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EXTLANATORY NCTES

References to dollars (3) are to United Situtes doliars,
unless otherwise stated.

The views expressed in this docunent are those of the author and
do not necessarily reclect the views of the secretariat of UHIDC.

The designations employed and the presentation of the material
in this document do not imply the expression of any opinion whatsoever
on the part of the Secretariat of the United Nations concerning the
legal status of any country, territory, city or area or of its autnori-
ties, or concerning the delimitation of its frontiers or boundaries.

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 rurees. In 1980,
the value of the rupee in reiation to the dollar was $1 = Rs T7.95.

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

AJM abrasive jet machining

ATC automatic {00l changer

BHN Brinell Hardness Numbur

CAD computer-aided design

CAM computer-aided marufacture

CBN cubic boron nitride

CHM chemical machiniag

CIRP International Institution for Production Engineering
Research

CMEA Council for Mutual Economic Assistance

CMTI Central Machine Tool Institute

CNC computer numerical control

CPU ceutral processing unit

CRT cathode ray tube

CUCPE 2“ranfield Unit for Precision Engineering

dB decibel

DC direct current

DCs developing countries

nCS diajyrnostic communication systems

DNC direct numerical control

DRO digital readouts




EBM
ECG
ECM
EDM
EEC
EMO
ENIMS

EPROM
FMS
GM
GPMs

HIP
HMT
IBM
IC
ICAM
TMTMA
LAFTA
LBM
L3I
MDI
MVA
NC
NICs
NMTBA
OBI
PAM
PC

PM
PROM
PEI
PUMA
RAM
R%D
ROM
rpm
SCFMO
GCR

(ii)

electron beam machining
2lectrochemical grinding
electrochemical machining

electron discharge machining
European Economic Community
European 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 Mackine Toocls Ltd.

ion beam machining

integrated circuit

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

laser beam machining

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

megavolt-ampere

numerical control; numerically contruvlled
newly industrializing countries

National Machine Tool Builders Association
open back inclinable presses

plasma arc machining

programmable controllers

powder metal(lurgy)

programmable read-~only memory

pounds per square inch

programrable universal machines for assembly
random access memory

research and development

read-only memory

revolutions per minute

Syndicat des Constructeurs Frangais de Machine-Outils

silicon-controlled rectifier




SIP
UAW
UCIMU
uMC
UMS
USM
VLSI

vuoso
WJce
WIM

(iii)

Scciété Genevoise d'Instruments de Physique
United Auvto Workers

Unione Construttori Italiana Macchine Utensili
unmanned machining centre

unmanned manufacturing systems

ultrasonic machining

very large-scale integration: v~~y large-scale
integrated circuits

Research Institute of Machi.e Tools and Machining
water jet cutting

water jet machining
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This study consists of three parts: Part ~ comprises
a global rzview o the machine tool industry which includes
a case study of the machine¢ tool industry in India;
Part II considers prosnective technological developments in
the machine tool industry of the develooed countries and
Part III Aiscusses the implications for developing countries of
technologica. developments in the machine tool industry and

contains recommendations, annexes &nl a bibliography.

The studv is based on rsplies to a cuestionnaire sent
to ieading machine tool manufacturers, designers, pro-
duction engineers, machine tool technologists, researchers
and teachers in pnroduction technology and machine tool users
throuchout tﬁe world. While preparing the study; the - author
attended the 30th General Assembly of the International
Institution for Production Engineering (CIRP) held in Australia
in September 1980 and he has drawn on the insights gained

from discussions held with some of the members of the CIRP

and from subsccquent visits to machine tool research
institutes, Anne:x contains an extract from a report of the
Technical Policy Board of the the Institution of

Production Zngineers, Unit~d Xingdom; the questionnaire referred to
above is reproduced in Annex 1] and the names of the companies,
institutes and individuals visited by the autnor are

given - 1 Anne:: III,
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PART THRFFR

THE IMPLICATIONS OF TECHNOLOGICAL DEVELOPMENTS

IN THE MACHINE TOOL INDUSTRY FCR DEVELOPING COUNTRIES

INTRODUCTION

To Q discerning Obscrver, it is ovident
that there hns Yeen a tremendous dovelopment in
zhe industrizlised countries over the nast three
d~cades in the machine too:r industry and ceonze-
cuently in the production teochnelogy ecmployed in
the metalvorking industry. Most sxzod tacular
are the foresz avble future tiends in dev-lopment
in the indusirialised nations which ceould carrv
the industry to such a high deare> of automation/
sophisztication that it is questionable whether such
tochnologicnl advoncements could cven cause harm
and crecate social ~nd ..uaman nroblcms mainly due
to a large numbcr of unmanned machining orcrations
and unmanned factorics in the metalvorking industry
as a vhole. No one can say with certainty what is
going to be the secnario in the highly leveloped

countrics in tko future but this much iz clear,

that such enormous technological advances would

result in a 30 much wider technological gap that
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it might Ye more difficult than ever for the developing
countries  to cope with the advancements. Not

only would the technologicel gap considerably

widen, but such a situation could c¢rceate a larger
~conomic imbalance and greater disparity between

the Ncrth and the South then at present.

However, the Iack of technological aevelopment 1n

machine tool production and thes metalworking
industry as a whole could be to some e:tent

offset if the developing countries make
determined cfforts to nusn their respective

prcgrammes of industrial develovment
in qgeneral, and the production of capital goods in-
cluding machine tools in particular, in line
with some of the latest and advanced technolo-
gical developments taking pnlace in the industri-

alis~d nations in this field.

In the following pages an attempt will be made to
analyse the implications f£or developing coun-
tries on two major counts: technological and
economice Naturally, for the purposes of this study
the technnlogical implications will receive wider
coverage although the ecoromic aspects as well will

be touched on briefly.
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Dre tc the technolory wap =nA the ecorr=ic gap,
the implications of the large-scale techrological devslop-
ments in machine tool and manufacturing methods,vhich are
taking nlace in the highly industrialized countries, are

each in their own wav Aifferent but, nevertheless,

interrelated.

The technoloov eap raml? most Tikelv

result in continued ~conomic underdevelopment and

consequent vorserty in a greater part of the deve-

loping world. Zven so, in this study attempts have been made
to deal sceparately with the implications of the
technological gap and the economic gap for the deve-

loning coun+tries.

Jo e




- 396 -

I. THE TECHNOLOGY GAP AND ITS IMPLICATIONS

Anong the doveloping world, some of the

newly industrialising countries (NICs), like Argertina,
Brazil, China, India, Mexico, Portugal, the Republic

of Krrea and Singapore, have well-established machine
tool industries of their own.

In the last thirec decades, some of theom have been

abl> to make significant progress in developing their respec-
tive machine tool industries mainly through acqui-

ring 3esigns and manufacturing technology from
transnational corporations. The case study

of the Indian machine tool industry, cove.2d ir Part I,
section VI of this study. abundantly reveals this phe-
nomerion, The Indian machine tocl industrv has heen

built primarily on thz fo:ndation of the transfer of
machine tool technology which has taken place over

the last _hree decades between machine tool manu-
fa-tureors in the industrialised coun:iries and

Indian enternrises both in the public and orivate
scctors. Up to 1979, as many as 113 major techni-

cal collaborations (licensing of designs and know-

how and joint vantures) for the production of




several tyoes of machine tools hav: taken rplace,

viz. Czechoslovakia (4), Federal Republic of Germany (20),
France (7), German Democratic Republic (7), Italy (6),
Javan (7), Switzerland (5). United Kinedom (29). United
States (1h4); the others were with countries like

Belgium, Poland aad Sweden. An almost similar pattern of
development has taken nlace in the machine tool industry
in the other NICs 1ike Argentina. Brazil.

Mexico and the Republic of Koresa.

Besides, thes~ countries havz simultaneously
striven hard to build their own capabilities in
developing new designs of machine tools - mostly
general purpose machine tools - and it can be
saiad that many of them undoubtedlv have become
almost self-sufficient in their n=eds for general
purpose machine tools. Some a‘ivanced types of
machines like special purpos=2 machines, some tyr
transfer lines, single and multi-spind.
automatics, certain types of gear cutting machines,
horizontal and vertical boring mills, commonly-
needed designs of grinding machines of cylindrical,
intermal and univarsal types are also
being produced in these countries. The efforts

made by the governments of the respective countries
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to develop the infrastructure necded for the machine
tool industry and to give the industry hieh priority
in the overall industrial plan of d>velooment and
other financial and fiscal supports have been

more or less on similar lines to what has haprened

in India, Some of the countries, like Mexico, which do
not at present have institutes for R&D in machine
tool design and technology have been seriously
contemplating establishing thes2 facilities as

well on a priority basis.

The develooment and growth of the machine tool
industry in these newly .ndustrialising

comntries is satisfactory and they are today,
able to e:mport nart of their production, varying
from 5 to 30 per cent, not only to countries in
Africa, Asia and the Middle East but also to hichly
developed areas like North America and Zurone and countries
like Australia, New Zealand and the United Kinedom. In fact
thesz developing countries compets against each
other on world markets aud even face effec-
tively the competition from devoloped countries
like the Federal Republic of Germany, France, 1t8ly

and Spain.

Sowe of tuese countries, notably Brazil, India and

the Republic of Korea,have also entered into
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the NC linc of machine tocls. Taey produce simple
machining cen=res, turning centres and turret centres

and MDI (Manial Data Input) controlled l=zches,
milling machinas and drills. The technoslogical level of
the machine tool industry in some of these countries

has been described in Part I of this study. From

these details, it can be seen that the machinc tool
industry's technological progress in most of these
countries has been mcore or less at the sare level,

though some of them like Brazil, Izdia and the Republic

of Korea are somewhat more advanced than others.

However, tvhen these developments are compared
with those taking place in the highly developed
nations and marticularly viewed against the back-
ground of the futurc technological development
in machine tools and manufacturing methods in
these develoncd economies, it is noticeable that
thet even the newly industrializing countries
are far behind the highly developed nations

and therc will always be a great disparity
in the technological levels between the developed
and developing nations. Even so.

it i8 necessary

and imnortant for the developing countries to




make efforts continuously in ovelving new designs

of mnachine tools resuir~d in the a-vanced rroduc-

tion technoloqy of their metalvrorking industry.

A careful look at the details of the
machiae ©OYg being imrortzd by the leveloring
councrics from ycar Lo yoor will reveal

that in spits of the productiorn chowing a quan-
titative incre.se over the yerrs, there coxists a
considorablec gap both in the —rouction range ~nd
machine tcol t-—chtnology tween the developing countries

and the industrially advanced countries.

