italian industry because of
the 15 per cent inflation plaguing the country. Even though

investment plans envisane fresh investments of the
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order of lire 2,000 biilion, UCIMU is sceptical of
whether or not they will materialise., However,
industrial circles expressed the hope that
the much postponed inducstrial investmert plans would
come throuch in 1930, This should brighten
the prospects for the Italian machine tool ind-
USTIrYe. Repnrtedly,
the Third EMO held in Milan in 1070 generated busi-
ness worth § 800 millionaf -hich cuite a big

chunk might go to Italy.

The development of trade in machine tools

has been helped by the establishmont of a few
speciailised institutions. The Institute for
External Trade (ICE) of Italy has been vlaying a
major role. The Inctitute has been responsible for

creating an awareness of the competition and
the necessarv dynamism to increase foreiqn
trade by encouraging private ir.itiative and pro-

viding support of financial institutions,

In Italvy, the home demand decrensed by 100 Pper
cent {§n 1978 but improved in 1979 because
there was a 48 per cent increase in the firct four
months of 1979. The produetion, consumption and

trade from 1975 to 1979 are shown in Table 8.
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Table 8. THE MACHINE TOOL INDUSTRY IN ITALY:
PRODUCTION, CONSUMPTION AND TRADE

(value: In US $ million)

-—n e onaf on - -

T R A D E

-------------- ﬂ——— .
Year | Produ~ | Consum- Exportbercen- Importfercen-
ction ption tage to age to
broduc- roduc-
..... ———— _ddon tion __

1975 873.1 65304 431.3 49,39 |211,7 32,40
1976 750.9 541.8 36543 48,65 |156,2 28.83
1977 878,3 629,.4 436 ,5 49,70 [187.7 29.82
1978 | 1060.5 658,.7 596,.2 56.22 |194.4 29,51

19791 1385,7 951,9 698,9 50,44 |265.1 27.85

- - e ——— - - -

Source: American Machinist.

Inflation has been running continuously at 15 per
cent whicn may have been responsible for the ad-

vance purchase of machine tools by the home market.

In the year 1975, the Italian Macbline Tool
Manufacturers Association conducted a detailed sur-
vey regarding the age of machine tools instalied in
Italian manufacturing industries. According to this
survey, thne average age of Italian machine tools in
operation in Italy is 12,8 years which is higher than
hat only of Japan. This clearly indicates that the

industry has been successful in selling a considerable
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portion of its produr ~ion at home despite the ad-

verse conditions of fresh investments,

A major worry of the Italian machine tool in-

dustry is the labour problem.

Relentless demands by the labour
force have not on:ly increased the wages put corres-
pondingly the weekly working hours have been re-

duced to 36 or 38 hours,

Exports and Imports. In 1977, Italian ex-
ports stood at § 436.5 million. There was a sube

stantial increase in Italian exports in 1978 valued
at § 596,2 million; Ttalian exports were estima-

ted by the American Machinist at $698.9 million

in 1979, which again points to the fact that Italy
is entering the big ieague of exporters of machine
tools, The continuous good export performance of
Italy can be attributed to the organisational sup-

port provided by Federexport.

Italy has had a steady positive trade balance
in respect of machine tools in the last ten years.
In 1977 Italy imported machine tools worth $187,7

million and imperts in 1978 stood at § 194,4




million., The estimated import Tirure “or 1979

was § 265,1 million according to the Amecrican
Machinist. The main countries from which Italy
imnorts machine tools arce the Federal Republic of

Germany, Switzerland and Japan,

In zan agreement sigred betw~en Federexport
and the Italian VWorld Trade Centre, it was decided
to support the Italian foreign trade bhoth struc-
turally and cualitativelv. The Italian World
Trade Centrec nrovides these companies with a larqge
nvomoer of services, It qives national and inter-
national information servicesas well as help
ith financizl support to improve their szles,
This agreement helps small unitc which forego sales
chances because of not recovering the full sale
amount from the customer., This rigk is particularly
gr:at in instalment plans. This problem has becn
considerally solved by offering these companies
better insurance cover than that of "ercd by com-
mercial banks and insurance companies. The finan-
cial wing of the Italian Machine Tool Manufacturers
Association(FINCIMA) is a cignatory to such an

agrecment with Federexport.




Technoloqgiccl Strenath. MNC entered in a

big way the Italian machine tool production in

the 1970s. The growth of KC wars also mozt dvna-

mic becausc of the flaribility of CilC controls &nd min-

iaturization of their commonents. The micro-

Hrocessors have added a further capability.

In the field of development, Italy hac come

forward with a number of praisewortay productse.
In the modern DIC transfer lines, the indivicdual
NC machines are onlv links in a major gystem con-
trclled by a central computer., Thece transfer
lines are now emplo-ed in Italy for the rroduction
nf verious types of housings of hcavieduly venicles,
tractors, and agricultural machinerv, ©Cn this
flexible production system, &e€arbox housings

and components of acricultural machinery are pro-

duced., This has revolutionised the concept of transfer

lines. The other impressive machining systems
are the Robogate and Polar 6000 automatic weld-

ing systems and L.A.M., an asynchronous assembly line

for various types of motors.

Iin the field of controls, the Italian manufac-
turer, Olivet=i, hos come out with Vector 80 CNC, a special

feature of which is the two-~level machine-~




operator dialogue set-up. During machinino, com-
munication of data cakes pliace on a simplified
level and advanced language is used only for
programme cditing. Fidia, Turin,have come out
with a control unit that allows the machine tool

to be employed as a motor driven measuring machine,

In the realm of three-dimensional cc-ordinate
messuring instruments, ncw designs and models have
been brought out which are numerically controlled.
"These three-dimensional automatic measuring units
function at high speed and accuracy. They are
flexible and simple to nrogramme and are meant
for measuring mechanical construction élements. A
system has been patented in which the motion along
the axis is provided by a magnetic attachment.

The stopnage ‘n the measuring po§ition is done
pnoumatically with the intention of improving the

rigidity.

The Inspector line of co-ordinate measuring
machines for Olivetti features SCAI (Software
for Automatic Control by Tridimensional Inspector)
programming language. The inspection cycle orf a
component can be programmed [rom an engineering

drawing. Additionally, a complete incpection
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certificate can be printed out during and/or

sfter inspection procedures; a display helps

the worker learn  inspection operations and

the unit has the capabilit to statistically

process inspection parameters as well as calculating and
displaying the relative averages and mean-

squarz deviationse

The Pragama assembling system, developed by
Digital Electronic Automation Co., is a flexible pro-
grammable controller with 12 controllable axes which can

be extended to 2L. The positioning accuracy is + 0.1 mm

in all straight moved axes.

The fact that Italy has rctained rifth
place in the world ranking when traditional
producers of machine tools like ' France, Switzerland and
the United Kingdom have been relegated to lower levels
is indicative of the technological strength of

the Italian machine tool industry.




THE MACHINE TOOL INDU._TRY IN ''HE UNITED KINGDOM

The machine tool industry of the United Kingdom, after
the vost-war bhoom, started on a downhill course
bccause of inflation and reduced investments
in the engineering industrics of the country. The
industry's order books could keep the factories
going for hardly six months in 1976, for seven
months in 1977 and has hardly improved
since. Consequently, there was large-scale re-
trenchment of labour and sev:aral companies went
out of lhusiness.
The inducstrv is survive
ing because of export husiness. The United Kingdom is
among the ter leading nations of the world
in the cutput of machinc tools but it may slide
down if the pound continues to be strong, and the domestic
recession and the hectic compe tition in tne

world markets continue 3z- well.

The United Kingdom is now trying out a qualitative
change in its production instecd of relying on a
quantitative expansion of production. Scme of the

country's oxperts feel that if thiz is not done,

then the élite workeforce in the machine tool
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industry may migratc to other sectors which
would be certainlv harmful to the economy be-
cavse of the impo.-tarce of the machine tool
inductry. The total number of emplovees
fell from 70,500 in 1971 to just around
50,000 ir 1979. The biaqest proilem in the country's
manufacturing industry is the lack of ability
to compete with overseas competitors.
This applies both externally and also, unfortunately,

internally.

Production. The United Kinedom produced tools worth
$ 584,3 million in 1974, § 728.3 million in
1975 and the production fell to $ 645.5 million
in 1976 when recescion hit the country's
machine tool industry. The production further
fell to § 587.9 million in 1977 and again im-

preved in 1978 to reach a value of § 821.4

million. The Amcrican Machinist ostimated

the nroduction of 1979 at $1106.4 million, re-
precenting an increase of 21 per cent over 1978.

The increase in production is attriitted to
incr-ased home demand 'which rose by 38 per ceut. The
production, crnsumption and trade oi machine

tools from 1275 to 1979 are showr i Table 9.
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Table 9. THE MACHINE TOOL INDUSTRY IN
THE UNITED KINGDOM: PRODUCTION,
CONSUMPTION AND TRADE

Value: in U.S. §$ millions

———— - - — - - o - - — -

Year |Produ-| Consum- | Exportspercen- Impo:usEercentage
o]

ction tion ta
e P ge to production
produc-
———— e Y 4Y . e S =

1975 728.3] 618.5 363.0 | 49.84 253.3 40.95
1976 645,5 58365 319.2 | 49.45 257.2 44,08
1977 587.9 525.8 300.4 |51.10 238,3 45.32
1978 831.4| 794.6 426.0 | 51.86 399,.2 504,24

1979 [1106.4 | 1212,.8 468,1 | 42,31 574.5 47,37

Source: American Machinist,

Exports and Imports. United Kingdom exports of much-

ine tools !n 1975 were worth $363 mill.on and in
1976 the exports fell to $ 319.2 million and were
further reduced to $ 300 million in 1977, Exports
started picking up to reach a value of $ 462.C mill-
ion during 1978 and exports for 1979 were estimated

at around $L468 million.

The United Kingdom imported machine tocls worth $253.3
million in 1975 and the import value of machine
tools remained around this level up to 1977. The

import of machine tools went up to $ 399.2 million




- 89 -

in 1978 and the estimated value of imports in

1979 mavy even have ieen higher, at $574.5 million.
The major sources of imports are the Federal

Republic of Germany, Italy, Japan and the United States.

It can be noticed from Table 9

that the country's machine tool imports as a percentage
of domestic consumption is steadily increasing
when compared to the Federal Revbublic of Germany, Japan

and the Ur“ted States.

Technological Strength. The =~ conntry's mach-

ine tool industry has alwavs shown a flair for
innovations. The United Kincdom wag the firat country to
estzklish a lead over others in NC machine tools

because it was one of the firast countries to in-

corporate NC technolony into machine tools.

United Kingdom CNC machines have established

a good reputation. The United KingAom is perhans the first
country to incorporate the advances of space

sci~nce into its machine tool controls. The Ne-

wall Machine Tool Compbany has incorpo-

rated Actrionmicroprocessing as the brain behind

its numerical control system. The Actrion was
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dcvelopnd v McDonaid Doules 07 the United States
land man on the ioo%n. The British are the first

to use a modified vorsion ol the Actriorn ir

e osy-otanes fithed on o verticsl seindle vochine

in? coniire., The Actrion ic ande up of rreral
micronrocassors and noncessec muich hiich oo diac-
nos=ic rharacieristics than tha o.:~7 kitown CNC
svsteng,  The country’s industry is actively en-
g3..926 ir develoning the hord- and softwnre {or
oroqgrarcmable controllers ond sorhicticated induc-~

+trisl rohots,.




THE MACHINE TOOL INDUSTRY IN FRANCE

The French machine tool industry charted A
Gu.iindling cource of nroduction up to 1977 because
of nrogr~szively d crrasing investmonrts in mach-
ine tools by the Fronch metalworking industriese.
The sct that the French machine tool inductrv has
not suffered a rerious set-=hack should be
attributed to the fact that the exports sustzined
th2 inductry by virtie of bhich technoloavy machine
tonlce Even in 1979, -h~ metalworking inductry
of France did not rrovide hopeful indicators of

hizher investments,.

The French machine tool industry is compoced
of small and medium-sized establishments. Conse-
quently, even their competitiveness has been limi-
ted because they connot muster the resources nece-—
ssary to pierce the exrort market in a big way or
to rejuvenate the home market by o<fering the
customers the facility of pnayment by easy instal-

ments,

The French industry is now striving very

hard to consolidate its pozition in the home and
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export markets by virtue of its nigh tech-

nology products.

Production. The French machine tool industry
produced FFr 3263 million worth of machine tocls in

1978 and an estimated FFr 3900 million in 1979.

The home consumption of machine tools in France
witnessed a slight improvement in 1979 though it
was 50 per cent less than in 1971, when it stood et
130,000 tons. A quick improvement cannot be expect-
ed because the production in 1979 was aot expected to
increase py more than 12 per cent over 1978. The deci-
sion to increase thc competitive edge of the French
machine tool industry is hampered by a variety of
factors. In fact, France had to accept the sad
truth that the majority of machine tools installed
in the country's industrial establishrients are
comparatively old machines. It has been reported
by the French Machine Tool Manufacturers Association
(SCFMO) that in 1979 only about 32 per cent of the
installed machine tools werc less than 10 yvears old,
while itwas 37 per cent in the Federal Republic of
Germany, 39 per cent in thz United Kingdom and as much

as 60 per cent in Japan. The




more disconcerting fact of

industry is that wl.ile
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the French machine tool

home consumpt:ion is

creeping at a slow pace, the nations competing with

France are progressively installing

to sharpen their competitive.

ket.

tics from 1975 to 1979 are

The pro

duction,

newver

machines

edge in the world mar-

consumption and trade statis-

shown in . Table 10.