The vact dev:zlonmnnts that arce (olzing place
in the roslm of the metalworking and capital goods
industriec in the developed countriez can be direc-
tly ~ttributed to:A(a) the evolution of modern machine
tool mechanics and design; (b) cutting tool materials
and vool geometry; (c) machine tool controls; (d4) manu-
facturing systems. By
comparison, the progress taking nlace in these areas
in the newly industrializing countries
iz insignificant. 1In the least “cvcloped
countries, with little mamifacturing industry,

the question docs not arise 2t all,
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(a) Machine tool mechanics and design. In the field of

machine tool mechanics and design, developing

csuntries lag far behind. The majcsity of the machine

tools being produced in these countries have been
licensed from transnational corporations. For

cne thing, it is not expected that these designs

would, in all cases, be the latest desions because if the

latest designs are the main export items of the deve-
loped countries, the licensors would not easily

agree to transfer the designs and know-how to build

them elsewhere. Even 1f it weve possible to obtain

the agreement of the licensors to grant manufac-
turing rights for some of these advanced designs of

machine tools, it would certainly take a

large amount of resources to be invested by the
licensee by way of licence fees, royalties, produc-
tion facilities like plant and machinery and above

all, extensive training of technlcal and production

personnel to be able to master the whole process of

producing the sophisticated designs of the machines.

More important is the fact that in the developing
countries, a sufficientiy large volume of demanA

cannot be expected currentlv for some of these highly

sophisticated machines.




It should be noted that

stch highly advanced designs are developed to

meet specific demands of the machine-tool-using
industries. For example, most of the latest

designs of machine tools have been developed by

the machine tool manuf:cturers in the industrially
advanced countries at the request of the user
industries like the aerospace, aircraft, automotile,ar-a-
ments and engireering industries, which sometimes
even ex:tend to ~achine tool manufacturers guarantees
of purchasins cconomical numbers and paying adequate
prices for the development endeavour in producing

such advanced designs of special machine tools.

In some cases, these could also be projects spon-

sored by the machine-tool-using industrizs.

In the absence of such growing and highly
advanced machine-tool-using industries in the deve-
loping world, there could not be any sizeable
demand for these highly complex and very costly
machines and equipment. Furthermore, such advanced
designs are continuously undergoing changes and be-
fore these get stabilised, close dialogue, co-operation
and vunderstanding is required between the produ-

cers and the users. In the developing countries
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the prevalence of similar situations on a2 large

scale cannot ve expected.

Many of the new design concepts have nc rele-
vance in the developing countries. The art of high-
speed machining has yet to be learnt and mastered in
these countri-s. Neither have they any need pre-
sently for such highly productive machine tools nor -
their technicians and workers nossess the required
confidence in machining at very high rates of metal
removal, using super high-speed heavy duty machine

tools driven by high horsepower motors.

Although compiiter-aided design is catching up i. some
of the newlyindustrialising countries,
it is restricted to certain applications like bed
and column design calculations, gear drives and the
design of main spindles. Computers are mainly
employed for checking the designs of machine ele-
ments and unit assemblies after the prototypes
have been built on empirical designs. Further-
more, facilities for such work are far to& limited
and perhaps available only at the machine tool
research institutes and some of the universities

teaching machine tocl technology.

T




It may be concluded that the incentive for evol-

ving new designs of advanced machine tools is de-
pendent on the production technology employed by
the main machine-tool~using industries, namely the
metalworking and other engineering industries.
Advancement in machine tool design oer se has no
advantage unless it is neezded in the capital
goods and other metalworking industries. Hence
it is very necessary to update the manufacturing
methods employed in th2 metalworking industries
on the pattern of the industrialised countries so
that there is sufficient incentive, scope and de-
mand for developing more modern designs of machine
tools, particularly the numerically controlled-electronic
(NC) machines, machining centres etc., so
that these éould be integrated in the modern manu~

facturing systems in the metalworking industry.

It is also the experience of the developed
world that improvements in the production techno-
logy of the metalworking industry take place if
advanced types of machine tools are produced in
the country which increase the production
and improve the quality and bring competitiveness

by reduction of costs of the end-products of the
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metalworking industry. In actual practice, how-
ever, both these things happen:; namely, improve-
ment in manufacturing systems takesplace in the
machine-tool-using industries through the avail-
ability of advanced and highly productive machine
tools like NC machine tools, and also the ad-
vanced designs of machine too’s are made available
to the using industry if there is sufficient demand
for theni. Hence, the technological gap in the
machine tool industry could narrow down if
modernisation takes place in the production tech-
nology employed by the metalworking industry, which

after all is the main customer for machine tools.

In sum, attempts at evolving original designs
of advanced machine tools have just begun in
NICs recently, particularly in the field of
special purpose machine tools and transfer liines,
New concepts in machine tool designs, suitable for
NC and high precision work, are just being thought
of in some of the developing countries. Through
the process of acquiring imported designs and pro-
duction know-how and the laborious process of modi-
fying and adapting these to suit local condi-

tions such as the kind of plant and muchinery available




externally-jurchased i.ems, raw materials and market

needs, machine tool designers, technologists
and broduction engireers. some of the develop-
ing countries have gained some experience to .
tackle complex prcblems asscciated with the deve-

lopment of original designs of modern machine tools.,

All this, however tckes time aud if the metalworking
industry were given the correct incentive to grow
modern and productive, the developing countries ;
wvould in the course of time he able to narrow
the technological gap in machine tool mechanics
and desiyns to some extent. But taking into con-
sideration the situation of the market :and the
resouices available and above all the extraordinary
advancement in technology taking place in the advan-
ced world, it is to be expected that there w>uld
always b~ a technological gap in machine tcol tech-
nology retween the developing countries and the
developed world which it would be difficult te bridge
completely within the time horizun of the next two decades.
However, atcempts will have to be made by the deve-
loping countries to improve their machine tool mecha-
nics and designs so that there is an appreciable advar-
cement in the production technology of their metal-

working and capital goods industryv.




(b)Y Cutting tools. The extensive

use o0: acdvanced types of hard and extra

hard cuzting tool. depends on the designs and types
of machine tools in operation in any country. It has been
observeda that some of the developing countries,
mostly the newly industrialising count-
ries, do use high production, high precision, high-
speed and heavy powered machine tools for certain
applications. In these instances, it is possible
that these countries use many highly

specialised tools like tungsten carbide, coated car-
bide tools, throw-away tip tools and diamond tools.
Some of the well-knowrn transnational companies

manufacturing cvtiing tools, like Krupp WIDIA of

the Federal Revublic of Germanv and Sandvik of Sweden. either

have their own factories or joint ventures jn s-me of the

developirg countries, Heénce tuey are in a position
to provide advanced types of tools like sinte_ed

carbide tools, tungsiten carbide, coated carbide and
throw-away carbide tip-tools for use in conjunction
with some of the more advanced high-powered machine

tool~, many of them imported. In the aircraft.

space, automobile and other metalworki..g engineering
industries, tnese advanced tvpes of cuttine tools are
extensivelv used in some of the developing

countrie.,
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However, ceramic tools, special tools needed
for the tool changers for machining centres and
high precision diamond tools are being imported
since the use of these hinhly advanced types of
tools is very much restricted in the developing

countries.

Extensive use of highe-speed tools, particu-
larly for steel-bar work and machining of steel
castings, is still a common feature of the metal-
working industries in the developing countries.
Carbide tools are primarily used for machining
cast iron components. Even so, for certain appli-
cations, carbide tools and cutters for machining steel
components and cast-steel items are used, due to tne
availability of appropriate ana petter types o1 caibide
tip tools and milling cutters manufactured by the trans-
national companies operating locally in the developing
countries.
For instance, tungsten carbide tools and cutters
are commonly used in single and multi-spindle
automatics, transfer lines and similar advanced
designs of machine tools, even where steel compo-
nents are being machined. Metalworking industries

in the developing countries have started using
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carbide tools, cutters and throw-away tip tools

like T-Max for several applications.

However, due to various reasons mainly on
accour.t of the absence of fierce competition in
the domestic market for capital goods and other
products, and in sone cases on account of a pro-
tected market and insufficient export trade,
currently there appears to be less compulsion
to eploit the full potential of such advanced
types of cutting tools. Perhaps this is partly
also due to the inexperience on the part of

machine operators in developing countries.

(c¢) Machine tool controls. One of the

most glaring technological gaps between the deve-

loped countries and the developing countries is

in the area of micro-electronics. There has been

some growth in the electronies industry in some

of the developing countries but this has been mainly
to meet the requirements of the consumer/entertainment
sector and to some extent, communicatiorns and arma-
ment sectors. Though the use uf computers for

office purposes is comparatively well established

in some of the Adevelioping countries, the in-

dustrial application of modern computer technology, .owever,

is almost absent in these countries,
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In the advanced nations, the main instrumeat
of change is the electronic data processing
machine, so tiny and yet possessing amazing capa-
bilities. This remarkable device is the micro-
computer, also known as 'computer-on chip'. In
its confiquration, it consists of just that:
complex circuits on a chip of silicon about the
size of a small shirt button. Yet even a medium
strength micrccomputer can perform 100,000 cal-
culations per second. If there is any technolo-
gical gap which is going to widen greatly be-
tween the industrialised and developing nations,

it is perhaps in the area of computer science.

Some of the machine-tool-producing develop-
ing countries have also started producing NC
machine tools but the controls belong to the older
generation where coded tape is the heart of the
NC which consists of the sequence of the machi-
ning operation, machine position, spindle speeds,
feeds etc. But in the last 10 years in the
industrially advanced countries, NC has under-
gone phenomenal changes. NC, quided and
controlled by a computer, viz,, CNC, is the heart
of NC machines like machining centres extensi-

vely produced in the industrialised countries.
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These types of controls including miniccmputers
are not manufactured in the develop-

ing countries, although some imported CNC
controlled machining centres are used in some of
th2 developing countries. These machines come
with the executive programmes developed by the
manufacturers in the form of standardised system
designs. A knowledge of software design and systems
integration is necessary in all new production/
manufacturing systems, A good software designer
will be able to maximise hardware utility and
create flexible systems that others can repair
and alter. Such personnel are rare to find in
the developing countries and this in itselr is
a great hurdle for the further development of compu-
ter control of machine tools in the developing

countries,

The manual data input (MDI) type of control sys-
tems which go beyond the digital readouts (DRO)
are used in some of the developing countries 1like
Brazil, India, the Republic of Korea and Singapore.
Centre lathes, knee-type milling machines,
drills etc. are provideé with this control system
which is in itself an advanced step to DRO. How-
ever, modern MDIs developed and employed extensi-

vely in the industrialised countries are micro-
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processor-based types, which eliminate the tape
reader which is normally a source of troible.
Although there is a great scope for such types
of MDI controls i1n the developing countries
these are not produced by them at present.

The few encountered in thase countries
are imported and suffer from the inadequacy

of the programmers.

(d) Manufacturing systems (production

technolqgl). The combined effects of technological under-

development. in some of the above main areas

like machine tool design, cutting tool techno-

logy and machine tool controls, as zould be expected,
result in considerable underdevelopment in

manufacturing technology as a whole,

During the last three decades in some of
the newly industrializing countries, there
has been some progress achieved in the area of
production engineering. In the first decade,
many developing countries which initiated the pro-
duction of capital goods and metalcutting and
other engineering products did so primarily
with an idea of import substitution to save

foreign exchange. This gave the countries a
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certain degree of self-sufficiency and saved to
a large extent foreign exchange resources as
the latter had been the main bottle-neck in their
economics.In the initial stages, the designs which
7ere licensed and a few which developed indigenously
were those which were being slowly phased-out by
the developed nations. In the initial stage of
development, costs, prices and to some extent even
the quality of metalworking products did not
receive adequate attention in the main drive [
to save foreign exchange through import sub-
stitution. These and other unfavourable condi-
tions are not healthy for the sustained growth
and modernisation of the metalworking industry.
Since labour in most of these countries was plenti-
fully available, the primary objective it
appears had been to train and employ personnel wherever
possible, thus making the production technology

highly labour-intensive.