Table 10. THE MACHINE TOOL INDUSTRY IN
FRANCE: PRODUCTION, CONSUMPTION
AND TRADE
_________________________ Value: in U.S. 3 millions _____
T R A D E
Year |Produ- | Consum- Exoor£¥ercen--1mport Fercedtuge
ction ption Lage to to production
broduc-
______ e ptlon b
1975 (678,6 695,5 31i9,4 47.06 | 336.2 48,34
1976 |657,.2 732.7 272,2 41.42 | 347.7 47 .45
1977 |590,6 607 .5 269,13 45,60 | 286,2 47,11
1978 }723.0 53042 382.7 52,93 | 289.6 45,95
1279 |918.,1 790,7 479 .8 52.26 | 352.4 45,57
_____ do
S~irre: American Machinist.

Exports and Imports.

The FPrench exports of mach-

ine tools in 1978 increased by 31 pePr cent in value




and 32 p-r-cent in weight over 1977. More then

%0 p - cent of the 72,000 tons of machine tools :
progucec in Franta were eror:i~d. Durin~ the
same »oriod, the French importr- Aecrrased 7 prer
cent in vislue (at 1979 vclue F.Tr) and 13 per cent
in weitte. The % oné in eiports and imports over

the yc-rs 1876 =0 1973 is siv-n in Figure VI.

The cxport succecs was not linited to a par-
ticulsr -eqion ~nd ~-orraphically it shored a
good diztribution. The principel forciqn cucto-
mers of French machine tools in order of priority
are: Romania, the Federal Republic of Germany, the
Goviet Union, Italy and Algeria. how efforts are

iu progress to penetrate more effectively markets

in China, Mexico and Latin America.

French exports to the European Common Market

‘countries improved considerably because of increacsed

sales to the Federal Republic of Germany. Belgium, the )
Netherlands and the United Kingdom.
By way of comparison, Itely in-

creased its zales o France. Amonc tnhe otncr
countrics, it is important to und-rline the pene-
tration of French machinc tools into Spain which

is France's ninth customer in order of priority.




Figure VI, The evolution o”

exports and imports

in France
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Exports to the United Stat:s also registered an imp-
ressive growth and made the United States the seventh

top customer of French machine tools. The
French machine tocl induztry is also intensifying
the efforts to sell its products to the Republic of Korea,
Argentina and East European countries, Switzer-
land sells more machine tools than it imports

from France.

It has been pointed out in the American Machinist

that the industry is presently concerned with
three major prerecuisites to growth viz., invest-
ments, innovation anag erports. Further, it i1s noted
that exvortation can last only if it is
based upon a strong domestic market.
Results from the first few months of

1979 seem to indicate that French indus-
try has begun increasing machine tool orders.
Production in 1978 was up by 12 per cent and France
recorded its first trade surplus in machine tools,
$ 100 million, & position it maintained in

1979 as well. *

France has been importing high :echr.ology
and high production machine tools mainly from

the Federal Republic of Germany and the United Stetes.

High precision machines
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are bein¢ imported mainly from Switzerland.
The country's mectalworking industry has been
importing machine tools at the rate of 45 to 50 per
cent of its total consumption all through the

last decades

Technolcgical Strength.The French machine

tool industry demonstrctes hiah technological
strength. The refinements on general purpose
macnine tools are identical to those scen on
machines offered by France's competitors and
France has not lited hehind in the £ield of NC

and CNC controlse.

The American Machinist has noted that

the research and dcvelopm-nt activitiez caorried
out by the French private and rmational institu-
tions are of such high calibre that they compare
well with the jest achieved elsewhere. The

French machine tool iinidustrv has not laaced be-
hind in Jdeveloping the latest generation of
machinina centres which are now manufactured'in
answer to the reauirements of the prestig:ious
aerdspace industry in France. The major machine
tool companies like Ernault-Somua, S.A.G.E.M. and’

Cazeneuve have been exporting advanced machine
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tools to zeovoral other couniries in asldition
to the leadina aircroft manufacturar:: like
Sudaviation and Dassault, In 1979, there were

5200 NC machine
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metalworking industry of which s mzny oo 1700

were CIIC miachines. Renault i: tuail Ming o variety

-

of induscrial rokots and spacial nallet loacderc
to acsure a high deoore~ of putomation, The

latest in this recard are those of Renault for
vainting and for wrelding. Renault has des-
imed -rd built rohots for opnlvina lacraer,
zine paint, primer & d mastic ard Zor encmell-
ing and metallizing. & soventhoptional exis
nrovides access to ork areas incide auto-
bodies. Rame of Fronce hhve come ont with a
rmacnine in which parts c¢an  bn held in a cont-
ral hendstock for simult-neously macninina both
sides. Blenks ~r~ -utomaticallv loaded, centred,
clamned, machind and cjected rithout ctonnine

tn2 snindl-., Citroén, tyho have 'wen maliing hon-

e
o]

na macthines for thaoir owm use, hy'~ ~tarted marke-
ting an I hone for conqiine slecves, a 16-spindle
progreccive honing machine for hydraulic parts that

maintains a tolerance of 2 microns and a high

precision 16~spindle machine for fuel injection-
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system parts, which provides hydraulic exvansion
of the hone to hold tolerance +to half a micron at

an outoput of 100 parts per hour.

It is regrettable, perhaps, that in spite of

the impressive technical developments, several

of these high technology products are not actually
pt ‘chased by French customers because of the
low level of investment in the country in modern
machine tools, Some feel the stagnation of invest-
ments in France has forced many French machine

tool manufacturers like Ernault-Somua to start
manufacturing facilities abroad, nota®»ly in the

in the United States of America.
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TEE MACHINE TOOL INDUSTRY IN
THE GERMAN DEMOCRATIC REPUBLIC

The machine tool industry of the German Demo-
cratic Republic ranks eighth ir the world league
of machine tool producers and the country has gained fourth
place as a machine-tool-exporting nation,.

Even before the Second World War, traditibnally

Erfurt, Magdeburg, Leipzig and Chemnitz (Kacl-Marx-
Stadt) were important machine tool building centres.
Since ali these places are now part of the German Democratic
Republic, the country naturatly has become one of the leading

producers of machine tools. The industry is concentrated in

the south of the country, centred around the city of

Karl-~-Marx-Stadt.

The German Democratic Republic produces quality machine
tools suited for one-off, medium, large batch and mass pr-~duc-
tion. It also produces custom-built machine tools £
large manufacturing plants. Machine *+00l manufacture
assumes an important position in the economy and
about four times as many people . are involved
in the manufacture and marketing of machine tools than, for

example, in the United Kingdom. At present, more than 80,000
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people are employed in the machine tool industry.
Its products cover both metalcutting and metal-
forming machine tools. The country also produces NC and

CNC machines,

The country's machine tool industry is cen-
trally planned and controlled as in the case of
other socialist countries e.g., (zechoslovakia and the Soviet
tnion. Over-all responsibility for sales and
marketing policy is determined by the country's
export-import agency, WMW, based in Berlin,

The industry is divided into four manufacturing
combines or kombinats each responsible for the manu-
facture of dirferent groups of metalworking machine
tools. The 7th October Kombinat manufactures machines
for the production of circular components (e.g.,
lathes and grinders) whereas companies within

the Fritz Heckert (previously Wanderer) Kombinat,
manufactur= machines for the production of pris-
matic or housing-shaped components (e.q., milling
machines), The Herbert-Wraneke-Erfurt Kombinat
concentrates on the manufacture of sheet metal,
blanking and forming as well as machines and equip-
ment for processing plastics. The fourth Kombirat
is Schmalkalden which manufactures tools, jigs,

fixtures and maintenance machines,
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Droduction. In 1977, the couriry produced machine
tools worth $§ 641.,4 milliun, of which metal-
cutting machine tools accounted for $ 504.5 mil-
lion and metalforming, $ 136.9 million, The
production of machine tools improved in 1978 to
reach a value of $ 698.6 million and the industry
improved its performance still further in 1979.
Production was estimated at $ 806,00 million
worth of machine tools for 1979. The production,
consumption and trade figures pertaining to the
years 1975 to 1979 are given in Table 11.

Pable 11. THE MACHINE TOOL INDUSTRY 1IN THE

GERMAN DEMOCRATIC REPUBLIC:
PRODUCTION, CONSUMPTION AND TRADE

(vVvalue in US §$ million)

T R A D E
Year Produc=| Consump~ p-==se-re==-— ———p————————
tion tion ExportpPercen- | ImportpPercentage
Lage to to produc-
broduc- tinn
_____ S . Eigr_l_--.-j._ 1
1975 582.2 268.8 507.8] 86.77 191.4 71.20
1976 568.8 365,7 446,4] 78.48 170.3 46,57
1977 41,4 218,7 596.6] 93.00 173.9 79.52 .
1978 698.6 368.5 547,91 78.42 217.8 59,10
1979 805.8 388.0 661.6} 82.10 243,8 62.84

Source: American Machinist.
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Exports and Imports.Over 80 per cent of the country's

"production of machine tools is exported. The export
range comprises a multitude of machine tools

for turning, grinding, gear cutting, milling,

drilling. boring, planing etc. ‘The country now ranks

fourth among the leading exvorters of the world.

The countr, exported machine tools worth $£596.6

million in 1977, $ 547.9 million in 1978 and it

is estimated that it exnorted machine tools

worth $ 661.6 million in 1979, The country imports only
a fraction of what it exports. In 1977,

machine tool imports stood at $ 173.9 million and

in 1978 the imports rose to $ 217.8 million. 1In

1979, the country imported an estimated $243.8 million

worth of machine tools.

In general, three quarters of the country's
rade is with other (cMEA countries, of which about nclf
is with the Soviet Union. The country also imports machine
tools from the Soviet Union and other socialist countries.

Another important trading pertner of the country's mackine

tool industry is the Federal Repnhlic of fermenv.

Technological Strenqth. Since the country is an

important member of the CMEA, it has regu-
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larly supplied high quality machine tools tO {he Soviet Union
and other East European countries. The range of

products stretch from general purpose m:chine tools

to computer control machines, Most of the basic

research and development work is conducted in the

major universities of Jena, Dresden, Berlin,

Leipzig and at the Machine Tool Design and Research

Institute in Karl-Marx-Stadt.

At present the technological strength of the courtry's
machine tsol industry is evident from the fact that
a lot of importance is attached to the production
of custom-built machines and NC machine tools. Re-
search work is also conducted in collaboration with
socialist countries such as (zechoslovakia and the 3oviet
Jnion to continuonsly updste the technical level of products

produced by the countrv's machine tool industry.

The design excellence of machine tools produced
in the German Democratic Republic can be attributed to the
incorporation of modern components such as recirculating
ball screws, DC drives and electronic linear position
scales. The German Democratic Renublic also produces

linked production lines.

The German Democratic Republic is recognized as the
leader in machine tool manufascture in the CMFA group of

because of its
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pinnesring work in improving the machining environ-

ment, nroductivity and accuracy.

Yet the level of aprlied technoloqgy in machine
manufacturing in the country falls somewhat short in cer-
tain areas in comparison tc Western standards. The country
docs not build CNC controls at present although ma-
chin=s acuinned with NC manufactured in the country
can be suovlied to customers. However, machines are
sunnlied, for instance Niles lathes, which are built
for CHC and fitted with Western CNC corntrols. It is

understood that in 1980, the first CNC_6OO to have beer

i1+t in the countrv was to have been launched.

Computer tnchnicues are emnloyed in production,
foer instance, the tape preparation within the factory
is done on a minicomputer. Also NZ machines are
linked to a central mainframe computer (the country makes
its own minicomputers, e.g.ES10040 model), by machine
terminals. In some of the country's factories, an automatic
parts store is used in conjunction with the transport
svstem and they are exnloring the nossibilities of
issuing all necessary tooling wnd fixtures for a job
along with the commonents and then transporting them
toanther round the system to the work station. Such an
advanced production management system on the shop-floor
has become almost a necessity in view of the dire

shortage of labour in the German Democratic Republic.