In the second phase, the main machine-tool-
using industriez viz., capit.l goods manufactu-
rers of products like automobiles, locomotives,

electric motors, power generators and diesel engines—

in order to improve their designs, costs
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and competitiveness - started demanding modern highly
productive machire tools so that these could be

readily employed in the design and production tech-

nologies which ttey had imported from their collabo-

rators in the industrialised countries. Thus -
to some extent conditions were created in some of

the developing countries (mainly the newly indus-
trialising countries)wh=reby machine tool
customers became more productivitv-conscious and de-
manded that the general purpose machine toolssupplied
by the manufacturers should be fully tooled-up cr
should be suitable wuen tooled-up for performing
certain specific operations Or for the production of certain
components. Not only were quality standards rieidlv
insisted upon, but floor-to-floor timings for dif-
ferent operations were strictly stipulated. With
this, there was some improvement in the performance

of machine tools through better and modern designs

and production technology. Also many of the machine
tool manufacturers made arrangements with advan-
ced countries for the licence to manufacture better and
more modern types of machine tools like single

and multi-spindle automatics, single and special

purpose machines and transfer'lines for mass produc-
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tion, certain types of gear hobbing machines, pre-
cision hydraulic grinders, horizontal and vertical
boring machines, production jig boring machines,
centre lathes of much improved design with faster
speeds and higher horsepowver and generally all
machine tools designed and powered for the use of

carbide tools.

However, over the decades, the developing coun-

tries, mainly the newly industrialising
countries, have been almost stagnant in their pro-
duction technology mainly because they have peither a
strong base nor the support of computer technology. The
advanced world has undergone almost revolutionary
changes in productior technology using the immense
capabilities of computer technology. Today the
production engineers in these developed economies
have at thelr disposal machine tools, cutting tools
and unimaginable facilities of micro-electronics
to de-elop software systems to evolve highly produc-
tive systems of manufacture like flexible machining
systems, computer-aided mamnufacturing systems and
computer-aided designs. and graphics. with

intelligent robots to perform many tasks like mate-

rials handling and loading, instruction and selection
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of parts as described in sections VI and
YII of Part II of this study, the unmanned
factory of the future in the developed covntries is
shaping up much faster on computer than previously
estimated. The repercucs..ons of this

on the labour market in the developed countries

is going to be more harmful to migrant workers
from countries like Greece,

Yugoslavia, India, Pakistan. the Philippines and
countries in Africa, Asia and the Caribbean.

since they will be the first to be out of jobs
because of automation. ~Pakistan, for example,
receives as much earnings in foreign exchange

from its workers abroad as from its total exports.
The same perhaps to a lesser degree could be

true of other developing countries in

Asia, Africa and the Caribbean, as well as Greece and
Turkey. But wnen these migrant workers become insecure c¢ue
to various reasons, one beino the high degree of auto-
mation in the metalworking industries of the deve-
loped countries, even this source of employment

and earnings for the developing countries. could

soon dry up.
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The aggregate effect of the lack of development of
the developing countries in areas like computer
technology, advanced designs of machine tools like
machining centres controlled by CNC or DNC,; mini-
computers; microprocessors.and highly advanced

types of cutting tools that usually go with the
sophisticated types of machine tools is the

total absence of the latest computer-integrated manufec-
turing sysi2ms like computer-aided manufacture

(cAM) and f..xible machining systems. While it may

be puysically impossible for the developinc countries

to go all out to introduce robots in their manufacturirng
systems (and neither is this desirable in view of the
availability of a large unemployed labour force), to
some extent, robots could be employed in performing

specified tasks which it is not usualiv possihle or

desirable for human beings to perform. But without

the strong support of computer science, this cannot be

achieved.

Consequently, the productivity of the metal-
working industry in the developing countries is
poor and levels of production in some of the key
industries are low in comparison to the norms

of the developed world. For example. the typical plant
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capacity feor motor cycles is 20,000 per annum as com-
pared to the typical plant capacity of producers
in the developed countries of 1.2 million per
annum, In the case of passenger cars, the capa-
city of India's largest plant is 25,000 cars per
annum against the average standard of the deve-
loped world of 150,000 cars per annum; in the
case of refrigerators, it is 100,000 against
1 million, in the case of General Lighting System electric
lamps, 20 million against 600 millionsand in the case of diesel
engines, it is 10,000 against 120,000, Poor
economy of scale has therefore been one of the
constraints to improvements in the productivity of the
developing countries. The main reason for this is the
backward and almost outdated production technology
emnloyed in the developing countries., This in turn,
is due to the extensive use of general purpose,
older and obsolete types of machine tools which
are fast disappearing from the production shops in the
industrialized countries. In their place there is

an ‘extensive use of machining centres, single
and special purpose machine tools and highly auto-
mated systems of manufacture like computer—aided

manufacture, flexible machining systems and,6in short,
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highly inteaqrated manufzcturing systems which are

described in detail in Part II of this study.

Metalforming. In the field of metalforming
presses, some of the developing countries are manu-
facturing conventional types of open-back-inclinable '0BI)
and parallel frame presses with hydraulic and mechanical
drives and shears and press brakes in larege numbers, In
fact in countries like Argentina and Mexico. these
items amount to as much as 50 per cent of the total national
production of machine tools.
However, - the percentage of metalfoarmine machineg tg the
total nroduction of machine tools in countries like
india and the Republic of Korea. thoush increasine from year
to year, is still below 25 per cent. There is also
a trend in the developing countries as in the case
of developed countries to increase the production of

metalforming equipment from year to year.

Heavy duty hydraulic and mechanical types of
conventional presses, mainly used in mass produc-
tion industries like the automobile industry, are being
made in some of the developing countries, but the
hydraulic aggregates and other accessories are still

being imoorted from the industrialised countries,
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The technology gap between industrialised and
the developing nations in the field of metalforming
presses is widening each year. This is more dis-
cernible in the area of noa-traditional forming me-
thods such as helical rolling, ring rolling, spin-
ning and flow-forming. In the developed nations,
considerable R&D is being carried out in producing
parts of high strength alloys of complicated shapes
by forming with high-speed equipment e.g. powder
metallurgy. Developing countries are behindhand in
the production of cold forging presses and extru-

sion presses.

One of the main bottle-necks in metalforming
is the manufacture of complicated dies and tool-
ing. For this, it is necessary to use high strength
alloy steels as raw materials to be machined on
sophisticated machine tools like the copying machines
of the type of Cincinnati Hydro-teil, and CNC control-
led continuous path vertical or horizontal

machining centres.

Another piece of sophisticated equipment of the hig

speed metalforming industry is the transfer line
press for automatic and progressive operations on

trangfer line, both in forging and forming. In
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this case, a transfer feed is provided to convey

the part from station to station, Although some

sheetmetal-forming transfer line presses are manu-

factured in the newly industrializing countries,
heavy duty and progressive type forge

presses are still being imported.

In the area of fine blanking and punching
presses, developing countries have yet to reach
the degrec of sophistication of the developed

countries.

Non-~traditional machining. In the area of

non-traditional machining systems, the progress

made by the devéloping countries is negligible.

For one thing, these metalworking processes'have

a relatively restricted field of application.

Also the development. and in particular the application
of many of these technologies, has yet to be perfected
even in the highly industrialized countries. Therefore
the developing countries canrot be expected to adopt
readily such special machinirg processes when the develop-

ment cosgsts are high and the benefits doubtful.

[ ! ! ' ! [ W [T '
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From an overview of the developments taking
place in this field in the developing countries, it can be
observed that only the following processes are some-
cimes employed in the metalworking industries in
some of the newly industrializing countries:
Electrodischarge machining (EDM); Electrochemical
Machining (ECM) and, 3lectron Beam Machining (EBM).
Of these EDM and EBM welding hate found greater
usage than the others. In EDM, the wirecut process
is becoming increasingly popular mainly
in the production of high precision dies and press
tooling. For instance, in the horological and ins-
trument industfies, the wiirecut EDM procress is becoming
quite advantageous. EBM welding technology also
is receiving greater attention particularly in the
more advanced industries like those of aircraft, atomic

enérgy and space.

However, apart from very simple EDM and ECM
machines, the rest of the machines and equipment
are being imported in small numbers by the deve-

loping countries.
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II1. ECONOMIC IMPLICATIONS

Since developing countries are technologically
less advanced in machine tool design and pfo-
duction technology, it is to be expected that their
metalworking industries as a whole would seriously
suffer from this wide technological gap. The pro-
ducts of the metalworking industry, particularly capi-
tal and producer goods, consumer durables etc.
cannot be expected to easily attain the standard of
excellence of the developed nations. Moreover, as
highly productive, high precision, specialised
and heavy and extra heavy duty machine tools re-
quired in some of the vital and strategic indus-
tries are not made indigenously, these will have to be
imported to meet the requirements of the develop-
ing countries, thus resulting in a trade deficit ¢nd a

shortage of foreign exchange.

It is not possible for any country, whether
developed or developing, to become completely
self-sufficient in its requirements of machine

tools., This is not only unnecessary, it is
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also not economically desirable. The 10 largest
machine-tool-producing developed nations of the
world are themselves the biggest importers of
machine tools. This type of interdependence: that
a country imports its own requirements of machine tools
and yet specializes in producing certain

types of high precision and specialised machine
tools, is a special feature Of the global machine
tool industry. Some of the East European coun-
tries who in the beginning aimed at becoming
completely self-sufficient not only domestically
but even in the CMEA bloc of countries

had to zive up the concept and

today these countries import large quantities of
specialised machine tools from the Western coun-
tries. This was necessary for them to improve
the quality standards of the products of their
metalworking industry and compete in the world

markets.

What is important for the developing coun-
tries 1is to improve their technological stan-
dards in machine tool designs and mechanics
and make the manufacturing activities highly

productive. It should be possible threough
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improved machine tool design and modern produc-
tion technology to manufacture a variety of products
of the metalworking industry to match international
1 cost and quelity standards so that these

not only enhance the quality and productivity of
the domestic manufacturing and engineering indus-
try but also make the products of these industries

exportable and competitive in the world market.

Economic progress and development depends
very largely on improvements in overall pro-
ductivity and the efficient use of resources such as
labour, material and capital. In so far as it applies to
machine tool technology, it is evident that eco-
nomic prosperity depends on the productivity of
the machine tools used in the manufacturing indus-
try. Hence to improve the economic health of a
developing nation, it is-necessary to imorove the
productivity of the metalworking industry.
Since machine tools and production technology are
fundamental for the improvement in productivity
of the manufacturing and engineering industries,

‘machine toolsand production techno-

logy have to be highly productive, modern and

advanced, As the principal impetus for productivity
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is advanced technology, it is imperative for
the developing countries to strive hard to nar-
row the technological gap between them and the

advanced world in the field of machine tools and

manufacturing technology.