THE MACHINE TOOL INDUSTRY IN SWITZERLAND

The Swiss machine tool industry has estab-
lished a world-wide reputation for its quality
and precision products. Instead of manufactur-
ing the whole range of machine tools, the Swiss
have always conce-trated on specific product lines
like high precision lathes, precision grinding
machines, gear grinding, sliding-head automatics,
jig boring machines, electron discharge macnines
with wire-cutting (EDM) and fine blanking presses.
The Swiss machine tool industry has held the front
rank in these product lines. The industry is com-
prised of a large number of small and medium shops,
though there are a few which can be termed as
large-scale units,

Production:  aApout 90 per cent of the products of
the Swiss machine tool industry are metalcutting machine tools

and the other 10 per cent metalforming machine toonls. In 197L,

Switzerland produced $ 456,9 million worth of
machine tools and the production went up in 1977

to $ 580,3 million. It was in this year that the Swiss




edged out France and the United Kingdom to occupy sirth place
in the world ranking. However, Switzerland was

again pushed back to ninth place in 1978 and

1979. The Swiss machine tool industry produced

$ 768.2 million worth of machine tools in 1978 of

which metalcutting machine tools accounted for

$ 652,8 million. In 1979, the Swiss production was

estimated at $ 797.1 million. The country's

production, consumption and trade fn machine tools from

1975 to 1979 are shown in the table below:

Table 12. THE MACHINE TUCL INDJSTRY IN SWITZERLAND:
PRODUCTION, CONSUMPTION AND TRADE

(value in US §$ million)

"“--"T -------- o ——— = —— Y T e D D T D o D e S iy > S
! | ___T_R _A D _E____
Year | Produc-' Consump- | Export|Percen- Imnortwpercentage
| tion tion tage to to pro-- -
produc- duction
tion
1975 535,9 220,2 380.8] 71.06 65.1} 29,56
1976‘ 535.6 134.4 455,55 85,04 54,3 40,40
1977 580.3 163,8 493,4| 85,02 76.9| 46,95
1978 ; 768.2 239,3 652.8| 84,98 124.3] 51.94
1979 ¢ 797.1 259,1 677.5| 85,00 139.5| 53.84
———————————— b > o > ——— L———————- — - D W D e > W SN - — - ———— -

Source: American Machinist.
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Exports and Imports. Switzerland has tradition-

ally exported machine tools to all the industria-
lised countries of the world and recently it has
stepred up its exports also to China. Its exports
have registered significant growth since 1375 and

stand at above 80 per cent of the tctal production.

Switzerland imported machine tools worth
3124.3 million in 1978 and about $ 140 million worth

of machine toocls in 1979. The major immorts are

from the Feder-l Republic of Germany, France, Italy, Japan,

the United Kingdom and the United States. Although imports

rance at ahant SN ner cent of corsumntior, commared with

production thev form less than 20 .er cent,

Technolocical Strenaqth. The Swiss machine

tool industry is backed by many nrivate and national
institutions engaged in rese~rch and development of
machine tools., The high technoloqgy machine tools 1like
the CNC-controlled jig boring machines of Sociécd
Genevoise d'Instruments de Physique (SIP), Dixi and lauser;
CNC lathes and machining centres Sirius of Oerlikons
Dubied and Georg Fischer copving lathes; CNC wire crultine
EDM machines of AGIE and Charmilles; precision grinders

of Studer and a wide rangec of gear hobbing machines of

Maag: gear grinding machines of Reishayer anAd Maag: and, for
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watch and instrument industries, those vroduced
by Mikron, Wahli, Strausack etc., are all pro-
ducts of world-famous Swiss ovroducers of machine

tools.

It is possible to assess the technological
strength of the machine tool industry of a coun-
try by having a close look at the machine tools
exhibited by it at the renowned world machine
tool exhibitions like those of the EMO and others held
il?eic,r}lzi icoa,g oB’rnlg),n d’l\‘)c;lky(o&:c Oosla A, ,i % a’nnpoaJQirs ’and Brussels. For
example, at the 3 EMO a: Milan, a wire-cut EDM machine
was shown by AGIE which can automatically shift
from one die opening to another. To do this with-
out interruptiing the operation of the machine, the
wire is cut after onc onening in the work is com=-
nleted, the table shifts the work to the next open-
inag, a tube is pushed through the new hole, the
wire is pushed through the tube, the wire is tied
to the other end of the wire, the tube is retracted,
the wire-cut operation is resumed in the new opening

of the work, all automatically.

A Reishauer gear grinding machine had elec-
tronic control to replace the change gears, both

for a number of teeth and for helix angles.
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Capacity 1s increased to 650 mm diam. on &
new Maag ~ear grinding machine that provid.:s an
automatic cycle for spur and helical gea.:s. The
cycle is controlled by a combination of cams and
pins. Even very slight wheel wear can be de-
tected and compensated for by aivance of the

grinding wheel in increments ¢5 1-2 microns.

An integrated fifth axis has been added to
the Sirius HMR machinino_centre ‘of Oerli¥on-Ziirich,
a division of Oerlikon-Biihrle. . This is
p.ovided by a horizontal axis of rotation atop

the index table on which the work is mounted.

Switzerland being the home of the best or-
ganised horological industry in the world has
also produced major innovations in precision
machine tools needed by the horological industcy.
The sliding-head automatics developed in Swi*zer-
land have earned the name of Swiss Automatics be-
cause these machines were uniquely designed and
produced in Switzerland. Now these are available

in full CNC-controlled versions,

The Swiss machine tool industry now mov-

ing into the areas of highest precision bv an
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imaginative integration of the measuring func-
tion on its machine tools. This effort is
backed up by impressive innovations from the
fine mechanics and instruments manufacturing

branches in Switzerland.
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THE MACHINE TOCL INDUSTRY IN CZECHOSILOVAKIA

The unachine tool industrv in Czechoslovakia consists of
47 manufacturing firmrs producing metalcutting and
metalforming machines. The Czechoslovakian industry dates
back to 1905 and has a long tradition of building
quality machine tools. There are two major qroups
of manufactur=rs: the 'Engineering Technique Group
(TsT), consistine of TOS, MiS, ZPS, CKD,
Smeral, fﬁks, Narex and SKODA. The other gro:p
consists of national ~orporationc in Plzen,
Blansko and Strakonice. Czechoslovakia is a lead-

ing nroducer of machine tools in the CMEA croup

second only to the Soviet Unionr and the German Democratic
Republic.
Besides general -urpose machine tools, the country's

machine tool industry is famous for its
heavy machine tools and machine tools needed by

the ordnance factory.

Production. Czechoslovakia rroduced machine
tools worth $ 292.7 million in 1974, $ 305.4 mil-
lion in 1975 and the vproduction touched a value
of § 363.4 million in 1978. The estimated produc~

tion in 1979 was worth $§ 357.2 million. The
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production, consumption and trade of machine tools

from 1975 to 1979 are given in Table 13.

Table 13. THE MACHINE TOOL INDUSTRY
IN CZECHOSLOVAKIA: PRODLCTION,
CONSUMPTION AND TRADE

(value in US $ millions!

T R A D E

Year | Produc- |Consump-| “EXpOrY Percen- |IMDOTY Percentage
tion tion tage to to
produc- production
tion

1975 305.4 241.17 190.5 62,38 129.8 53.04
1976 337.9 260,7 190. 56.29 113.0 43,34
1977 309.1 251.4 215,3 69.65 157.6 62,69
1978 363.4 287.4 246.2| 67.75 170.2 59.22
1979 357.2 258.5 265,00 74.19 166.3 €4.33"

Source: American Machinist.

In 1978, the country's machine tool irdustry pro-
duced about 17,000 machine tools of which 5500 were

metalforming machines,

Exports and Imports.Czechoslovakia has tradi-

tionally traded with the East European countries.
and the Wect European countries like the Federal Rerublic

of Germany, France, Italy, the United Kingdom and the

United States but recently




- 11k -

the volume of impqrts from the Soviet Union and the German
Democratic Republic has incr2asad. Czechoslovakia
imported $97.7 million worth of machine tools in 197k and
the imperts since have risen steadily to resch a value of
$170.2 million by 1978. In 1979 the value of the machine

tools imported by Czechoslovalia was estimated to be

$166.3 million.

Czechslovakia exports more machine tools than
it imports. 1In 1974, the country's exports of
tools were valued at $ 152.3 million., The exvorts
rocn steadily to touch a value of $ 246.2 million
in 1978. The estimated value of exports in 1979
wa3 § 265 million representing more than 70 per cent of the

value 517 the national production of machine tools.

In the last 30 years, Czechoslovakia has ex-
ported more than 350,000 machine tools, thus testi-
fying to the good reputation enjoyed by the country's pro-

ducts in the world market.

Technological Strength. The country's machine

tool industry is greatly assisted by the research
and development carried out at the Research Institute
of Machine Tools and Machining (vuoso), Prague, and

the Institute for Metalforming Machine Tools at Brno.
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The principal directions of research activity

are in the development of Comnuter Numerical

Control (CNC) for machine tools 2nd modular manu-
facturing systems. Develorments are in proqress

to come out with a fully flexible manufacturing
system which would be completely automatic. This

is to be achieved by a Direct Numerical Control

(DNC) system with a three-tier hierarchy of computers:
central computer fOr systems control, including tool
movements from a central magazine to tool sharvening,
and intermediate computers (CNC) for control of the
machining centres. A semi-automatic integrated manu-
facturina system consists of NC Machining Cenc:res

and Standard NC machines, like measuring machines

(NC) and ultrasonic work devices and other support-
ing equipment, The system is controlled by DNC
comuters developed in Czechoslovakia. Some of

the new developments undertaken by VUOSO are: an
automatic system to sense the tool wear and break-
age of tools in the automatic production system

and tool magazines for CNC machinina centres to

store tools in a matrix formation with the scope

to hold an unlimited number of tools, This is »
step ahead of the limited number of tools in the tool
changer equipment presently provided on machining

centres,
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THE MACHINE TOOL INDUSTRY IN POLAKND

In Poland, there are about 25 factories produc-
ing machine tools. The Polish machine tool industry
was completely rebuilt after the Second World War. It
is now estimated that the actual investment in the
machine tool industry of Poland is higher than that
of France or Italy. In terms of money invested in
the machine tool industry, Poland ranks only behind

countries 1like the Federal Republic of Cermany,

Japan, tue Soviet Uuioun &ind the United States of America.
Recently, ™oland established both technological &nd economic

contacts with the Federal Republic of Germany to produce
high precision machine tools. Companies like Gildemeister in
the Federal Republic of Germany have

entered into collaboration agreements with the Polish
machine tool industry. Formerly, much of the production
equipment consisted of machines from Czechoslovakia, the
German Democratic Republic and the Soviet Union, but lately
Polish industrv has installed madern equipment made in the

Federal Republic of Germeny, France, Italy and the United
Kingdom.

Production. During 1979, Poland was
among the eleven leading countries of the world in the

production of machine tools. The production of the
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Polish machine tool industry almost doubled

in the years 1974 to 1979. In 1974, Poland pro-

duced machine tools worth $ 353.8 million and re-

gistered a 20 per cent increase in 1975 when the total

production reached $ 422.8 million. The machine

tool production again rose by 21 per cent over 1975 to reach

a value of § 510 million in 1976. A further increase of 2k
per cent raised the production to $ 583.4 million in

1977. 1In 1978, the production reached $ 678.8

million which was g per cent more than the previous year,
The estimated production in 1979 was $ 684.6 mil-

lion. The production, consumption and trade of

machine tools from 1975 to 1979 are shown in Table 1k

Table 14. THE MACHINE TOOL INDUSTRY IN
POLAND: PRODUCTION,
CONSUMPTION AND TRADE

(value in US $ millions)

T R A D E

b
——— - — —— - —

Year |Produc-|Consump-| “EXport Percen~ IMport Percen-

tion tion Lage to age to
produc- oroduc-
tion tion
...... SPURPRPN P RRSIVU RS S RD) Wttt WSRO RSN S 592

1979 684,6 1012.0 190,9 | 27.88 518.3 51,22

Gource: American Machinist.
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OBSERVATIONS.

The preced 4 pages give the current position of
machine tool industry in the top eleven industri-
alised countries. There are indications that the
machine tool indvstry in the industrialised coun-
tries is on the threshold of a greater advance-
ment technologically. Sheer competition in the
world market for capital goods, automobiles, air-
craft and armaments and the more sophistie
cated requirements of industries like aerospace
and communications,with energy restraints, sky-
rocketing costs of manufacture and massive efforts
to increase productivity to keep costs under con-
trol will all call for a qgreat technological break-
through which could give birth to many new and
non-conventional procecsses of material cutting and
forming; and with that, the designs of machine
tools and production technology in manufacturing
and engineering industries will undergo perhaps
further changes. Invariably in all aress, it is
expected that micro-electronics will play a
pivotal role and production organisation and
management would have been further refined through
the application of more soohisticated methods and

robotics.

the
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ITI. A BRIEF STUDY OF THE MACHINE TOOL INDUSTRY
IN SOME OF THE LEADING DEVELOPING COUNTRIES

THE MACHINE TOOL INDUSTRY IN CHINA

Introduction. The Chinese marhine tool industry

has been expanding over the last decades. In 1949
when the new Government came to power, around 1,600 machine
tools were produced and by 1978 the figure rose

to 183,000 units, In the 1950s, with the assig-

tance received from the Soviet Union, China built

over 20 large-scale machine tool plants destroyed

during the war including the reconstruction of in-
dustries in the north and north-east. Imports of

machine tools from the Soviet Uniocn jumped from 1,600
units in 1949 to 26,000 units in 1952, From 1958

to 1960, China went through the throes of its

‘Great Leap Forward and further increased its im-

ports. However, in 1960, when the Soviet Union withdrew
its assistance, several large-scale machine tool plants
were still incomplete. The focus of the recon-
struction activities of the 1960s was therefore on

the completion of these half-finished plants and
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the dispersion of machine tool production centrese.
The flow of advanced machinery and machine tools
from the Soviet Union stopped and China tried to
procuce these items dcmestically, relying on its
own resources and on its insufficient technical

know-how,

China currently has approximately 30 large-
scale machine tool plants and several small and
medium-size jlants (more than 40) manufacturing
almosc all ty,cs of general purpose machine tools
and some advanced designs as well. The industry
employs about 500,000 workers. Efforts are being
made to foster the machine tool industry all over
the country, but production still tends to concen-
trate heavily in the east, north and north-east of
China. Most of the larger plants are located
around Beijing and Shanghai. Other centres of mac-
hine tool production are Shenyang, Harbin, Dalian,

Qigqihar, Wuhan and Tianiin.