Labour-intensive technology per se cannot be
the universal remedy and its applicability to all
types of productive activities is certainly not
advisable. It is argued that production techno-
logy employing a comparatively large labour force
could be as efficient as highly advanced and
labour-saving technology. This is a fallacious
statement and cannot be applicable under all

circumstances,

Speaking of labour productivity in the de-
veloping countries, this is very poor compared
to the labour productivity i.e., output (added
value) per worker per annum 1in the advanced
countries. As an example, the case of India may te
quoted where it has been estimated that current labour
productivity is increasing at a very
slow rate. During 1977, it was Rs,11.000 per
annum ($ 1375) &zt 1971 prices and rose to k.12,800

per annum ($ 1600)in 1978, The productivity of
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labour in the developed countries is at least eight
times higher than these figures, mainly be-
cause of improved production facilities and

advanced technology.

Furthermore, improvements in output (added
value) per worker per annum, which is what the
universally accepted measurement of productivity
is, do not come entirely from the labour side
because workers are working harder and better.

It should be emphatically stated that the imp-
rovements in productivity come largely from non-
labour factors: through the efficient use of material
and capital resources. This in
modern industry 1is possible mainly through
better management of resources employing improved

and advanced technology.

The lack of development in the machine tool and manu-
facturing industry of the developing countries is one
of the reasons for poor industrial growth and the
resultant poorer growth of the national economy.
There is a real danger that in the year 2000 a
large part of the developing world's population
will still be living in poverty. It should be

emphasised that human needs can only be met by the
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productive efforts of a society which strives
to meet these needs. The only way to make this
possible for developing countries is to enable

them to build up and develop their own productive

capability.

There is further a lack of understanding of
the problem as to how to increase the productive
capability of the developing countries, or

rather, there are divergent views on the
solution to this problem. In fact there is a
situation where in the highly industrialised
countries technological innovations and material
changes are more advanced than most people realise,
whereas in the developing countries, the conscious-
ness and aspirations of many people seem to be

ahead of material reality.

Over 90 per cent of the world's manufacturing
industry is in the developed countries. The deve-
loping countries have only a small share in
world manufacturing. This share remaired stable
at about 7 per cent in 1960s. However, in the
period 1970 to 1976, the manufacturing output of the deve-

loping countries grew at 7.5 per cent per annum. This is

indeed very hopeful for the developing werld.
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Unless there is a massive transfer of modern
technology from industrially advanced countries to
update the production processes of the developing
countries, the developing countries with a
growing population and rampant unemployment will be
Perennially weak economically. Simultaneously,
developing countries should also develop their own
technological capability to aim at prnducing a
surplus of manufactured goods, machinery and enrineering
products which could stand world competition

in the export markets.

It has been estimated that in India aléne.

10 million j0bs must be created every year from
now to the year 2000 to cope with the population
growth and the backlog of unemployment., With
more than 650 million people, India has a GNP
two-fifths the size of that of the Urited Kingdom,
which has only 60 million people. The same

is true for many of the developing countries
of Africa and Asia. Part of the problem is that
most of the developing countries depend heavily
on agriculture and more than half of the products
of these countries comes from this séctdr whiéh employs
two thirds or more of the labour force.

The main object of the policy




makers and the governments of the developing coun-
tries should be to relieve agriculture of this

heavy concentration of labour by introducing mechaniza-
tion and to a large extent divert the econamically
active labour to industrie:s. This is only possible
through rapid industrialisatioun using modern and
productive technology. Certainly, development must
mean improvement in living conditions for which .

economic growth and industrialisation are essential.

Most of the developing countries regard indus-
trialisation as a centrai objective of their econo-
mic policy. They see it together with agricultural
progress as an integral part of development and
struciural change. The drive towards industrialization
reflects the deevply felt need for modernization aﬁd

economic independence.

But industrialisation in the developing coun-
tries has been very ureven, Some of the middle-
income countries, particularly in Latin America and
South-east Asia, have made spectacular zdvances
in industry. Several of them have around one quarter
of their workers in the manufacturing sector, which
is as much as some of the industrialized countries have

at present.
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Other countries show little change. In many of

the poorest countries, less than 5 per cent of

the work-force is engaged in the manufacturing sector.

would be highly misleading to present the deve-
loping countries as an unchanging picture of
widespread poverty. Even among the low-income
countries progress is taking place, the begin-
ning of structural transformation. In a number
of developing countries, moreover, there have
been truly remarkable advances. In terms of
sheer economic growth rates, the most striking
cases have been the newly industrialising coun-
tries which have been thrusting ahead with manu-
facturing growth. Countries like

Argentina, Brazil and Mexico have quite anp ol14
established industrial base which has increased

rapidly in the post-war decade. A spectacular

example is Brazil whose economy at the current growth

rate will by 2000 rival in size that of the
Federal Republic of Germany. It is also an impor-
tant trading partner and thus a stimulus to growth
for other countries in the Ssuth. The Republic
of Korea is another outstanding example with

tremendous scope for industrial and economic growth

It
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made possible through the use of the latest machinery
and equipment and modern production technology.
Several of what used to be called peripheral coun-

tries like India have become significant nerve

centres of industrial production.

Other smaller industrialising countries illus-
trate how fast the economic map of the world is
shiftinge They have been able to take advantage
of the international division of labour in highly
competitive world markets. Many of them are in south-
east Asia; the Rer—blic of Korea, Hong Kong,
Malaysia and Singapore. Their econnmies
as a whole have been sustaining an average growth
from 5 to 9 per cent over a decade and a half,
There are other countries which have bequn re-
latively recently to penetrate into export
markets with their manufactures; Colombia, the

Philippines and Thailand.

However, all these newly industrialising
countries will suffer a serious setback with the
development of microprocessors which could reduce
some of their advantages., While they owe much of
their expansion and technology to transnational
corporations, they remain very vulnerable to the

corporations' trading practices and technological

advances.
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In the area of technological advancement, the
developing countries must realise that it is in

their interest to advance technologically.

This does not mean that they should totally ignore

the repercussions of sudden change from labour-in-
tensive manufacturing technology to highly autcma-

ted systems and robotics. In any case, such a thing
cannot happen due to the sheer physical, financial and
infrastructural deficiencies of the developing coun-
tries. Nevertheless, to be blind

to the latest technological developments taking

place in machine tool and production technologw

in the highly advanced economies could be dangerous.
This could prevent completely the developing countries
from making a Jjudicious choice of the technology appropriate

for them and one in tune with the interdisciplinary

growth of other sectors ¢f economic activities.,

A recent study of the United Nations on the
future of the world economy has shown that agri-
culture and mineral extraction activities in the
develioping countries will be expanding at a slower
rate than the total gross product once overall

growth is higher than 4 per cent per annum, At
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the same time, the total output of the manufacturing indus-
tries is expected to expand at higher rates than the gross
product, namely 6-T7 per cent in the non-oil-producing coun-
tries of Africa; 7.5-8 per cent in the non-oil-producing

countries of Asia:

8.5-9 per cent in Tatin America and 1b

per cent in the oil-producing countries of Africa and Asia.

The study further postulates that one of the
distinctive features of industrialisation in the
developing regions is the generally lower growth
rates of light industry when comparei to those of
heavy industry including machinery, mechanical
equipment and industrial materials like steel,

rubber and chemicals,

The tendency of heavy industry to grow more
rapidly is well nronounced in all develeping re-
gions arcording to the study. Growth rates of
this sector would reach 7-8,5 per cent in the non-oil-
producing countries of Africa; 8-8.5 per cent in tte non-oil-
producing countries of Asia; 9-10 per cent in Latin America
and 16-17 per cent in the oil-producing countries of Africa
and Asia.

The accent on heavy industry is essential for industrializa-

tion and economic development on & broad regional,
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though not necessarily »m a small country basis.
This opens vast horizons for co-operation and
specialisation between developing countries,
especially in the priority sectors of machinery,
machine tools, manufacturing equipment and basic
industrial materials 1like steel, rubber ang

chemicals.

Machine tools and m.nufacturing methods are
fundamental means of producing products of the
metalworking industry like capital goods and
both electrical and mechanical machinery, trans-
port vehicles - cars, buses and trucks - aircraft,
power-generating equipment, plants for production
of cement, sugar, paper and fertiliser and machi-
nery required for steel mills, If the
technology gap in the basic machine tools and
manufacturing technology is quite large, it would
mean that the production of capital goods and
other engineering products - agricultural machi-
nery, transport equipment, building materials,
fertilisers, food and milk processing industries
etc. ~will all suffer the disadvantaae of the
lack of development of machine tool¥ and production

technology. Such a lack of development has & profound
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adverse influence on trade in the developing countries
since in many cases, particularly in the vital
processing industries like fertilisers, o0il ex-
ploration, pharmaceutical and chemical industries,
besides important metalworking industries like

transport, communications, power-generating equip-

ment, and agricultural machinery. the mechanical

ard electrical machinery needed will have to

be largely met through imports. In the capital
goods sector alone, it has been projected that by
the year 2000, the need for these products by the
developing world will be of the order of $ 1000
billion. Although the latest statistics of the volure
of production of capital goods in developing coun-
tries are not available, judging by the
figures for 1970 of a total production of a little
over $ 18 billion, the deficit which has to be

made up through imports is really staggering.

A T per cent growth rate every year can be estimated
in the volume of production of capital goods in

the developing countries. This would place the
current estimated production of capital goods in

the developing countries at a yearly level of

about $ 36 billion to $ 40 billion. Even so, the
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trade deficit (to make up $ 1000 billion) on this

account alone is a figure which is indeed fright-

ening.

One of the urgent and vitally important means
of narrowing this huge deficit in trade is to
narrow the gap in machine tool technology with all the
resources at the disposal of the developing nations
including available foreign aid, bilateral credit
arrargements between the developing and the developed
countries and the assistance of United Nations organizations

like UNIDO.

Although it‘is nsi expected that in the time
horizon of two decades sn appreciable impact is con-
ceivable, concerted efforts at national poli-
tical and policy-making levels have to be made to
develop, acquire and assimilate the modern technology
of machine tools and manufacturing processes in
coneonance with the needs of each of the develop-
ing countries and the availability of industrial
infrastructure. This could narrow the technoloqgy
gap to some extent and avoid deleterious implica-~

tions on the economic growth and social welfare

of the developing countries.
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In the proper place and circumstances, labour-
intensive technology may be welcome but in
machine toolsand production technolegy, which
are the main spring-boards for the rapid growth of
productivity in the metalworking industry,including

the capital goods industry, labour-intensive

technology per se is not d:sirable,

The principal fuel for productivity is

advanced technology. The quality of labour and the
amount of capital are also factors, and important
on2s, but the foundation is the level of techno-
logy to which efforts of capital and labour can be
applied. Some of the developing nations, particularly
those newly industiialising countries like Argentina,
Brazil, China, India, Mexico and the Republic of

Korea are today at a crossroads in their choice

of machine tool and manufacturing technology.
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In the opinion of the author, any
technology which is capable of producing goods and
servi~es at internationally comparable quality and

costs is, in the long run, the only technology which

should be employed.
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III. RECOMMENDATIONS FOR_THE DEVELOPMENT OF
THE MACHINE TOOL INDUSTRY IN THE
DEVELOPING COUNTRIES

Before attempting to recommend any strateqy -
for the development of the machine tool industry
in the developing countries, the fact will have to be recog-
nized that even among the developing countries, there are
those which have already developed their machine
tools and capital goods industry to some extent such
as the newly industrialising countries (NICs) and
there are others, the least developed countries (LDCs), which
have vet to make a significant beginning
with any prograrme of industrialisation and plan for
the production of capital goods including machine
tools. Recommended steps to develop machine tool
production in these two categories of developing
countries will not, therefore be the same. Hence,

this issue will have to be dealt with separately.

Newly industrializing countries

As mentioned before, the machine tool and manu-
facturing industry in the newly industrializing

countries (NICs)is well founded but technological

progress, both in
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machine tool technology and production engi-
neering has, it appears, remained practically
stagnant for the past decade or so, though some
countries like Brazil and the Republic of Korea. and
to some extent India, have made a keginning with

numerically-controlled (NC) machine tools

and the related manufacturing technology.

1., The most outstanding feature of the develop-
ment Of the machine tool industry and manufacturing
technology in the metalworking industry in the indus-
trialised nations 1is micro-electronic and
computer technology. There is a big gap in this
area which has to be assiduously bridged to some
extent by the developing countries. In some of
these countries, the electronics industry has progres-
sed fairly well, but mainly in the consumer/enter-
tainment areas and the industrial application of
electronics is just at the initial stage. The
industry is still governed by the older concepts
of transistor and hardwire circuitary of the first
generation; and electronic machine tool con-
trols, viz., NC, are based largely on the use of

perforated cards and tapes or magnetic tapes.
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In the advanced countries, NC has undergone phe-

nomenal changes. The transistors have given way

to integrated circuits and the advances in compu- -
ter technology have helped to replace all logical
hardware. Decision circuits are replaced by exe-

cutive software in the form of minicomputers,

thus giving birth to computer numerical con-

trols (CNC), Furthermore, the development of

micro- or minicomputers has been possible due tc

the spectacular evolution of large-scale integra-

ted circuits (ISI), New

machine tool control systems using very large-

scale integrated circuits (VLSI) are just about

to make their appearance in the highly industria-

lised countries, resulting in further miniaturisa-

tion of machine tool controls due tO the reduction in the
number of paets with far greater capabilities than

. 1SIs. The computer and properly designed software

have made increased sophistication of the CNC con~

trol possible. PFurthermore, since the computer used in the
CNC system has the ability to perform different

tasks under different programmes, a proper programme

can be written to make the computer work like a

circuit tester 1instead of an NC controller, there-

by providing a diagnostic programme.
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Developing countries should pay special atten-
tion to computer technology and acquire knowledge
and experience in the associated techniques of soft-
ware like executive programming, part programming
and diagnostics,.

It may not be at this stage feasible for many
developing countries to manufacture the microproces-
sor chips for CNC controls because of the enor-
mous investment needed for the purpose, and the limited
market possibilities. They are, however, well advi-
sed to obtain such of these components from abroad :.: are
needed to build their own control systems. In fact. there
are presently only two countries, viz., Japan and the United
States,who are leading in the manufacture of silicon
chips. Europe has been trying to enlarge its produc-
tior of electronic chips with mixed success, Once
computer technology is well understood and pro-
ducticn engineers of developing countries are able
to handle the computer, including the microcomputer
in all its varied applications and become well
trained in the preparation of software like the prepa-
ration of executive programming, part programming

and diagnostic programming, they could then be in

a position to interface electronic controls with
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machine tools and could attempt to produce the semi-flexible

computer-aided msnufacturing systems needed in

their metalworking industry.

2, From this stage, it necessarily follows
that some of the advanced designs of machine tools
capable of being combined with numerical controls
like MDI, CNC and even DNC could be produced in
the developing countries. Simple machining centres
with 3 to 5 axis/contouring possibilities in hori-
zontal and vertical configurations could possibly
be considered for reqular production in these coun-

tries.

3. It has already been noted that in manv of
the newlv industrializing countries, digital Treadouts

(DROs) are commonly used. As a next

logical step, manual data input (MDI) controls

could be produced and used on many of the simpler
types of machine tools like lathes and milling
machines. Here, it is advisable to opt for the
latest types of MDI controls based on microprocessors.
In the advanced type of MDI system, the

operator has the choice of either making a programme

by machining the first part manually to automati-

cally record the machine slide and tool movements
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or using the keyboard for the input of work cycle com-
mands from a programmed sheet on the basis of
the part drawing. Since this type of control
does not make use of punched tape, the tape
reader whick is normally a source of trouble is
totally eliminated. If required, the part pro-
grammes located in the system memory could be
transferred to magnetic cassettes for permanent
storage. It is desirable for the developing
countries to skip the older type of MDIs and go
in for microprocessor-based MDI controls.
An appropriate example of such a control system on

the lathe could be the "Universal Turning Machine",

type NEF, manufactured by Gildemeister and Comp.,A.G.,
in Bielefeld in the Federal Republic of Germany. The only
limitation in such MDI control at present is that
it is made for machines of up to three axes. This is
probably adequate for the developing count-
ries at the present stage. However, what is most
urgent and important for the developing countries
is the training of programmers for these types of

controls.

4. Continuous attempts will have to be made

by the developing countries to modernise and up-

grade their machine tool designs and mechanics
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for high-speed and high quality machining. The
types of machine tools currently produced in the
developing countries will perhaps have to be
redesigned for high speeds, faster feed mechanisms.
larger torques and forces, significantly greater-
horsepower, much increased static and dynamic

stiffness and suitability for NC coatrols.

5. As observed before, in machine tool
manufacture many quite simple and less expensive
methods are being employed in the industrialised
countries which are ideally suited for the deve-
loping countries. For instance, the recent inno-
vations in guideway technology have resulted in
the development of glued-on guides and fixed-on
guides. This new concept ensures the longevity
of machine accuracy, reduces the frequency of
maintenance and it is possible to replace guideway
elements easily without resorting to costly and

time-consuming scraping.

6. Distinct advantages are possiole in the
modular construction of machine tools. In order
to meet the n-2ds of the :ietalworking industry to

machine a wide range of parts in small and large

batches, with an ability to change over quickly
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from one part family to another, various confi-
gurations of machining systems can be built from
a range of standard module units. Metalworking
industries in the developing countries could be
best served, particularly with the aid of group
technology, through the concept of modular units
for building dedicated machine tools for high
volume production., Machine tool builders in the
developing countries could advantageously exploit

this concept,

7. It is very necessary to update manufac-
turing methods employed in the metaiworking in-
dustry of the developing countries, In many cases,
the production technology that developing countries
today employ in their metalworking industries is bared
on a large-scale use of egeneral
purpose machines like lathes, milling machines,
radial drills, horizontal boring machines, caps-
tan and turret lathes. For certain applications,

single and multi-spindle auto-
matics, single and special purpose machines and
multi-unit head machines and transfer 1lines are in

operation, particularly in the automotive and

similar mass production metalworking industries.
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These in many cases tould make way for machining
centres to be integrated into new machining con-
cepts like semi-~flexible manufacturing systems
and computer-aided manufacture. For machine tool
manufacturers in the newly industrialising
countries (NICs), this may appear to be a some-
what difficult endeavour but it is strongly advocated
that for smaller batch production, which is the
main feature of metalworking industries in these
countries, such concepts are ideally suitable for
improving quality and reducing costs of the end-

products.

8. Another important aspect to which the machine
tool industry in the newly industrialising

countries should address itaelf is the
quality of the machine tools it produces. One of
the important strategies of improving the productivity
of the metalwcrking industry in these countries
is tc improve the quality of the machine tools. Japan
has advanced by leaps and bounds in this regard.
Machining centres manufactured by Japan may not
be equipped with as many advanced design frills as

perhaps those made in the Federal Republic of Germany or the

United Stetes. But they are sold all over the world in
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large numbers mainly because of their high reli-

ability and competitive prices. Also in Japan,

the metalworking industry's stupendous growth and

success has been primarily due to the superior

quality of its products in the manufacture of

which Japanese enterprises use extensively

machining centres produced in Japar. Japan has
made quality its main advantage over other competitors

on the world market. The manufacturing industry of Japan
has shown to the world that quality control

involves the whole industrial process beginning

with product design and continuing up to the

delivery of the final product to the market.

9, Progress in measuring techniques has been
so rapid that the resolution and accuracy of
gauginz have reached limits governmed only by the
inherent instability of machines/workpieces
Besides, there has to be a greater emphasis on machire
tool design to achieve greater accuracies for the
parts machined. There must be 11 fact a greater
drive tcwards even higher part accuracies, thus
reducing rejects and ensuring longer product

life. In-process gauging has to become a common

feature of machining, particularly in the finel
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stages of component manufacture, The development

of compact and reliable electronic probes has made
possible in-process gauging on all automatic machi-
ning systems, In any case, if the developing coun-
tries are to go in for the production of machining
centres, their quality standards will necessarily have

to improve by at least two orders of magnitude of

accuracy. Co-ordinate and dimensional accuracies
and superior finish are only possible if the machine
tools are designed and manufactured using modern

technology.

10. The export of machine tools will bring the

developing countries both tangible anAd

intangible gains. Tangible gains are of course

the earning of valuable foreign exchange, a better trade
balance and an expanded market, An intangible gain
is that because 0f the exposure of their products

in the competitive world market, manufacturers of
machine tools in the developing countries will be-

come aware of the latest develcpments taking place

in design, quality standards and manufacturing
technology of machine tools produced in the indus-
trially advancad countries. As a result, the machine

tool i.dus_ry of developing countries couia endea-

vour to keep pace with the developments taking
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place in machine tool design and production tech-
nology in the advanced world. Highly industrialised
countries have some limitations in producing certain
designs and types of machine tools with a compara-
tively higherlabour content. In fact, they are

fast giving up the production of many of these
general purpose machine tools in preference to the ad-
vanced aesigns and types of machine toois., However,
there is a sizeable demand also for general
purpose machine tools in the industriallv advanced
countries, mainly in the areas of maintenance,
training and tool room and to some extent, by the
small and medium-scale manufacturers. If the deve-
loping countries' machine tool industry is able to
meet this need of the developed countries, then

their exports of machine tools ceuld be quite sub-
stantial as a percentage of their total production.
This is possible provided +he machine tools made in
the developing countries are of modern design and
reliable quality, and have competitive prices with guaran-

teed after-sales servicing and supply of spares,

The atove are some of the recommendations considered
important for the newly industrialising
countries to update their machine tools and

production technology. Certain recommendations may
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appear somewhat beyond the reach of the develop-
ing countries, But then, if efforts are not
made to improve the designs of machine tools and
introduce newer designs of machine tools and
move on to more automatic productive systems in
the metalworking industry, like flexible machi-
ning systems and partially inteqgrated computer-
aided manufacture, these countries might remain
at a disadvantage in their production techno-

logy in the metalworking industry.