Production. China can produce almost all its

current needs but it is necessary for the country

to increase the variety and improve the designs and

quality of its products. particularly high preci-

sion machines and instruments. Among the 269 new




- 121 -

machine tools planned for 1981 are the numerically
controlled jig boring machines, universal and exter-
nal grinding machines and differemt types of horizontal
boring machines., This, it is learnt,is part of the
modernisation programme, which the present leader-

ship of China has initiated,

China began exporting machine tools in 1957
when 56 small lathes and planing machines were sent
to Hong Kong, Pakistan, Thailand, Malaysia, Lebanon
and Eqypt. At present, it exports about 20,000
machine tools annually. China participated for the
first time in the International Machine Tool Exhi-

bition (3 EMO at Milan in October 1979.

Machine tool production and trade from 197h to 1979 are

shown in Table 15.

Table 15. The production and trade in machine tools
from 1974 tn 1979 in China.

(Vvalue in U.S. $ millions)

Y;ar Produc-~ Consum- Trade
e tion ption Export Import

1974 140.0 172.0 3.0 3$.0
1975 300.0 351.0 4.0 55.0
1976 315.0 360.0 5.0 50 .0
1977 35520 395,0 10,0 50 .0
1978 405,0 450.0 20,0 65.0
1979 420,0 452,0 28.0 60,0

Source: American Machinist.
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Technological Level. China‘’s machine tool

technology is behind that of the West in two main

areas, Firstly, greater co-ordination of research
and development activities has to be ensured in

particular &0 Awprove

the ability of the
production plants to absorb what comes out of the
experimental stages.~ Secondly, as regards
production technoloay. China is close to 20
yvears behind the West; plants operate at inefficient

levels and inventory control is almost nil. A

major weakness is in organization

and plant management, Many of the plants
are vwertical operations, with the majority of compon-
ents made within the main factories, With such
a system, it is difficult to boost efficiency through

specialisation.

Notwithstanding these problems, China‘'s mach-
ine tool industry 1s moving forward. Some of its
basic universal models of general purpose machine
tools are being exported to the West, armed with
the unbeatable advantage of low price. The China
Machine Tool Exhibition held in Hong kong in 1977

displayed as exportable products gear shaping
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machines, gear grinding machines, cylindrical
grinders, optical profile grinding machines, lathes

and other items.

China has built up a bs.ic foundation in tech-
nology through its past experience. Its technical
experience in the strict definition of mother mac-
hines, such as jig borers, horizontal borers,
planomillers, and various gear cutting and finish-
ing machines is, for example, superior to that of

many other developing countries in East Asia.

On the other hand, when it comes to engine
lathes, universal millers, radial drilling machines
and other production machines, most of the designs
are old and the production system inefficient.
These general purpose machines should be strategic
export products for the Chinese machine tool industry
which has just started on a full-scale export
drive and thus the 1lack of develorment in this field is

particularly critical.

The country, it is understood, 1is making great
efforts to improve and modernise its machine
tool industry. It has sought the assistance of

UNIDO in this regazd. With a firm policy decision
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of the Government backing the over-all modernisation
programwme, it is expected that the country's machine
building and machine tool industries will undergo re-

volutionary changes.
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THE MACHINE TOOL INDUSTRY IN BRAZIL

Introduction. The Brazilian .machine tool
inAaustry 1s the biggest in Latin America. In
1979, it occupied fifteenth place in the world

ranking of machine-tool-producing countries.

As in all other developing countries, the manu-
facture of machine tools was taken up in an orga-
nised manner only after the Second World War.
During 1960, the Brazilian metalworking industry was
estimated to have 205,654 machine tools installed.
The inventory of machine tools in 1971 grew to
369,146 units, In 1974, there were 13 large
enterprises which produced quality machine toolse.
The medium and small units numbering about 25 in
1974 produced simple general purpose machine tools.
Most of the manufacturing units are concentrated
in and around S3o Paulo but recently new units

have been established in other regions.

The Brazilian machine tool industry took up the
manufacture cf NC machine tools in 1975, The pro-
jectad development of the metalworking industry in

Brazil from 1968 to 1980 is shown in Table 16.
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Mawd~ V14
P SV . A

DEVELOPMENT OF THE METALWORKIN: INLUSTRY IN BRAZIL

Production Locally added Increase of ﬁzg?ig:rk Labour

Year (i:g:;n' Valggézirce“' ?ggﬁgeX%igg) (5222§§nd ( thousands)
Metal Products
1968 100 100 100 - -
1971 134 61 131.8 69.6 165.7
1975 198 60 188.5 91.6 218.1
1980 170 59 257.4 122.7 263.1
Non-electrical machinery

1968 100 100 100 - -
1971 144 61 142.7 70.7 152.0
1975 212 59 202.1 92.3 198.5
1980 285 56 275.2 151.3 255.3

Electrical machinery and eocuipment

1968 100 100 100 - -
1971 136 57 134.7 75.0 167.1
1975 192 56 185,7 96.5 208,0
1980 285 56 275.2 131.3 255.3

Transport eauipment

1968 100 100 100 - -

1971 137 47 137 90.9 227.3
1975 192 48 205 114.9 294.,6
1980 285 48 302 147.2 368.,0

Source: Institute for Economic & Social Planning (IPEA) Studies.
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Production. The production of the machine
tool industry in Brazil was valued at only
$111,.3 million in 1974 and by 1976 the produc-
tion doubled to reach a value of $§222,5 million,
The output of the Brazilian imachine tool indus-
try further increased to $282.9 million in 1977,
but there was a marginal decline in production

during the years 1978 and 1979,

The production, consumption, export and
import statistics of machine tools from 1974 to

1979 are shown in Table 17.

Table 17. The production and trade in machine tools from
1974 to 1979 in Brazil
(Value in U.S. $ millions)
Year Produc- Consum- Trade
tion ption Export Import
1974 113.3 175.8 6.0 70.5
1975 137.0 206.0 14,0 83.0
1976 222.5 386,.8 10,7 175.0
1977 282.9 441 .9 11,2 170.0
1978 255.3 361,.3 20,1 226.2
1979 239.8 342,.8 33.0 136.0
........ - I SNV I

Source:

American Machinist.
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Technological Strength. The Brazilian machine

‘tosl industry launched a programme of restruct-
uring in 1974, Under this programme, many of the
machine tool manufacturing firms were expanded to
produce a large number of machine tools and also

to raise the quality of their products, to increase
productivity and to enter the sophisticated field
of NC machine tools. This restructuring was mainly
done to enhance the technological strength of the
industry. A special Research Institute of Techno-
logy was started in the University of Sao Paulo to
provide the industry with the necessary know-how
for designing and producing sophisticated MC machine
tools, This Institute conducted in 1974 a survey

to highlight the technical performance and standards
of quality in manufacture. The Institute has been
responsible for making recommendations to the metal-
working industry on methods of solving specific
manufacturing problems and in matters of selection
of machine tools for specific purposes. The
Research Institute is now engaged in designing and
building machine tool prototypes either at the re-

quest of the manufacturers or on its own initiative,




The standards established by this Institute in the
manufacture and testing of machine tools are on & par

with international standards.

The Government of Brazil is providing a number
of incentives for economically sound and technically
advanced projects with a view to modernising the
production methods of the Brazilian machine tool in-

dustrye.

From the stage of collaboration with interna-
tionally well-known machine tool manufacturers of
the world, the industry has graduated presently to
designing almost all types of general purpose mach-
ine tools and a selected number of NC machine tools,
The strength of the Brazilian machine tool industry
is evident from the fact that it is sustaining the

biggest automobile industry of Latin America,

Exports and Imports. The 13 major Brazilian mac-

hine tool producers account for 90 per cent of the eryported
machine tools. Traditionally, exports have accoun-
ted for a small share of the total production. In

1974, Brazil exported $6 million worth of machine




tools and exports have since grown gradually to
$33 million in 1979. Exports of Brazil in 1979
accounted for just 15 per cent of the total production.
Brazil exports mostly simple machine tools like
lathes, milling machines, grinding machines and

a few power pressese.

Import of machine tools into Brazil has al-
ways been more than 50 per cent of the indigenous produc-
tion. In 1974 Brazil imported $70.5 million worth

of machine tools, representing about 62 per cent of the

value of the indigenous production.

Even 1in 1979, imports accounted for $136
million as against indigenous production of §239.8
million. The high cost of imports can be directly
attributed to the purchase of advanced technology
machines, gear grinders, special transfer lines
etc. needed by the Brazilian engineering industries.
The reliance on imports of such sophisticated mac-
hines is likely to decrease as the indigenous mac-
hine tool industry starts producing the advanced

technology machines.
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THE MACHINE TOOL INDUSTRY IN THE REPUBLIC OF KOREA

Introduction..In 1979 there were 199 machine tool
building firms in the Republic of Koree, the most important
of which Were: Dong Yang Machine Corp., Haw Cheon
Machinery Works Co., Nam Sum Ki Kong Sa, Hyundai
International Inc., Dae Woo Heavy Ind. Ltd.,Chung
Kong S. Co. Ltd., Kia Machine Tool Co. Ltd. and

Yeong Chin Machinery Ind. Co, Ltd.

The country's machine tool production in 1975
did not even merit its inclusion in the world rank-
ing of machine-tool-producing countries. But in
two years time, i.e. in 1977, the country was listed 2Lth.
In 1978, it jumped to the 20th place ahead
of India., The estimated production of the Republic of Korea
1979 was $150 million. The phenomenal growth of
the countrv's machine tool industry can be attributed
to the national plan drawn up by the Government
in 1973 to make the machine tool industry really
strong. The Changwon Industrial Complex was built
by the Government and many foreign investors were
welcomed.The country'smachine tool industry is now
in a position to manufacture not only the fnll range

of general purpose machine tools but also sophisticated
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items like CNC lathes, machining centres, NC boring

and milling units etc.

Tae countrv's machine tool industry is fostered

with care vy the Governmente

The promotional features of the Govern-
ment for the machine building industry include the

following:

(a) People's Investment Punds, centring
around people's saving to promote the
construction of heavy industries;

(b) machinery industry funds (Governmen-
tal funds) to support promotion of the
machinery industry;

(c) foreign currency fund to promote the
domestic production of machines;

(@) medium and small company funds to

sSupport medium and small-scale companies;

(e) export support funds.

The Government also gives the following

tax concessions :

(a) reduction of or exemption from tax for

important machinery industries;
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(b) preferential tax on funds for tech-
nical developments;

(c) exemption from customs duty on machines and
facilities which cannot be produced
domestically;

(d) exemption from tax on funds for impro-
vements of facilitles of medium and
small companies.

To promote foreign investments in joint ventures

the Government offers the following facilities:

(a) permmission for investment with equip-
ment;

(b) guarantee of remittance of dividends
and principal;

(c¢) exemption from import approval laws;

(d) guarantee of remit-

tance of royalties on licence contracts,

Production.The country's machine tool industry acc-
ounted for a production .alue of $10 million in 1976.
The production of machine tools increased dramatically
in 1977 to reach $57 million. The increase in produc-~
tion during 1978 was about 8 per cent over 1977. The value of

production in 1978 was $95 million which was again
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completely overshadowed by the production value
of $150 million in 1979, These production values
clearly indicate the meteoric rise of the industry
and its promise to grow still further in future.
The production, consumption, export and import of

machine tools from 1974 to 1979 are shown in Table 18,

Table 18. The production and trade in machine tools
from 1974 to 1979 in the Republic of Korea

(Value in U.S. $ millions)

Year Produc- Consum-~ Trade
tion ption Export Import
1974 - - - -
1975 - - - -
1976 10,0 100.0 - 90,0
1977 57.0 185,0 - 130.0
1978 95.0 246,0 5.0 156.0
1979 150.0 268.0 2.0 140.0
__________ —— o

Source: METALWORKING - Engineering and Marketing, March 1980.
Technological Strength. Even though the country's

machine tool industry owes its success to a large
number of foreign collaborations and joint ventures
etc.,,with firms in Japan and the United States heeding the

list, the industry 1is spending heavily on R & D,

The country now manufactures a very wide range of

netalcutting and metalforming machine toolse.




Sopnisticated N machine tools are built by many
manufacturers. Hyundai International Inc. are

making horizontal machining centres and NC lathes

with technology obtained from Osaka Kiko

of Japan. Cincinnati Milacron of the United States
are collaborating with Hyundai to make cylindrical

grinding machines,

Dae Woo Heavy Ind. Ltd.
have designed their own NC lathes. The lathe has
been interfaced with an industrial robot of Fujit-
su to enhance its automation and productivity.
Dae Woo also make ball screws and nuts for

NC machines,

Kia Machine Tool Co. Ltd. have deve-

loped their own special purpose machines to machine

cylinder blocks. Dong Yang have a technical
collaboration with . Okuma of Japan to make
high precision engine lathes, and. Chung Kong

Sa work in collaboration with Howa Sangyo Co. of

Japan on the advanced design of milling machines.

Many of the country's technical universities carry out
R & D work for the machine tool industry. Private

builders have also invested substantially in R & D

to remain competitivee.
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Exports and Imports. The export of machine tools

started in 1977 with a modest performance of § 2
miliion. The value of exports rose to $5 million

in 1978. There was a dramatic rise of exports in

1979 reaching $22 million, The country's exports of
machine touols were expected to touch $40 million

in 1980.

More than 20 Japanese machine tool companies
have established licence production agreements with
builders in the country. Some of the machines built in
the country are exp-~rted to Japan. Korea Heavy
Machinery Ind. Co. Ltd. have entered into an agree-
q ment with Yamazaki of Japan to build Mazak
lathes for export to Japan. More than 600 locallv-

built Mazak lathes were exported to Japan in 1979,

The country imported $90 million worth of machine

tools in 1976, accounting for 90 per cent of the machine

tool requirements of the country during that year.

However, the remarkable growth of the indigenous

industry has gradually brought Jdown the dependence

on imports., The Republic of Korea imported machine tools worth
$140 million in 1979 which was about 50 per cent of the

domestic consumption of machine tools.
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THE MACHINE TOOL INDUSTRY IN ARGENTINA

Introduction. The Argentine machine tool in-

dustry came into existence immediately after the Second
World War. The industry was set up to produce

machine tools locally because imports were cut

off, From a very modest production value of $§11.9

million in 1966, the production value rose to$22.2

million in 1971. There were 94 establishments in

1971, accounting for a total production of 13,000

tons of machine tools.

In Argentina there are three main groups of
machine tool manufacturers; the first group con-
sists of large companies with more than 100 work-
ers. The second category has between 50 and 100
workers and the third consists of small-scale units

employing less than 40 workers.

Argentina now produces many types of genersl
purpose machine tools and a few NC machine tools.
In addition to 12 manufacturers in the large and
medium sectors, there are a number of ancillary
units feeding the parent units with a variety of

mechanical, electrical, hydraulic and pneumatic

components.
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Most of the machine-tool-rziSducing units are
located in the two major cities, namely Buenos

Aires and Cordoba.

Because of ramnant inflation in 1°¢78
and 1979, there was practically no investment in
the machine tool industry. Capital investment in
other sectors was also paralys-3. In 1978 the rate
of inflation was 127 per cent and in 1979 it was

150 per cent.

This is a pointer to the poor rate of growth
of the machine tool industry in Argentina from 1977

to 1980.

Production. The Argentine machine tool indus-
try produced $11.9 million worth of machine tools in
1966. The industry gradually imprcved its perfor-
mance to reach $22.2 million in 1971, The produc-
tion again rose in 1974 to $40 million. After
attaining an output of $60 million in 1977, the
industry has languished at this level without any

appreciable growth because of high inflation.
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Technological Level. The machine tool indus-

try now produces a wide ranie of general purpose
machine tools as well as a few NC machines. The
large manufacturers possess adequate technology

and modern equipment including NC machines and pro-
duce modern machine tools from copying to automatic
lathes, milling and grinding machines, heavy duty
presses and a variety of other machines for prod-

uction and maintenance.

Table 19 aives the statistics re-
garding production, consumption, exports and imp-

orts of machine tools from 1974 to 1979.

Table 19. The production aua trade in machine tools
from 1974 to 1979 in Argentina

(value in U, S. $ millions)

Year Produc-~ Consump--W Trade
tion tion Export Import
_________ B S s e e
1974 40,0 5365 7.0 2045
1975 4240 70.9 9.7 38.6
1976 5045 79.0 10.0 39.0
1977 6040 102,0 15,0 57.0
1978 60,0 108,0 12,0 60,0
1979 62.0 125,.0 12,0 75.0
———— e i I d e R

"yiarce: American Machinist.
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Sxports anc Importe. Though Argentina exported

machine tools worth $7 million in 1974, the share

of exports to indigenous producticn has hardly ex-

ceeded 20 per cent. Argentina exported $15 million worth
of machine tools in 1977 and has not improved app-
reciably since then., Argentina mostly exported

machine tools to the other Latin American countries

under the LAFTA arrangement, whereby the country

enjoys customs-free exports.

Argentina has traditionally imported more than 50 per
cent 0f its requirements of machine tools. In 1970,
Argentina imported $33.1 million worth of machine
tools and imports jumped to $75 million in 1979
when, for the first time, imports exceeded ind-

igenous production as can be seen in the table above.

It was predicted that imports would increase

further to 30 per cent in 1980.
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THE MACHINE TOOL INDUSTRY IN MEXICO

Introduction. The manufacture of machine tools

in Mexico began in 1959 in a small stamping press
factory. Today there are many enterprises engaged
in-the production of metalworking machine tools in
Mexico. Soon new plants started production of eng-
ine lathes and milling machines of different speci-
fications. Even the other lines of machine tools
such as turret and automatic lathes, surface and
cylindrical grinders and drilling machines are un-

der production.

The major types of machine tools produced in

Mexico are divided into three categories, viz.

Metalcuttung Metalforming Woodworking

Engine lathes Presses Planers

Automatic lathes Drop forges Saws

Drillinrg machines Shearing machines Edgers

Grinders (guillotines) Lathes

Saws Bending and Shapers

rolling machines Tenoners

Drilling
machines

The industry receives strong Goverment support
in the form of fiscal incentives and technical &sss-
istance. The industry has joint ventures involving
firms from Czechoslovakia, the Federal Republic of Germarny,

Italy, Switzerland and the United Kingdom.
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Machine tools produced in the
country are mainly imported designs and apart
from the products oif joint ventures, machine
tools produced in the other factories in Mexico
near Puebla, San Luis potosy, Queretaro and Monterrey
are under licence from abroad, viz. France, Switzerlend,
the United Kingdom, the United States and Yugoslavia. The
boost given to the Mexican economy by the petro-
leum industry to grow more rapidly in the years

to come will impel the indigenous :mackine tool industry

to rapidly expand.

Projections for machine tools, according to products,

are given in Table 20.

Production. The Maxican machine tool industry
produced hardly $2 million worth of products in
1974. The production reached a value of $15.5
million in 1979. The indigenous production is so
meagre that most of the reauirements of machine
tools are met by imports. China and Romania have

entered the Mexican market in a big waye.

The indigenous production covers mostly gen-
eral purpose machine tools like lathes, drilling

machines, knee-type milling machines, turret and

capstan lathes and a variety or shears, presses and
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Table 20

TH MACHINE TO-'L PARK IM MEXICO, 1960, 1970 % FSTIMATES FOk 1980

1960 1970 : 1980

Less than Less than g Less than
21§ears Share ;idyears Share! i;dyears Share

(units) (% (units) (%) (units (%

Metalworking 13,677 87.3 73,148 84,7 174,283 24,7
Lathes 2,820 18.0 17,011 19.7 38,711 18.8
Milling machines 531 3.4 4,066 4,7 9,384 4.6
Drilling machines 980 6.3 9,000 10.4 30,246 14.7
Grinding machines 830 5653 7,317 8.5 17,485 8.5
Presses 1,206 7.7 7,106 8.2 18,606 9.0
Other 7,310 46,6 28,648 33,2 59,851 29.1
Woodworking 2,000 12,7 13,062 5.3 31,390 15.3
Total 15,677 10,0 86,210 100.0 205,673 100,0

Source: Institute for Economic & Social Plannin;; (IPEA) Studies.




- 144 -

forging machines. The production, consumption,
export and import figures for the years 1974 to

1979 are given ir Table 21.

Table 21. The production and trade in machine tools from
' 1974 to 1979 in “exico
(Value in U.S. $ millions)
Year | Produc- Consum- Trade
tion ption Export Import
1974 2.0 224.0 - 222.0
1975 4,5 249.0 - 244,.5
1976 5.0 195.0 - 190.0
1977 6.0 86.0 0.3 80,0
1978 13.6 87.3 1,3 75,0
1979 15.5 99,0 1.5 85.0
- - el e e -
Source: American Machinist.

Technological Level. Manufacture continues

to develop with strong Government support in the

form of fiscal incentives and technical assistance.

There are many joint ventures involving firms from Czechoslo-

vakia, the Federal Republic of Germany, Italy, Switzerland

and the United Kingdom. NAFINSA .
the Industrial and Finance Company of the Mexican
Government, s spearheading the development of the manu-

facturing industry including the machine tool industry

in the country.




> )

Exports and Imports.Mexican exports of machine tools

were nil up to 1976. Starting from a nominal
export performance of $0.3 million in 1977, the ex-~
ports touched $§1.5 million in 1979, The products

were mostly exported to the Latin American countr-

1 s, under the LAFTA arrangements.

Mexico imported $222 million worth of machine
tools in 1974 whereas local indastry produced
barely $2 million worth of machines during that year.
While production of machine tools grew by about 15 per
cent in 1978, imports increased by 25 per cent. However,
the imports gradually declined and touched down to
$85 million in 1979, Mexico imports mostly sophis-

ticated machine tools from the Federal Republic of Germany,

Japan, the United Kingdom and the United States.
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VI, A CASE STIIDY OF THE MACHINE TOQI TINDUSTRY TN TNDIA

A éése study of one of the developing counatries
which has strived hard in establishing its own mach-
ine tool industry over the decades may serve as a
useful example for those developing countries who are
similarly trying to set up and/or develop their
own machine tool production. The study may reveal
some salient aspects such as the experience in
building machine tools, infrastructural needs, direc-
tion of growth, initial hurdles to be overcome and above
all the vital importance of the deliberate decisions
and support of the national government for establi-
shing this vital industry. Other details like struc-
ture, technological needs, development of indigenous
de§igns and production engineering for the sustained
growth of the industry which are embodied in the study
could serve as guidelines. It is therefore hoped
that the following in-depth study of the Indian machine

tool industry will meet, inter alia, the above

objectives.
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Industrial Base Of India. If we take the his~

torical development of industry as a whole since the

beginning of the Industrial Revolution in the United Kingdom

over 200 years ago, we can see a distinct pattern of

development. Whether in the United Kingdom or in any other in-

dustrialized country of the world, the general pattern

seemed to have been to lay greater emphasis on the

consumer goods industry. It is only after consid-

erable development of the consumer goods and the con-

sumer durables industries that a country usually deve-

lops a sufficiently large market for capital goods

and then in the second stage, the development

of the capital goods industry is a natural consequence. In the
United Kingdor,about seven to eight d~ecades had to elapse between

the Industrial Revolution of the textile industry and

the emergence of the engineering industry as a major

component of the capital goods industrial sector. It

was only around 1840 that the United Kingdom emerged as the

'Workshop of the World'.

The case of developing countries,however, appears
to be somewhat different in the present context of their

low industrial development. Can they leave their eng-

ineering and capital goods industry to market forces




- 1k8 -

alone and develop them after a sufficiently large demand has
been generated by their domestic consumer goods

ludustry? Furthermore, could they afford to

leave their capital goods industry to grow in a nat-

ural and in an unplanned manner, or will they have

to plan the capital goods industry systematically,

providing for its growth, the essential inputs and
infrastructure - both physical and fiscal? The

answers to these questions obviously depend upon

the natural resources, endowments, availability of
infrastructure and more important a country's poli-

tical policy decisions. However., by quot-

ing examples of some of the developing countries who

have already established a strong base of their oun capi-

tal goods industries, including a machine tool industryv,

it could be justified that a delibarate policy decision should be
made by a country's government to establish and deve-

lop in a planned manner an indigenous capital goods industry
in general and a machine tool industry in particular as a top
priority in its over-all plaaning for industrialization.

Teke the case of India, for instance.