Other developing countries

For other developing countries, particularly smaller
ones which have a very limited industrial base
or none at all, and which depend upon imports
of simple items of machinery and equipment to
empark upon machine tool and machine building acti-
vities, there could be many hurdles and deficiencies
in the essential infrastructure. However, for those which
are keen to produce some of the capital machinery
items, it may be advisable to give top priority to
the production of basic machine tools since the

main plank on which the machinery industry could be

established is the machine tool industry, Without
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this, it is rather difficult to conceive of deve-

loping any engineering and cacital/durable '
goods and consumer gocds industries. The follow-

ing are some recommendations for establish-

ing this vital industry on a scale commensurate

with the demand® and resources of these developing

countries.

1. The designs and types of machine tools depend

—

upon the needsof the machine tool users. Normally

in the 1ess develoved countries the demand could

exist for simpler types of general purpose machines.
Even in the simpler or less costly (but not cheap)
classification of machine tools, designs could be
modern incorporating features like higher speeds

and feeds, built with high-grade castings (Meeha-
nite type) having high tensile strength and greater
wear resistance (higher Brinell hardness) and criti-
cal steel components like main spindles and screws
machined from high-grade alloy steels, gears made
from nickel or manganese steels, hardened and ground
and with slides scraped to a high degree of precision

and powered sufficiently to use carbide cutting tools.

Designs in fact decide the degree of sophistication
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and the cost of macinine tools and other plant and

machinery needed for the conversion of the designs
into products. Depending upon the level of demand
in the small developing countries, it is advisable
to select appropriate designs and related produc-

tion technology which are more suited for smaller

batch production and relatively more labour-inten-
sive than opting for automatic machines and

automated assembly procedures etc,

In the beginning at any rate 1less
developed countries will have to depend upon im-
ported designs. In selecting suitable designs,
care has to be taken because it is on this choice that
many of the subsequent financial, technical and marseting
considerations depend. First and foremost,
market demand is what decides the tvpeé of designs
and class of sophistication of machine tools that
should be taken up for production. It can be safely
assumed that in the less developed coun-
tries, there would be a need for simpler but modern
designs of machine tools, Such designs and know-
how in manufacture could be more advantageously
obtained from newly industrializing countries.

Although highly industrialised countries could licence such

designs, developed as a result‘of their concentratiocn
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on highly advanced designs and production techno-

logy- it may be that simpler designs have to be '
specially developed by them for the developing

countries. Due to this and many other considera-

tions like deputation of experts and training of

personnel, the cost of acquiring design and know-

how from the industrially advanced countries may

become prohibitive for the less developed

countries.

2. Notwithstanding the developing countries’
dependence at the beginning on imported designs
and know-how, one thing appears to be definitely
essential and that is indigenous designs cannot
be evolved progressively and production technology
adapted and mastered without a scientific infra-
structure and build-up of local R&D -otential. 1In
order to conserve rare resources, particularly
the expert manpower resources to master designs
and production know-how in pachine tool building,
it is recommended that there could be government-
owned machine tool design and production technology
institutes. These institutes could preferably be

assisted or set up in collaboration with well-known, inter-

national machine tool design and .csearch




- 456 -

institutes. A group of design experts in the insti-
tutes could design suitable machine tools needed

by the country and build prototypes and thoroughly

test them for soundness of design and production
processes. Institutes could then offer the licence of
these designs to interested entrepreneurs in the country.
Designs could also be sponsored by entrepreneurs.
With increasing experience, machine-tool-producing
units could graduate to designing machine tools on
their own. Government-financed machine tool design

and research institutes on the other hand could

switch over to developing more advanred designs to
meet the growing demands of the metalworking industry.
What perhaps still may be necessary is that manufac-
turers should be obliged to have their machine tools
tecced exhaustively and perhaps even graded by

machine tool design, research and production techno-

logy institutes.

3, Cast iron foundries and pattern shops. In
the less developed countries, it is advisable to
give priority to setting up foundry facilities
co produce high qunlity cast iron components like

beds, columns, arms, base plates, gear boxes, head-

stocks and tail-stocks. In view of the ample work-
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force available in these countries, it is sugges-
ted that the heavy castings could be hand moulded,
perhaps using sandslingers. The sand conditioning
plant, core blowing equipmernt, melting cupolas,
core and mould drying ovens etc. need not be
highly automated. However, it must be realised
that the training of moulders, floor and machine
moulders, coremakers, - metallurgists

and so on 1s essential for producing quality

castings and keeping foundry product fejects to a mirinum.

Pattern shops could be a captive operation of
the centralised foundries. The making of pattern
and core boxes 1s a skilled job and workers have to

be specially trained in these trades,

4, Forge shop. The percentage of forged parts
in the productio:n of machine tools is much less and
as such only a few central forge units can be set
up in 2 country. Drop hammers and furnaces are
the main items of plant and machinery needed in
forge shops. As for the dies and tools, these may
have to be procured from outside or from the central

tool room service units,

5. Rolling mills. Mild steels, carbon steels,

alloy steels and sheet steels are the essential raw
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materials required in the production of machine

tools. Compared to castings - ferrous and non-

ferrous - the proportion of steels generally is

less. Still, the latter constitute vital raw

material for the manufacture of machine tanls and

for that matter, any machinery. Whether

a developing country should develop its own iron

and steel industry deperds upon various factors.,
Undoubtedly, it is advsntageous for a country to develop its
own iron and steel industry if the necessary

mineral raw material resources are available.

However, many small developing countries which have

not reached a high level of industrial develop-

ment and which are not endowed with essential raw
materials like iron ore, coal and gas, and infra-
structure like adequate electric power, but which have a
small-scale demand for steels of various types and
sizes and so on would be well advised to import
whatever small quantity of steels would be
initially needed for the nascent machine tool and
machine building industries. It is however recom-
mended that it is advisable to set up rolling

mills, whereby various operations from steel scrap melting

to rolling several sizes of bars (including alloy steels),

angles, channels etc. could be undertaken. Using
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modern technology, viz. the continuous casting
(concast) machine and mills of adequate size and
capacity, small rolling mills could turn out the
required sizes and quantities of steel raw mate-
rials of different sizes and sections and even
alloy steels and carbon steels to partly meet the
needs of the machine shops engaged in the manufac-

ture of machine tools and machinery.

6, Central tool room. Machine tool produc-
tion units are not complete without a tool room
facility. It is a common feature in all indust-
rially advanced developed and developing countries
to add tool room facilities to each manufacturing
unit, This 1s necessary for maintaining a degree
of flexibility and self-sufficiency and more spe-
cially to meet the specific needs of each manufacturing
unit. But the difficulty that may be encountered in less
developed countries concerns
the availability of both highly skilled labour and expe-
rienced and resourceful tool designers. Besides,
plant and machinery for tool rooms could be expen-
sive. Due to these and many other reasons, includ-

ing fuller utilisation of capacity, less Aeveloned

countries are well advised to set up
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central tool room facilities as an adjunct to the

machine tool complex., The equipment of the central tocl

room siuoula include jig borers, universal tool room
milling machines like the Deckel precision cylin-
drical and internal grinding machines, and thread
grinding, high precision and gauge grinding and pre-
cision thread cutting facilities. The unit may

have to be equipped with facilities for making
high-speed cutting tools with furmaces and baths

for heat treatment of high-speed steels. Precision
equipment for grinding and resharpening of tools
like carbide tools, hobs, reamers, taps is
a common feature of most tool rooms. The
tool room unit should be staffed with competent

tool makers and designers who can design/make

jigs, fixtures, special tooling for the machine

shop and other production units including forge
shops, rolling mills, sheet metal shops and even

for the foundries and the pattern shéps,

7. Ancillary shops. Ancillary shops like those
heat treatment, plating and sheet metal could be
largely captive units of the machine tool produc-
tion units. These could be large or medium size

depending upon the load from the parent machine

tool units. The main point is that these inde-

for
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pendent activities could be run more efficiently

with a degree of specialisation.

8. Production technology. The problem is to
evolve modern production technology for thie manu-
facture of machine tools in the less developed

countries which is appropriate., 1In this
regard, it should be borne in mind that any production
technology which increases the cost of production
and/or sacrifices quality is not appropriate.
Hence, in assessing and selecting a suitable pProduction
technology, it must be ensured that the technology is

capable of producing quality products at equitable costs.

The choice of production technology depends on

the stege of industrial development of a develop-
ing country. Industries in developing countries
have been established mostly in col.aboration with
the developed countries or industrially advanced
developing countries, In many cases the pattern
of establishing some of these industries under
the technical guidance and collaboration of the
collaborators has taken pliace on a large scale

giving insufficient attention and importance to

the development of small-scale and ancillary
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industries. Fundamentally, there has also been a

high degree of self-sufficiency in the vertical
planning of industrial units, Perhaps some of the

heavy and capital-intensive processes may have to

be established in a manner whereby most of the

work is done under one roof and perhaps little scope
exists for the decentralisation and distribution of work
content among small and medium-scale enterprises.

But this is not necessarily the case with many items

of machinery including machine tool and other mechanical
and electrical engineering products. These
industries provide an ideal possibility for the dece-.tra-
lisation of manufacturing activities, The production tech-
noiogy employed could be such that it gives considerable
scope for setting up a number of small-scale and
ancillary units dispersed throughout the country to

which simpler or less critical items and accessories

and ancillary items could be farmed out. Such a pattern
of decentralised production and labour-intensive tech-
nology will also serve the desired objective of provi-
ding employment opportunities and the maximum dispersal of

industrial activities,

9, Production set-up for machine tool building.

The production activities of machine tool manufacture
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can be classified into two broad cate-

gori:s: (a) component manufacture and (t) assembly
and testing operations. In fact, in respect of

any machinery, whether it be eleztrical or mechani-
cal, once the designs have been identified, subse-
quent processes are almost similar to machine
tool production, viz., manufacture of components

and assembly and testing operations,

(a) Component manufacture. In the case of
components, there are normally two broad divisions:
(i) The ready-made externally-purchased items like electric
motors, switch gears, clutches, ball bearings, oil rings,
circlips, limit switches, machine lamps, lubri-
cating and other coolant pumps and (ii) those
that are manufactured out of castinans, forgings and
steels to drawing specifications, which is the calegory

on whiech this study focuses. .

In dealing with manufactured components, it
is advisable to produce these using general purpose
machine tools with the extensive assistance of produc-
tion aids 1like jigs and fixtures, Since the batch

quantities are small, there 1is no necessity
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for highly rational, advanced special purpose machine
tools. But one disadvantage of such a system of
production is the scarcity of skilled personnel. It
therefore becomes necessary to train skilled opera-
tors like turners, fitters, grinders, milling machine
operators, jig boring operators intensively

in central training centres and t:-asfer them to produc-
tion shops initially for on-the-job training before
entrusting them with skilled tasks like boring of
headstocks, grinding of g¢pindles, thread cutting of
screws and nuts, scraping of bedways, cutting and

grinding <f gears.

(b) Arsembly of machine tools. The assembly of
simpler designs of machine tools like lathes, knee-
type milling machines, pillar drills could
be somewhat lapour-intensive. This calls for a
highly skilled labour force which has to be trained
specially for the trzde. As a matter of fact, the
basic trades in machine tool technology have been
and continue to be, fitting and scrapinj. It takes
a long period of experience to assemble modern types
of ceneral purpose precision machines. Assembly
or~rators have tc be even more skilful than machi-

nists, since some of the machining inaccuracies of
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components have to be corrected in assembly by

appropriate filing and scraping.

The assembly operation is normally split into

two main divisions viz., (i) Sub-and unit assem-
blies and (ii) final assembly. Suitable assembly
fixtures, test beds, control equipment etc., have
to be provided so that assemblies = sub-and unit
assemblies - are tested before sending them on to

final assenbly,

The testing of machine tools is a specialized
task. There are international test charts and
specifications like the Schlesinger charts accord-
ing to which machine tools have to be tested by
expert technicians who have to be specially trained

to carry out these exacting tasks like alignment

tests &and pertormance tests.

Quality control is the heart of machine tool
production. Suitable instruments and gauges like
micrometer: (internal and outside), threaa gauger,
snap gauges, &0 and no-go gauges, vernier
calipers are used to check components pass-
ing through various stages of machining., Sub-and

unit assemblies also have to be rigidly tested on
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specialised test beds neant for testing parti-

cular unit assemblies so that when they are sent

to final assembly, they should not only fit pro-

perly and be able to be easily assembled without much
alignment or fitting work, but also at the final
inspection stage, the machine tools should conform to the

specified alignment and performance tests,

10, Structure. It is advisable that separate
factories/units are established with 100-200 emplo-
yees to produce different types of machine tools, for instance,
one unit specialising in the family of lathes,
znother for milling machines, yet another for pro-
duction of drilling machines and so on. This is
advantageous from many considerations, but the major ones
are greater degree of rationalisation, bigger
size of batcheé, and above all, technical speciali-
sation. The number of employees could be even less
if the major operations like foundry, heat treatment,
tool room facilities and training centres are each a
separate operation and serve as common facilities for
the production of different types of machine tools in
different units. There also should be a possibility
of further decentralisation of production by farming

out certain items and accessories to ancillary indus-

try.
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The above scheme may appear rather elementary
and unsophisticated. On the contrary, for small,
developing countries, which have to
start almost from scratch, to embark on establishing a
precision machine tool industry, it is necessary, as a
part of training, that they should pass through all the
basic stages in order to be capable eventually of

producing more advanced designs of machine tools using

advanced production technology.
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Extract from Report by the
TECHNICAL POLICY BOARD

on

CURRENT AND FUTURE TRENDS OF MANUFACTURING
MANAGEMENT AND TECHNOLOGY IN THE UNITED KIFGDOM

"The Way Ahead"”
August 198¢C

published by the Institution of Production Engineers, United Kingdom

4 Chronological Summary of Delphiil

Lh.2 Professor Eugene Merchant of Michigan University, who is a
pioneer of the use of 'Delphi' surveys for technical nrediction.
conducted a 'Delphi' survey in 1970-1 within the members of CIKE
Some results
from this paper entitled "ThLe Future of Production Engineering"
hav: been included, for comparative purposes, in the analysis of
the detail of the Imstitution of Production Engineers 'Delphi'

survey ...

CHRONOLOGICAL SUMMARY - UNITED KINGDOM SURVEYS

1980 - 1981

1. In this period there is an expectation by
many employees for work tc contain more
responsibility ard challences ...

2. There will be a considerable increase in both
general and technical training of a formal
nature. ...

3. Machining accuracy is expected to be greatly
improved by more scientific design of machine

1/ "Project Delphi" was the name of & US Air Force-
sponsored Rand Corporatio study, begun in the early 1950s,
with the aim of obtaining expert opinion mainiy througi tue
use of quespionnairen.

]
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S.

1982
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tools - nossibly made from comoosite
materZlals (concrete, plastics, carbon
fibre, etc.).

Very high pressure (413MPa) liquid jets will cut

fabric, leather or alass or carbon fibre,

etCce.

Thermal control of the environment will be
adopted.

- 1983

20

3.

4,

Se

More training and more involvement by mana-
gement will be widesnread ir Nualitv Assur-

ance and getting products ‘'right first time'.

Production designers will be able to use a
programme to determine the economic benefit
of using Group Technoloqgy - but see 1936/87
as there is some doubt in Japan and U S A and
many U K experts think 1983 is too early.

Paper tape will begin to disappear in the
U S A by 1982/83 when 40% will cease
to have it on new machine tools. e«o

20% of U 5 A systems will be fitted
with diagnostic sensors and indicate chan-
nes or failures.

10 to 15 % of NC tools will have pallet
transfers (shuttles).
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10,

11.

1984
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There will be increased d..ands to improve prod-
uctivity and reduce the dependence on manual arc
welding skill. As a result there will be more
use of mechanised welding in which computer -ele-
ction of welding conditions will become common.

Sensors for tracking and control of welding var-
iables will be developed and applied. An in-
creasing use will be made of arc welding robots
and of specialised automatic equipment, With
semi-automatic arc welding special power sources
will improve the performance of the welder.

Although arc welding processes will not be re-
placed in the forseeable future they will lose
out to other processes such as electron beam
weldinag,

The laser will find application for precision
welding of small components (in which it will
compete with low power electron beam)s and for
surface treatment,

The tendency towards increasingly severe ser=-
vice conditions will make the use of heat and
corrosion resistant coatings more common, also
inserts and dissimilar metal joints.,

Greater use will be made of 'in process' quality
and control, and of instrumentation.

- 1985

1,

Computer aided manufacture will use a network of
graphics terminals to inform management on the
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3.

4.

Se

6.

Te
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shop floor of the situation of zny product and
some will convey ‘set up' and operations instr-
uctions,

Increasing pressure will arise on material con-
servation and a certain amount of reclamation
will occur, some of it enforced by statutes.,

NC machine tools will not r.ormally by now, use
paper tape, ‘'floppy disks' will have taken over.

The cost of part programming will be reduced by
one third by computer aids on interactive pre=-

and post~processing and by axpanded data basese.
Computer Graphics will be in use for CAD - CAM
by 4bout 5% of compa.ies. ...

Computer aided material handling systems integ-
rated with manufacture will be used by a small
(22) number of companies but this will
grow ~ see 1990, s.¢

Smaller companies will have only 1% of
their work designed by computer interactive
graphics which in turn is used by CAM. e«

By this time 10% of all manufacturing
industry will have a considerable amount of
automatic inspection ('on line') with diminish-
ing ‘'post manufacture' inspection. This process
will extend well beyond engineering products
into such areas as textiles, paper and box or
can manufacture. This will be a continuous

area for development -~ see 1995, e¢eo
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In these years the proportion of companies using
integrated CAD - CAM for both product and tool
design will be

U K - 5% 10%
Japan - 10% 20%
USA - 10% by 1990 these figures = 25%

Managers expect working hours to reduce to 38 per
week.

Consultation will be unkrersal with workers in at

least 30% of all companies engaged in manufacture. -«

Office staff will be working under some forms of
productivity schemes, though this is considered to
be difficult to instali.

Computers witl be utilised by the majority of man-
ufacturing .nits, certainly those with at least 250
employees and most processing plans will be done by
computer, this will reduce management (menual)
paperwork,

50% of manufacturers will have costing and machine
scheduling on computers and this information will
be available to managers on request on their desks
by VDU display.

Mini and micro computers will be used to assist
both physical movement and information in Mater-
ials Handling gituations.

In precision turning and grinding 'in-process’
sensing of finish and dimensions will reduce scrap
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21,

22,

23,
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by 25% : and eliminate much 'post' manufac-
ture inspection.

It should be possible to predict and specify the
surface finish needed to give required 'wear life'

in rotating shafts or sliding surfaces.

Adaptive control strategies for metal removal by
turning, rolling or grinding will be available and
these will be adopted by 10 # of industry -
see also 1990 and 1996.

Both paint spraying and automatic welding by
Robots will be widespread where it is applica-
ble (i.e. up to 40 % of industry using these

processes) .

Lasers will be used for 'in process' control

(non-contact) of accuracy. sse

The structure of most new machine tools will be
composite to avoid vibration and to give stiffness
and thermal stability and reduce noise.

In the U.S.A. many industries will use Group
Technology, 10% by 1987.

l.asers will be used for cutting and welding both
here ond in the U S A,

Software systems will be developed to predict
costs based on part definition only.

75 % of U S A assembly systems will have
automatic inspection.
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By 1985 direct labour in car final assembly will
be replaced by programmable automation; 307%
is thought 1likely.

Part storage and retrieval in the U S A will be
auvtomatic.

- 1987

2.

3.

5.

In the U S A by 1987 they consider that 104
of all machining will be done by Groun Technology. sa».

Working hours will be reduced to 36 per week.

The knowledge will be available to use the compu-
ter to indicate whether it is economical to emp-
loy Group Technology for any particular part. es»

By this time in larger firms 50% of all the
process paperwork for manufacturing will be compu-
ter generated, As a result there will be 5 25%

or 30 % reduction in machine tool
part-programmers but where there is more CAM there
will be more CAD and there may be some transfer
to the designer. «¢ee

20 ¢ of all printed circuit »oard and elec-
tronic manufacturers will use part classification

and coding systems. esee

50 % of electrical wire harnesses and auto-
motive harnesses insofar as they exist in their
present form will be designed by CAD, s>
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Automatic assembly will have penetrated into 23%

of mass.-production companies.

The Japanese predict coding of shect metal parts
for classification, by 20 ¥ of companies; cse

A harmonised scheme of working for most of the
work force, i.e. not many hourly paid workers,
but flexible hours of work for office staff will

not extend to production workers in general.

There will be a conslderable extension of all
types of standards arising from EEC regulaticns,
Health and Safety and Consumer protection and also

for manufacturing reasons.

Most NC machines will have dedicated micro-ccmputers
at this time.

Spark Erosion (SF) will have developed and become

the dominant method for tool making where applicable.

20% . of mass production companies will be
using dedicated automatic assembly by which time
modular robots wili exist which will make equip-
ment prices competitive with specially designed
single purpose automatic assembly equipment. These
will be in small quantity until 1990,

In the U S A 50% of new machine tools manu-
factured will be NC,
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= 1989

1,

20

3.

5.

In the field of electronics manufacture it is ex-
pected that this industry will be a leader in the
application of computer aided ideas. CAD and CAM
will be applied to 50% by these years. sse

Computer programmes for die making control and
optimum design will exist.

By 1989 some 757% of all CAM systems will be
relying on distributed computii gy system conceptse.
It is considered that only 10 or 20 % of the

systems will rely on control or main frame computers. s»se

The proportion between differing systems is thou-
ght to be (sz2e figures)

NC CNC DNC

— c———

U K 10% 80% 10%
Uuca 20% 50% 25%
Japan 30% 40% 30%

There is considerable doubt as to whether any larg:2
proportion of NC machines will emplcy conversatio-
nal interrcgation based on set 'menus' from the
'shop floor' since it is likely that control would
be lost in large units. Some spe¢rialised small
units may use this for jobbing work.

By 1982 the J S A think that 20 7% of manufac-

turers will have a computer model of their operations. e¢s.

20 % of mass production industry will by this
time be using dedicated automatic assembly robotse esee
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Central computers will ccontrol 80f of

'in process' and finished parts inventory.

- 1991

4.