Relying on the historical experience of the ad-
vanced countries, immediately after India's indepen- ’

dence in 1947 many economists in the country and others

from abroad suggested that India should concentrate
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first of all on consumer goods industries and wait
a few decades befcre launching upon the setting

up of capital goods industries including the machine
tool industry. The answer given to such advisers was
that they had ignored the most vital aspect of the
over-all development viz., the neglect of the basic and
capital goods indastrial sectors would only create
a situation in which the desired increase of the vol-
ume of consumer goods. ircluding consumer durables, could
not take place for lack of the steel, machine tools and
other capital goods needed to produce them, Further-
more, it would have meant delaying the development
of a capital goods industry by several decades. The
country and its political leaders therefore decided during

the 1950s to launch a major effort to develop
basic metal industries including steel, machine tools
and other capital goods industries at the beginning

of the process of India's industrialization,

The country's industrial situation in 1947 had four
basic features: (i) there was no capital goods
industry worth the name; there were a few engineering

shops primarily designed to supply the needs of the

Indian railways ana there were also two steel mills
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producing roughly 1% million tons per annum;

(ii) the entire infrastructure needed for accelera-
tion of tnhe industrial development in terms of power,
water, transport, off-site facilities etcs. was
lacking; (iii) the level of Indian agriculture was
depressed, unit output low and the labour-land ratio,
adverse, Neither was there any system of inputs in
terms of which both the fertility and output could be
raised apart from extensive use of the land resources,
and (iv) there were no other avenues of gainful emp-
loyment besides agriculture. This led to depressed

levels of income, consumption and saving.,

The independent Government of India took policy
decisions therefore: (a) to develop the country's
capital goods industry; (b)to improve agriculture;
(c') to enlarge the manufacture of mass ccnsumption goods and
create employment opportunities in industry: and (4d)
to develop the infrastructure for rapid industrial de-

velopment,

These being gigantic tasks, it was perhaps natu-
ral for the Government of India tc take upon itself

the lead. The result of this was that the State

emerged as the principal instrument of social and economic




- 151 -

transformation and alse the dispenser ot resources. [rom
this it followed that the development strategies in

all economic spheres had to be determined by the
State in order that the resource allocation to diffe
erent sectors of economic development could be done
inamanner so as to achieve the intersectoral balance

in the developmental process compatible with the
framework of socio-economic objectives. That is

where the concept of India's Five Year Economic Plans
became important and possibly inescapable in the eco-

nomic situation in which India was placed then, [

The concept of planning as India adopted is ba-
sically a national exercise towards identification of
options, classification of options in terms of rela-
tive weight and finally, selecting the processes and
sectors of development which are relatively more imp-
ortant in terms of national priorites. Planned
development in an economic situation in which India
was placed was therefore not a question of the imposi-
tion of a certain ideology but only a rational

instrument of co-ordinated development planning,

One of the fundamental decisions which was taken

by the Government of India at the initial stage of




development was that the Indian economy should be
structured on the mixed economy pattem which
meant that while there would necessarily have to be
a massive and progressively dominant share of
GCovernment in the economic development, there would
also be a legitimate, definite and significant

place for prirate initiative., In what manner these
two lines of activities could be synthesised at
different points of time and at different stages

of development has been the principal objective

of the planning exercise in India.

The emergence of the public sector in India
as the principal instrument of economic development
has thus come about and in the industrial field
it is playing an important role side by side with the
private sector, It has geared itself to the task
with all its might. As a result it can be said with a
fair measure of confidence that in the capital goods
industry a great deal of progra2ss has been achieved
and that ccteel plant equipment and heavy electricals -~
from a variety of machine tools and industrial
machinery to process equipment of diversified char-

acter and high precision - are being manufactured in

India, It is not as if development in this sector




has been exclusive to the public sector. In

fact, & number of large, medium and small-scale private
enterprises were encuuraged by preferential '
finance, a network of fiscal relief and also infrast-
ructuvral promotion to accelerate and promote this
effort towards self-reliance and near self-suff-
iciency in the capital goods sector. As a result,
except for a few items of industrial machinery of

high precision and)complexity which are either not
economically viable to manufacture or so technologi-
cally intensive as to be extremely exrensive to

be built in India, the country has become practi-

cally self-reiiant as far as the capital goods sector

is concerned.

Among the core industries, by 1980 steel
production in the integrated steel plants wuas ex-
pected to touch the 92 million tons annual mark. The
non-ferrous metal industry has also made consid-
erable headway. Production capacity of aluminium
ingots increased from 68,000 tons a decade ago to
the current level of 250,000 tons per annum,
Similarly, production capacity of copper has gone

up from 10,000tons in 1965-1966 to nearlv 30,000

tons in 1977, Production of blister copper was
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about 15,000 tons in 1974-1975 and this most

likely reached 25,000 tons in 1980. It was ex-
pected that during 1980, with the improved posi-

tion of electric power supplies, cement production
would top 33 million tons from a mere 11 million

tons during 16TL. Among agricultural inputs,

the capacity of fertilizers increased from 0.55 million
tons to 2.6 million tons, in terms of nitrcgen, and the
production of fertilizers from 0.23 million tons to

1.5 million tons. Petroleum refining capacity in

terms of crude output reached 31.5 million tons in

1978-1979.

A large investment was made in the engineer-
ing industries for diversifying production in the
public and private sectors and for securing
better utilisation of capacity. New machinery manu-
facturing capacity was created for various
industries. Among the major capital goods industries,
installed capacity in 1979 was Rs 1800 million
worth of machine tools; Rs 200 million of forged
and hand tools; Rs 1081.8 million of boilers;

22.7 MVA of power transformers; 6.65 million horse-
power of electric motors; 126,500 tons of

transmission towers; 80,000 agricult.ral
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tractors; 176,500 tons of heavy structurals,

64,000 commercial vehicles and 33,870 railway wagons.

In petrochemicals, the main development was in
the ~apacity and production of basic intermediates
required for synthetic fibres, plastics, aromatics,
dyestuff and related industries. There was a sub-
stantial investment in other industries like power

and newsprint.

Indian industries now prnduce a wide range of
textiles of different fibres (natural and man-made),
leather and leather goods, rubber products, drugs
and pharmaceuticals, construction materials, a large
number of organic and inorganic chemicals and elec-

trical and non-electrical goods.

India's industrial capacity today encompasses
the entire spectrum of manufactured products.These
range from simple engineering goods and consumer
durables such as bicycles, automobiles, refrigera-
tors, radios, air conditioners, television receivers

to a comprehensive range of sophisticated

machine tools, industrial plants and machinery,
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transmission towers and power station equipment,
industrial machinery of a highly specialized nature
for cement plants, textile mills, sugar factories, *
refineries, fertiliser plants, _petrochemical
plants, steel mills, and also technology-in-
tensive products like aircraft, ships, nuclear
equipment and satellites. Production of all
these critical and vital inputs that are of basic
importance to the country's economic development
has been an essential feature of the emerging
industrial structure of India which makes India one

of the 10 highly industrialised countries of

the world.




Early Years. Although machine tools were

manufactured in India as early as 1890 and this
continued throughout the early years of the twentieth
century, the number of machine tool manufactur-
ers was extremely small and the products made by

them were very poor in quality and standardisation.

At the turn of the century, some workshops
in tbe undivided Punjab had taken up the manufac-
ture of machine tools to meet their own require~
ments. The rachine tools produced,viz., heavy
duty deep gap cone pulley lathes and deep throat
drilling machines, were not of acceptable quality.
During the First World War, some engineering concerns
in the north of India also took up manufacture
of other types of machine tools like girder mill~
ing and drilling machines and shell turning lathes.
But these also did not come up to the recognised

standards.

During the decade 1930-1940, manufacture of

reasonably good quality machine tools was under-

taken by P.N. Dutt & Co., Calcutta, West
Bengal; India Machinery Co. Ltd., Dasnagar,
West Bengal: Cooper Engineering Ltd.,

Bombay State; and Kirloskar Ltd.,
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Bombay State. They manufactured
sliding, surfacing and screw cutting lathes up to 9%
in. centre height of cone pulley headstock type,
single pillar drills, shaping machines, hacksaws
etc. These machines were able to find a ready
market in those days. The total number of mach-
ine tools manufactured in India before the Second
World War was estimated to be 100 per

annum,

The outbreak of the Second World War forced the
Indian manufacturers to produce armaments
which increased the demand for machine tools, a maj-
or portion of which was imported from abroad primarily from
the United Kingdom. 1In anticipation of the
needs cf the Allies for their various theatres of
war in India and South-east Asia, the British
Government in India passed the Machine Tool Control
Order in 1941. The main object of this order was
to take an inventory of machine tools obtainable
in India, regulate and improve production in gene-
ral and secure for the armed forces, ordnance
factories and other war industries the best qua- .
1ity machine tools. This may be said to be the

beginning of the 'Indian machine tool industry on

more systematic lines,
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When both Italy and Japan entered the Second World War,
the Mediterranean and the Indian Ocean were closed
for shippirg. Imports thus being more or less
cut off, the Indian machine tool industry was
called upon to make greater efforts to supply
the requirements of the Second World War. Plans wvere drawn
up by the Machine Tool Controller to increase the
manufacturing capacity of the leading machine
tool producers who had the basic plant and equip-
ment, a tackground of reasonably good technical
supervisicn and manufacturing experience. They
were supplied with new machine tools and equipment
from abroad, mainly from the United States under the
American Lend-Lease Scheme. Some firms in India.
including Cooper Engineerirg Ltd., Kirloskar Ltd.
and Investa Machine Tools Ltd.,

received balancing plant worth about
Rs 2.2 million. In addition, some firms were ass-
isted in outright purchase of machine tools from the
U.K. and U.S.A. A team of seven machine tool experts from
the United XKingdom was deputed to help the indigenous machine
tool industry with technical advice and guidance.
The function of engineering inspection was set
up under the Director General of Inspection in the

Supply Department which greatly helped to rationalise

and control the quality and standard of indigenous
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machine tools. As a result of all these and
other concentrated war efforts, the industry
seems tO have made good progress. The total
number of graded machine tools manufactu-
red in India in 1942 was only 273 but in 1946,
this number increased to 4,121 valived at Rs 11.3
million. During the six years of the Second World
War,about 20,000 machine tools valued roughly at

Rs 60 million were produced.

The Industry in the Post-War Years. Althouugb

the Indian machine tool industry made this remar-
kable progress when compared to the short n2riod

of less than 10 years, it almost collapsed immed-
i1ately after the Second World War. This was mainly because
the structure and organisation of the industry
were not strong and specialised enough to under-
take the production of machine tools and compete
against foreign machine tools which were allowed
to be imported freely. Firms which were originally
engaged in the manufacture of other engineering
items had been encouraged to take over the produ-
ction of machine tools, apart from ''he Mysore
Kirloskar Ltd., which was specially

set up for the production of machine tools during
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1940-1941, and which was yet to meke its signifi-
cant contribution, Most of them either did not
possess adequate equipment for producing high

quality parts or the requisite knowledge of tne
technique of building precision machine tools. As

a result, after the termination of the Second World War, the
industry faced a grave crisis, In 1949, sales

of indigenous machine tools fell and large
stocks of unsold machine tools accumulated, lead-

ing to the reduction of ocutput of machine tools

in i950 to barely Rs 3 million, as can be seen in
Table 22. There was a general prejudice among

the consumers against indigenous machine tools as

the standards, designs, ~uality, precision and
performance of Indian machine tools were far

inferior to those of imported machine tools. 1In

the struggle for survival during the post-war per-
iod of the Second World War., manvy machine tool manufac-
turers disappeared. The wartime number of 24 graded
and 100 ungraded machine tool firms in the organised
sector was reduced to 15 graded and barely 30 ungra-
ded machine tool builders after the independence and
the partition of the country. The Gawn of indepen~
dence thus led to the collapse of the indigenous
machine tool industry mainly because of the post-war
structural weakness of the industry and the partition

of the countrye.
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TABLE 22

THE PRODUCTION OF MACHINE TOOLS IN INDIA, 1941-1950

t——

* ? Annuaci:l production ];n India " a/
of graded machine tools Percentage =
YEAR lmff:
(Rsv:}giionlouantity (Rs g?}ggonl

1941 6.8 - - -
1942 5.7 273 0.6 10.7
1943 5.4 1,713 6.4 118.5
1944 15.3 2,170 7.8 51.0
1945 18,2 3,699 11.2 61.4
1946 18.3 2,820 9.1 49.8
1947 36.8 1,400 4,6 12.5
1948 b1,4 1,691 . 5.5 13.2
1949 42,0 2,240 4,7 1.3
1950 24,9 1,130 2,9 1.5

Source: TIndian Machine Tools Manufacturers Association (IMTMA)

a/ Percentage of domestic value compared to import value (% x 100).
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Decade 1950-1960. At this critical juncture,

the Government of India decided to help the mach-

ine tool industry to establish itself cn a strong

footing. As a first step, the Governmment planned

in 1949 to ret up a modern machine tool factory and

entered into a collaboration agreement with Werkzeugmasch-

inenfabrik Cerlikon-Biihrle AG (Oerlikon-Biihrle Machire Tool

Works), Ziirich, Switzerland. This heralded the birth
of Hindustan Machine Tools Ltd., Bangalore,
which commcnced production during 1954-1955. 1In

later years, the company came to be nationally and
internationally recognised as HMT Limited, a lead-
ing machine tool concern in the public sector over
the past three decades. Furthermore, the Governmerit
of India aave much financial and fiscal assistance
to the private sector machine tool companies and
allowed them the freedom to acquire modern designs
and technical know-how fiom reputed machime tool
manufacturers abroad. The industry received spec-
ial technical assistance and guidance from the
Director General of Technical Development (DGTD),
Wing of the Ministry of Industry at the Centre, wvho
also monitored closely the growth of the industry.
In addition, one of the important incentives that
the Indian machine tool industry received from the

Govemment was that imports of machine tools were
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restricted and imports of such types as were being

produced indigenously were totally banned.

Due to these and several other measures which
are described in the next section, the indi-
genous machine tcol industry increased its output
and imports started decreasing. During the first
Five Year Plan commencing in 1950, the total value
of machine tools consumed by India was worth
Rs 200 million of which indigenous industry

produced only Rs 30 million worth

J—

and Iimports accounted for the balance. But the
indigenous production of machine tools steadily
rose from 1957 to 1960. The annual production of
the industry in 1956 was Rs 10,8 milixon and it rose
to Rs 58.6 million in 1960. This marked the initial
growth staqge cf the industry when it consolidnated
the production of a number of general purpose mach-
ine tools, many of them manufactured urder licence
rom aboroad. The product ranade covered
various types of geared-head centre and capstan
lathes, milling machines, drilling machines, radial

drills, grinding machines etc. of modern desim.

Besides the two major production units in the

State-owned public cector, 15 larye and medium-scale




firms in the private sector produced

a variety of general purpose machine tools. What
is significant, however, is the growth of small-
scale units manufacturing machine tools which dur-
ing 1958 numbered 344 of which the Punjab alone
accounted for 264 units which were concentrated in
Batala, Ludhiana, Amritsar and Jullundur. The re-
maining small-scale machine tool units were loca-
ted in other states like Gujarat, West Bengal,
Maharashtra, Madhya Pradesh, Tamil Nadu, Andhra
Pradesh and Karnataka. The statistics of produc-
tion, import and percentage of production of imports

of machine tools from 1950 to 1960 are shown in

Table 23,

Decade 1960-1970. In the decade from 1960 to

1970, the Indian machine tool industry Passed
through a phase of rapid growth. The annual prod-
uction which stood at Rs 586 million in 1960,
jumped to Rs 372.3 million in 1970, The perfor-
mance of the industry would have been even better
had the recession not intervened from 1966 to 1969,
which forced the industry to cut back on production.
The industry recovered from the traumatic experience
of the rccession mainly due to its imaginative

approach to diversify the product range to include
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T48LE 23

THE PRODUCTION OF MACHINE TOOLS IN INDIA, 1951-1960

A R o D r .
Ainual production in Inuia a/
Annual o! sraard mechiine t:0ls Percentage—
Y il imports
Value Quarntity Value
(Rs million) (Rs million)
1951 25,0 2,834 4.7 18.9
1252 7241 4,438 4,4 20.1
1953 31.3 2,961 4.4 14,1
1954 31,6 1,544 L4,/ 12.2
1855 52.9 3,064 6.8 12.8
1056 83.7 3,016 10.8 12.9
1957 146.4 4,033 22.5 16.0
1958 144,2 5,46 34,1 23.6
1960 209.4 5,90 58,6 28,0

Source: Indian Machine Tool Manufacturers Association

a/ Percentage of domestic value compared to import value (g

X 100).
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more advanced designs of machine tools which

were hitherto imported.

It was largely during this period that the

machine-tool-producing units in the public and
private sectors entered into numerous collabora-
tion agreements with renowned manufacturers of machine tools
in Kurope, Japan, thé unitea Kingaom and the United States
to widen the base of production and to add a rum-
ber of new products. New designs like combinat-
ion turret lathes, single spindle automatics,
multispindle automatics, vertical turret lathes,
gear shavers, gear hebirers, precision copying
lathes, multi-tocl automatic lathes, drum turrets,
horizontal lorina machines, broachihg machines (vertical

and horizontal types), front chucking mac-
hines, single and special purpose machines, transfer
lines, heavy duty hydraulic and mechanical
presses were taken up for production to
meet the growing neecs of the metalworking indus-
tries. It was during this period th»t the Indian
machine tool industrv laid the foundation for the
manufacture of almost all types of general purpose
machine tools. In addition to general purpose
machine tools, the productiorn of special purpose

machine tools under licence from a well-known firm
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abroad was also started to cater to the needs of
the automobile, tractor and armament industries in
particular and others like diesel engines and
electric motors. The programme of diversification
within and outside the field of machine tools was
primarily aimed at building the necessary resili-
ence into the industry so that it could face any

spells of recession without getting paralysed.

The Indian machine tool industry achieved
the distinction of rzaching a high percentage of

production to total consumption in 1970, From a

mere 23 per: cent in 1661. the indirenons nroduction

as a percentage of total consumpticn of machine

tools rose to 71 per cent durins 1970.

In 1966-1969, there were ff firms in thre-orrani-

sed sector which accounted for 90 per cent of the total
output of machine tools. The three public sector

units (mainly HMT Limited) held the foremost lead-

ing position and accounted for more than 50 per cert of
the total production of machine tools in the

country and this ranking has been consistently re-~
tained by the public sector units even today. It

was in 1970 that the Indian machine tool industry

established its credentials by participating in
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in prestigious exhibitions abroad like the Interrational

Machine Tool Exhibition held in Hannover, Federal Republic
of Germany. Furthermore, the industry was becoming

conscious of the need to produce advanced techno-
logy machines and also to update the quality and

versatility of indigenously manufactured machines,
Statistics regarding production, imports, exports,
consumptior and share of production in consumption

are given in Table 2.

Decade 1970-1980. The Indian machine tool industry

further registered an increased rate of prod-
uction in the decade 1970-1980. The output of the
industry which stood at Rs 372.3 million in 1970
rose to Rs 502,2 million in 1971. After suffering
a slight setback in 1972, when the production value
dipped to Rs 494,6 million, the industry again
raised its output to Rs 622,6 million in 1973.
The increase in the output of the machine tool industry con-
tinued right through the decade to reach a value

of Rs 1,544 million in 1979,

The growth percentage of the industry from j974-1979
reveals a steadily growing trend. The va-
lue of production in 1974 over that of 1973 regis-
tered a growth percentage of L2 per cent. This sharp in-

crease in productirn was due to the orders rushed through
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TALBLE 24

THE INDIGENOUS PRODUCTION, TRADE AN1) CONSUMPTION
O® MACHINE TOOLS IN INDIA, 1961-1970

(Velue in Rs million)

A B c D E F a/
’ ’ SHaR~ OF
Yrak PROLUCTION IHFOKRT S“XPORT CO.SUSFTION PROLUCTION TE
?OMSUMPTIOH

percentane)
1961 73.3 242,2 - 315.5 23
1962 104,0 260.4 01.1 363.3 29
1963 167.8 315.0 01.0 481.8 3%
1964 209.8 344,04 01.2 553.0 38
1965 254.8 349.3 01.4 602.7 42
1966 284.,8 429.9 06.6 778.1 4o
1967 254.,7 394.0 06.7 642,U 40
1968 206.3 362.5 18.56 50,2 37
19€9 266.8 189.9 29.5 427.2 62
197 372.3 183.0 27.9 E27 .4 71

Source: Indian Machine Tool Manufacturers Association

a/ B
E x 100.
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by the user industries to obtain the benefit of

the "development rebate" granted by the Govern-

ment of India till the end of May 1974. However,

after 1974, the growth percentage was 18 per cent in

1975, 12 per cent in 1976, 10 per cent 1n 1978, 12.8 per cent

in 1979. There was a negative growth rate in 1977 rostly

on account of the general slump in industr-

ial production. The real rate of growth achieved

by the industry during 1973 to 1979 can be put at 8 per cent
after making the necessary correction for in-

flation. Statistics regarding oproduction, imports,

exports, consumption and the share of production

are given in Taovle 25,

Technological Advancement. During this de-

cade production steadily increased and consequently
there was a comparative reduction in imports. Figure VII
shows the growth in production and exports

and gradual decline in imports of machine tools

from 1945 to 1979, The percentage of indigenous
production rose from 70 per cent to 86 per cent of

consumption as can be seen from Figure VIII.

The increase in the value of production does
not merely reflect a greater number of machine

tools produced, but it is also due to the qualitative
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TABLE 25

THE TNDIGENOUS PRCDUCTION, TRADE AND

CONSUMPTION OF MACWINE TOOLS IN INDIA, 1071-1070

(Value in & million )

K B C D E F a/
SHAKE OF
YEAR PRODUCTION IMPORT EXPORT CONSUMPTION PRODUCTION IN
GNSUMPTION
percent~ge)
1971 502.5 217.0 30.5 689,0 73
1972 494,6 236.4 21.0 710.D 69
1973 622.6 286,7 36,9 872.4 71
1974 884,.4 294,6 71.2 1107.8 80
1975 1040.3 L40,5 81.8 1399.0 74
1976 1168.5 L44,9  169.2 1444,2 81
1977 1095.7 357.2 136.6 1316.3 83
1978 1210.5 400.0 205.0 1405.5 86

Source: Indian Machine Tools Manufacturers Association

x 100.
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Figure VIII. The percentage of indigenous production in consumption
in India
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improvement as well as expanded ranae of advan-

ced technology machine tools like the hydrauli-
cally operated front chuckers, multispindle
automatics, multi-tool automatic lathes, single

and special purpose machines, multi-stiation

transfer lines, inclined bed heavy duty hydraulic
copying lathes, crankshaft turning lathes, crark-
shaft grinders, centreless grinders, angular

wheel grinding machines, Swiss-type moving head-
stock automatics (Petermann), heavy duty hydraulic
and mechanical presses ranging from simple single
column eccentric presses of 40 to 100 ton capacity

to highly complex double column heavy duty hydraulic/
mechanical presces of up to 5000 ton capacity. heevy
forge machines and fine blanking machines. The
improvements in quality also include standard and
special accessories, co:ted carbide cutting tools, hydrau-

lic and electronic controls of machine tools.

Furthermore, the Indian machine tool industry
entered the manufacture of modern NC machine tools
during this decade. Even though the firat Indian
NC machine tool was exhibited at the International Mach-

ire Tool Exhibition in Hannover in 1970, it took the industry
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five to six years before it could come up with prod-
action models of various types of NC machines and
machining centres. The industry is now in a
position to offer NC and CNC iurning centres, CNC
vertical machining centres with automatic tool
changers and NC turret machining centres. The
production of NC and CNC machine tools also crea-
ted an awareness to produce the required soft-

ware packages for the optimum utilisation of these
machines, The number of NC machines installed

in the country now is well over 150, SO per cent

of which are installed in the organised in-
dustry and the balance in jobbing and small indus-
tries, R&D establishments and 2ducational institutes.
The production of EDM machines was also establis-
hed during this period. The industry has entered
into the producticn of gundrilling and deep hele

boring machines,

Struccure of the Industry. Among the 125

large and medium-scale establishments manufacturineg
machine tools today, are: HMT Limited(.public
sector), Mysore Kirloskar Limited, Bharat Fritz
Werner Limited (Joint venture), Godrej & Boyce

Mfg. Co. Pvt. Ltd., Cooper Engineering Limited,

Heavy Machine Tool Plant, Ranchi (public sector),
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Praga Tools Limited (public sector),?erfect Mac-
hine Tools Co. Pvt, Ltd., Batliboi & Co. Ltd.,
Beco Engineering Company Ltd., Madras Machine
Tool Manufacturers Ltd., Amteep Machine Tools
Pvt. Ltd., Simtools Limited, Kerry Jost Tools
Limited, New Standard Engineering Co. Ltd.,
TELCO(Machine Tool Division), Alfred Herbert

(India) Ltd. and Kulkarni-Black & Decker Limited.

In 1979, the installed capacity of the Ind-
ian machine tool industry was 17,500 machine tools

per annum with a value of :oughly Rs. 1800 million.

In addition to the organised sector engaged
in the production of machine tools, the small-scale
manufacture of machine tools, accessories and
allied equipment has expanded rapidly. This is
evident from the hundreds of small units located
in the states of Punjab, Haryana and cities like
Rajkot, Kolhapur, Jamnagar, Bangalore and Coimba-
tore. These small units produce knee-type milling machines,
planing machines and some unsophisticated models
of grinders, The name Batala lathe has almost
acquired a special connotation in the Indian con-
text., Batala in the Punjab is the home of hundreds

»f small units producing a variety of ungraded




- 178 -

machine tools which sell for a fraction of the

price of graded machine tools produced by the
organised sector. The Batala phenomenon demons-—
trates that the production of machine tools need.

not be confined to capital-intensive large fac-
tories but could be spread over a large number of
small units to produce the components and to
assemble tnem at some central facility. The Ilow
wages and the reasonable overheads are responsible
for the lower prices of the products. If modern
designs, refined production technology and quality
consciousness can be infused into the entrepre-
neurial fervour of this sector, then larger units

can concan-rate solely on the production of sophisti-
cated machine tools and equipment and acouire the
components from the small sector for producing modern
designs of machine tools, This is what is presen-

tly hapvening in the Indian machine tool industry.

As a result of the large output of machine
tools, the metalworking industry in India grew to
include over 15,000 factories employing about
1.2 million workers, with a machine park of

315.000 machine tools, about hualf of which were made
in India. The total industrial production in the

country today is estimated at Rs 200 billion per
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annum. with a little more than 50 per cent heing the con-

tribution of the public sector.

Ancillaries. The development of ancillaries

to relieve the larger units from the responsibi-
lity of making all the components has become
established in India. There are several industr-
ial estates started either by the large-scale
manufacturing houses or by the State and Central
Governmzants providing the main infra-
structure like building, power, water supply

to innumerable entrer-eneurs, some of them

qualified technocrats,

The ancillary industries not only support
the parent industry to meet the techno-economic
necessities of the competitive market but alsc permit
the diffusion of ownership and managemente The
importanc~ of ancillary industries was first rea-
lised in India when the bicycle manufactcurers of
the Punjab made use of the products of ancillary
units and succeeded in producing quality bicycles at
a much lower cost than those made by large-scale

units elsewhecre in India,
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The machine tool industry in India estab-
lished ancillary wunits in the beginning of 1960
and the advantages accruing to the parent units
were evident from the fact that subsequently more
ancillary units were started all over the country.
In 1979, there were 95 industrial estates in the
country catering to the needs of larger manufac-
turing units. The current level of ancillarisa-
tion in the machine tool industry is about 25 per cent.
This level will get progressively enhanced with
the growing reliability and the techniczl ability
of the units *o produce complicated comporents
with required accuracy. Already signs are evident
that ancillarisation is bound to grow in future
because of the unmistakable advantages of inter-
dependent industrialisation which will not only
serve the needs of the industry but also of the
community in terms of larger employment potential,
enhanced purchasing power and broad-based ownership

conferred by a competitive economy.

Exports. The Indian machine tool industry
started exporting its products from 1955 onwaids.
But till 1962, the export performance was almost

negligible. In 1962, exports wers worth just over
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Rs 1 million. An organised axport drive pushed

the exports to Rs 6.6 million in 1966 and this

again rose to Rs 30,5 million in 1971. The ex-

ports touched Rs 81,8 million in 1975 when Indian

machine tools were exporied to Europe, South-east Asia ar. the
United States. The maln products exported were

centre lathes, turret and capstan lathes, radial

drills, single column pillar drilling machines,

knee=-type milling machines, cylindrical grinders,

surface grinders, tool sharpening machines and

power presses.

There was an impressive increase in exports
in 1976 when the value climbed to Rs 169,2 million
representing a twofold increase over the export
performance of 1975, After a minor set-back in
1977, when exports drorped to Rs 136.6 million, the
industry again improved its export perfarmarcce in
1978 when it sold Rs 205 million worth of products
abroad. In 1979, machine tool exports rose to an
est.mated figure of Rs 210, million. The 10 lar-
gest imrorters of Indiannachine tools in 1978
were Australia, the Federal Republic c¢f Germanv, Hurgary,
Iraq, Kenya, the Netherlands, the United Arab'Emirates,
the United Kingdom, the United Republic of Tanzania and
the United States of America. _ Tahlr 2f shows exncrts
from 1962 to 1979 in relation to indigenous production and

imports,

|




THE INDIGENQUS PRODUCTION, TRADE AND CONSUMPTION

OF MACHINE TOOLS IN INDIA, 1962-1979

(Value in % million)

A

YEAR PRODUCTION

B

C D E Y
SHAR® QF
IMPORT EXPORT CUNSUMPTION PROZUCTION IN
CONSUMPTT N
(percentage)

1962 14,0 260,.4 01.1 363.3 29
1963 167.8 315,90 01.0 481.8 35
1964 209.8 3u4, 4 01.2 553.0 38
1965 254.8 349.3 01.4 602.7 42
1966 284.8 429.9 06.6 708.1 40
1967 25L.7 394,0 D6.7 642,0 Lo
1968 206.3 362.5 18.6 550.2 37
1969 266.8 189.9 29.5 427.2 62
1970 372.3 183.0 27.9 527 .4 71
1971 502.5 217.0 30.5 689.0 73
1972 494,.6 236.4 21.9 710.0 69
1973 622.6 286.7 36.9 872.4 74
1974 8444 294,50 71.2 1107.8 80
1975 1040,3 440,5 81.8 1399,0 74
1976 1168.5 444 .9 169.2 1444 ,2 81
1977 1095.7 357.2 136.6 1316.3 83
1978 1210,5 400,G6  205.0 1405.5 86
1979 1544,.3 - 210.0 - -

Source: Indian Machine Tool Manufacturers Association

a/ B x 100.

E
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In 1979, apprcximately 14 per cent of ihe production
of the Indian machine tool industry was exported. The
Indian machine tool industry has set itself an export

target of Rs.750 million by the yvear 1984,

A significant feature of the export perfor-
mance is that now even small-scale units are
producing machine tools for export in addition to
the manufacturers in the medium and large sector.

Indian machine tools are now exported not
only to advanced countries like the Federal Republic of
Germany, the United Kingdom and the United States but also to
the developing countries of Africa and Asia. The machine tocl
industry has demonstrated its ability to sell in the
highly competitive world markets. In the past
the exports were channelled mainly throngh foreign
agents and importers. But now more interest is
being shown by reputed foreign manufacturers who
are approaching the Indian machine tool builders
to get machines built in India for export to over-
seas market. In addition, leading firms like "IMT
have their own network of world-wide export branch
offices through which they inport their machine
tools and distribute them to the dealers ir the res-
pzctive countries. They maintain fully-fledged.

factory-trained teams of service engineers and hire
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mostly locals for carrying out the selling

operations

e Indian machine tool industry is cons-
tantly demonstrating its capabilities by
participating in almost all important internat-
ional exhibitions in the highly industrialised
countries, In addition to the well-known
foreign «xhibitions like EMO and the International
Machine Tool Show, Chicago, United States, the
Indian Machine Tool Exhibition, IMTEX, regulariy
organised by the Indian Machine Tool Manufactuiers

Association (IMTMA), attracts a large

number of foreign buyers.

Besides export of machine tool products, the
Indian machine tool industry has started in a
modest manner to export its engineering services
and management consultancy. The leading mach-
ine tool manufacturers like HMT have undertaken
to establieh turnkey machine tool projects abr-
oad mainly in the Asian and African countries.
Their expertise is also being utilised by the
countries abroad in setting up machine tool
training centres as well as in-factory training
of foreign manpower in skilled trades and in

engineering disciplines like planning and shop
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supervision of manufacturing processes.

It is expected that the invisible export
of softvare expertise in machine tool techn-
ology could contribute substantially to the
foreign exchange earnings of the Indian machine

tool industry as a whole.

Research and Development. Although

some leading machine tool manufacturing companies
in India had their own design and development
departments around 1960, organised design and
development activities in the field of machine

tools seem to have begun from 1965 onwards.

It took a long time to <stablish production or the

machine tools whichk were indigenously designed at the
heginnine of the 1960s5. but slowly

Indian R&D engincers and productiin technologists
acquired the ability to designland put into produc-
tion . general —urpose machine tools in compa-
ratively less .than over a decade. During 1960-1970,

though, the production of indigenous

designs of machine tools was slow, yet several
designs of general purpose machine tools were
evolved and, sim:ltaneously, Indian designers

were acquiring knowledge and ability to tackle

designs of more complicated machine tools.




- 186 -

The collaboration agreements with foreign
machine tool manufacturers were necessary in the
beginning to speed the process of growth of the
indigenous machine tool industry and &< an essen-
tial component for the training and davelopment
of engineers, technicians, designers, pianners, managers
as well as skilled operators. But reliance
on foreign collaboration for the technical know-
how to produce machine tools has had its own
limitations in regard to the production of more
advanced and high productive automated machine
tools. The country realised that there was a dan-
ger in perpetually depending upon foreign sources
in this regard. The short-term gains of import-
ing designs and technology to fill specific mar’ et
requirements were responsible for concluding many
collaboration agreements in the beginning. But
importing technology on such a larye scale in a
vital field like machine tools could not continue
indefinitely, apart from on a selective basis,
because of the fear that foreign sources would
not always respond positively when more modern and

highly sophisticated and export-oriented designs

and production technologies were concerned.

The Indian machine tool industry is conscious

not only of the need to establish in-house R and D
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activities but also of the useful role of iastitu-
tionalised R&D, particularly for the benefit of
small and medium units which do not have the benefit of the
resources required tc¢ sustain zdvanced research
and development work in an in-house manner. Hence
the industry attached high importarnce to
institutional R&D which could generate know-how

by creating facilities to evolve, try out and es-
tablish modern concepts leading to designs, con-
struction and testing of new models and prototypes
of maznine tools. The Indian mach.ne tool indus-
try dire~ted the institutional R&D establishments
to i.vestigate and evolve technologies which

coald augment capabilities in product design, pro-

duction processes and engineering systems.

The Government of India took the initiative in
the matter of institutional R&D and set up the
Central Machine Tool Institute at Bangalore (CMTI)
in 1965 which was to act as a nucleus for insti-
tutional Ré&D. CMTI was established by the
Government of India in collaboration with the
Government of Czechoslovakia. In the last 15
years, CMITI has been able to develop several machine
tools with indigenous technology and more impor-

tantly train hunireds of machine tool designers
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and production technologists for the indus-
try. As a resull, a number of machine tool
manufacturers particularly in the 'nedium and small
sectors have been taking advantage of the expert

services rendered by the Institute,

The activities of CMTI have grown both in
size and content., Besides undertaking designs
and development assigrments and conducting

training courses for machine tool designers,

technologists and production engineers for “the
machine tool entrepreneurs, it has widened its
facilities to carry out research in the testing of
machine tools, machining technology, metrology

and numerical control systems,

An NC Centre is being established at CMTI
by the Govermment of India urder the United
Nations Development Programme (UNDP) to provide
assistance to the metalworking industry in all
areas related to numerical control, Train-
ing of personnel from user industries, demnons-
trating the technology of mamifacture using num-
erical control, advising on the selection of NC

equipment, and undertaking development work in the
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field are som~ of the items on the programme
of work of the Centre. So far, over 300 industry-
sponsored participants have attended

these courses,

The Centre undertakes machining of parts
on NC machines to demonstrate and prove quality
consistency and economics of machining, For
this purpose the Centre is equipped with a 5-axis
machining centre, @ 3=axis miliing machine, @
2-8xis cylindrical grinder,and two NC lathes.
A minicomputer and a co-ordinate measuring ma-

chine have also been installed.

Personnel from industries can bring in their
parts, programme them, edit the programme, plot

it on a Co-nrdinate Plotter, tool-up the machine,

use the tape for actual machinirg and produce
the parts in a limited quality to ascertain repe-
titive accuracies, manufacturing times, economics

etc.

Cempanies intending to acquire NC machines
can utilise the facilities in the Centre for trial
machining and decide on the specifications of

the machine they intend buying. Consultancy services
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are also offered in the selection of NC mach.
ines, control syste.s, part programming languages,
post processes, supportin¢ and maintenance aids

etc.

As regards development activities, a CNC
system using a microprocessor-based computer is
in its f.inal stage of assembly and development.

A microprocessor-based tape preparation system
to punch and edit th: tapes has just been intro-
duced and the first few units are being supplied
to a couple of users. The Centre is considering
developing software for the static stimulation of
machine tool economics, process planning, prod-
uction scheduling etc. 1leading to the implemen-

tation of computer-aided manufacturing (CAM).

As far as in-house R and D is concerned. as is common
elsewhere in the industrialised countries, large
manufacturers of machine tools in India are con-
tinuously strengthening their in-house R and D in
machine tool design and production technology.

For instance, HMT are puvting up a separate and
expensive building to locate their entire research

and 4 elopment activities. The Centre is expected

|
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to evolve conceptual designs, latest periphe-
rals, controls, in-preocess gauging aystems and
building and testing of prototypes exhaustively,

before the cammencement of serial production.

A systematic modernisation of their exist-
ing designs of machine tools, to update themto
the latest international standards, is ore of

the main activities of this Centre.

Recently, the Govermment of India has
instituted certain measures.

A new enactment dictates that no new
imports of designs and technology by an indivi-
dual manufacturing concern will be permitted
until and unless the enterprise proves to the
satisfaction of the Govermment that it has its
own strong R&D basé. wh=reby not only will the cor-
rany absorb and adapt the imported technology,
but it will continuously strive hard to depend
upon its own R&D efforts for future ii.iovations
and improvements in desig¢n and technology. Many
fiscal iuncentives were granted in India's
Annual Central Budget for 1980 for the growth
of R&D activities in the manufacturing indust-

ries.

-




- 192 -

In spite of the impressive strides made by the
indigenous machine tool industry, an ever-widening
technology gap is separating India from the
industrially advanced countries producing machine tools.
In fact, the Indian machine tool industry is presently
at a crossroads; with one route leading to highly
productive, automaved machine tools and advanced
computer-aided manufacturing systems, and the other
route leading to a labour-intensive
approach which, according to ore view, could mewun
stagnation for the entire industry. One way of putting
the Indian machine tool indusiry on a more modern footing
could be vhrough the tecknologically advanced thrust of
the metalworking and capital goods industries - particularly
transportation, communications, power generation and arma-
ments - which are on the threshold of a great
technologicel breskthrough and need highly advanced types
of machine tools and very sophisticated productior

technology.