Se

7e

Many people expect it to be necessary to ration
enerqgy and certain raw materials particularly some
metals. see

10 % of all special tool and fixtures will
be designed by interactive computer graphics. es-

25 % cf all machined parts will be designed
on interactive computer graphics in the larger
companies and 10 % of these results will be

introduced through CAM, ..«

About 10 7% of all machining operations and
some types of fabrication will be made on group
technology or ‘cell' operations in the larger
companies. This procedure has not always been

economic for foundry or fabrication.

50 7% of process plans will be computer

agenerated in the larger companies. eee

Developments of optical scanning ci drawings and
digitising will put CAM data into data kases for
either retention or subsemuent processing - some
engineers question the economics of this develop-

mente

Classification of laser (optical) scanning of
labels for inventory control will be used by 10%
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in materials handling. see

8. 257 of set up and orerations instructions
will be conveyed on video screens from computer
graphics to the shop-floor supervisors. e

9, By this year 75¢% of all conventional NC
equipmenc will have been replaced by CNC or more
likely DNC equipment. eoee

1qQ, 20 % of all small batch companies will use
programmable robots for some forms of automatic
assemblies but usually not unless the batch size
is 50.

11, Paper tape will be largely superceded by 'floppy
discs' or ‘diskettes' VDU type CNC which will be
capable of supplying job operations, graphics,

‘set up' data instructions to the operators. « s
12, U S A expects the work week to be down to 32 hours.

13. 50 % of the working force in Marufacturing
will be siiilled largely in compucer maintenance....

14, The U S A and the U K consider that by this vear
20 ¢ of industry will have combined mater-

ials and procecs planning in computer aided control. ...

15, The U S A, Japan and the U K all agree that Ly 1990
methods development will be performed by computer
for 33 % of this work instead of by manual
staff. This also applies to the development of
standards and for process control.
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In the U S A it is considered that 75 % of

simple prcgramme contrclled equipment will be re-
placed by multi-stored programmes and multi-
processor control. esee

20 % of industry will use adaptive concrol
strategies for metal removal - turning, grinding
and milling,

There will be a marked reduction of noise from
machine tools - possibly 95dB will be mandatory.

Robots should by now be able to assemble “families"
of parts (as opposed to single items) because op-
tical identification will be possible.

30 % J)f assembly will be made by structural
adhesi -s.

The Amnericans predict a 32 hour week by which time
some 50 % of the work force will be skilled.

- 1993

1,

3.

10 % of smaller comp inies (less than 1000
staff) will employ Group Technology or "cell”
manufacture by 1593 although size is not a major

criterion. ...

20 % of yk industry will by this time have a com-
puter model of manufacturing operations, eee

25% of all manufacturing units will have

installed computerised:;
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a) Control of stocke
b) Automatic identification of items.

c) Using pallets to convey through the whole
process - this may be a y=ar or so later
than (a) and (b).

- 4, Tinere will be general availability of facilitliles
for automatic sensing and replacement of broken
or worn tools.

1994 - 1995

1. Robots will a’so be installed in S0 % of
industry where CAM is used.

2. 25 « of machined par:s will be designed
by computer-interactive-graphics ever. in the firas
with less than 1000 employees.

3. Working hours will reduce to 32 but it is unlikely
that a four day week will ever be adopted. Small
comparnies will use Group Technology at this time
for 10 % of all machining opera*ions.

4, By this time some 26 % of all machire tools
installed will have the following characteristics:

a) Automatic loading and unloading and transfer.
b) Sensing and changing tools for wear or breakage.

c) Complete monitoring and recording by computer.

e e
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Smaller firms will generate 50 % of their
process planning on computers as well as manufac-
turing paperwork for parts and assemblies; and
30 % will use NC even in companies with 50
workers only.

Feedback sub-systems ('on line') will sense and
correct deviations (back to the part standards)

in 257% of manufacturing organisationse -..

Operations of the manufacturing process will be
r.odelled by 25% of companies in 1995 but
even by 1992 there will be perhaps 20%. -..

20 % of machine tools supplieu at this time
will incorporate necessary co-ordinate measuring
(probably of a non-contact nature) and feedback
control to adjust deviations, =-+-°

The percentage of special tool and fixture design
by computer grarhics will by now be 25%. ¢o-

It will take until these years for as many as
25% of all smaller companies (100" or
less) to fully implement CAM, This will also be
the case where the batch sizes are normally as
low as 50 off. ,..

Industrial robots will be integrated into CAM
systems in 50% of companies where there 1is
assembly - moving -~ etc.

For very small units perhaps rather later. ...
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13, Mos*% of manufacturing work fore¢es will have to
become highly skilled in diagnosis and maintenance
of automatic machirery and computers,

1k, All firms will hold information and motivating

sessions to maintain staff morale.

1996

1. 25 % of machine tools will form part of a
versatile michining system with automatic part
handling between machines with cerntral process
control.

It is considered that any results beyond this year would
be unreliable.”
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ANNEX
QUESTIONNAIRE

P
4

TECHNOLOGICAL PERSPECTIVES IN THE

MACHINE TOOL INDUSTRY IN THE NEXT

DECADE AND THEIR IMPLICATIONS FOR
DEVELOPING COUNTRIES

By

Dr. S.M. PATIL
QUESTIONNAIRE

1., What technological changes, in your opinion
could take place in the next two decades in
the field of machine tools produced in the
industrialised countries, rarticularly re-
lating to the following areas:

1.1 Metal cutting and metal forming
processes;

1.2 Control system: DRO ang NC-CAD,
CAM and adaptive controls;

1.3 Will there be more of plasma

cutting, laser beam technology,
explosive forming, rotary forming etc.

2., Will there be a grcater emphasis on N.C.
controls and 1f so, of what type?
Will computer aided manufacturing tech-

nology replace largely the traditional
production methods?

3. What are the principal chanaes in machine
tool design which could take place in view
of sore of the above changes taking place
in metal cutting and metal forming techno-
logy in the next two decades?
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What are the new developments in cutting
tools and press dies particularly -siewed
against the background of some of the

innovative changes taking place in machi-

ning processes and machine tool designs?

4,1 Ceramic tools - could they become
more adaptive to practical appli-
cations?

4,2 Machine tools with high and super
high speeds will cut metal at
higher speeds and feeds, with a high
degree of precision ard finish.
Will the present types of sintered
tungsten carbide tools 'mndergo
further ~zhanges in metallurgy and
tool geometry?

4,3 Could you corceive of any new types
of cutting tools?

In sophisticat=d industies like aircraft, srace
and nuclear, more and more hard metals are

going to be used,

5.1 Will this reflect on designs of
machine tools, cutting and m-tal
forming processes?

5.2 Cutting tools will have to be simul-
taneourly developed to meet this
challenge. How and in what specific
areas are these developments going
to take place?

Will there be any scope for computer inte-
grated automatic factories? If this happens on
a large scale, what are the implications for

machine tool design and production
technology?




8.

10.

In view of rapid and revolutionary changes
that have taken place over the past three
decades in machine tool designs and cutting
tool applications, do you think that the
scope for general purpose machine tools
(GPM) will Qiminish specially in the indus-
trialised countries?

If the answer 1is yes, d2 you think taat
for many applications particularly in
small bateh inexpensive production, one
could use economically sorhisticated
replacements of GPM?

If the enswer is noc, could you assess what
important changes will still be inevitable
in design and applications of GPMs?

What is your advice for develoning
countries (DCs) intending to update and/cr
start their machine tool industry? Do they
have to take uo more sophisticated
designs, which are/and will be produced

in the industrialised countries? 1If yes,
what is the essential infrastructure

they have to build up? If no, do you think
that DCs should go in more for manufacture
of GPMs? 1If GPMs are to be made by DCs
what s andards of designs should they take
up? Do you advocataz them 10 go in for certain
types, say for example, the cone pulley
lathes or modern designs of all-geared
headstock lathes?
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149

15.

If you consider that DCs should stav on

manufacturing GPMs of modern designs,

don't you feel that technclogically

they would continue to be at a disadvantage and have to
import their requirements of advanced

designs of machine tools permanently

from the develcped countries?

How will they find resources to import
their requirements of more advanced
designs of machine tools? Do you advo-
cate export by them of the mcder: types
of GPMs to the develonped countries?

How best can the advanced countries help
the DCs to acquire new and modern designs
of machine tools and production technology?
Have you the right environment to develop
some of these designs which perhans are
nowadays not being produced or ranidly
being given up by the developed countries
in prefercuce to highly automated ang
special types of machine tools?

Is5 there scope for sharing the machine tool
marke: of the world between the developed
and developing countries = with developed
countries exporting advanced designs of
machine tools and DCs exporting modern
general purpose machine tocls to the

world markets including the industri-
alised world?

If so, what suggestions do jou have for
the DCs to enable them to build up their
capacity and technoloqgical strength?
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17.

18,

19.

In what specific areas of machine tools
could the industrialised countries do mare to
advantageously transfer technology and
licence designs and know-how?

Do you feel some of the mcre aavanced
machine-tool-producing developing
countries couald licence designs and
transfer tne technology better than the
highly advanced developed countries?

If yes, what are the special areas

where they could fit in better and

where DCs would still need to co-operate

with advanced countries?

What is ycur opinion about the possible
implications of rapid developments in
machine tool designs and production tech-

nology in the developed countries on DCs?

If the implications are such that the
DCs are going to be left behind in
their industrial development and

the technological gap between them and
the industrialised world could thereby
vastly widen, what are the possible
repercussions of such a state on the

industrialised countries themselves?

Will they not be losing a part of the
potential market for their industrial
products and services? 1Is it not better

to enhance the purchasing power of the
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developing countries so as to convert thkem
into becoming good prospective markets
for the developed world?

Will not mutual trade and equitable distri-
bution of wealth and affluence between
North & South result in a more harmonious
atmosphere in the world and reduce social
strains, stresses and upheavals? If so,
what do you suggest DCs should do in
developing and stiengthening their indus-
trial base and technological capacity in
general and in particular to enhance their
machine building activities by updating
production technology and designs of
machine tools produced by some of them
and others who have no machine tool industry
as yet, to initiate steps to manufactur=:

modern machine tools?

Banqgalore
'7,.4,1980
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Date Place Persons met
SWITZERLAND .
19,5,1980 Zurich Dr.Stephen Renz
President
Dr.B.E.Meyer

Vice President
Marketing and
Engineering

20.5.1980 Zurich Prof. E.Brem and
his colleagues

UNITED STATES

27.5.1980 New York Mr.Thomas R. Rudel
Chairman of the
3o0ard
29,.,5.1980 Detroit .r.Kurt Tech

Vice Presidant

Mr.Robert W.Kynast

Director

Corporate
Engineering




AND PERSONS INTERVIEWED

Institute/factory Remarks
Oerlikon-Buhrle Discussions
Machine Division followed by
Machine Tool Works «w visit to
Oerlikon-Buhrle AG the factory

CH-80§Q ZURICH 11
Birchstrasse 155

Switzerland
Bidgen8ssische Tech- Discussions
nische Hochschule

ZURICH

Bergstrasse 18

Switzerland

The V&0 Press Co., Inc, Discussions

100 East 42nd Street followed by

(19th Floor) a visit

NEW _YORK CITY

U.S.A.

Cross & Trecker Corp. Discussions

FRASER (Detroit) followed by

U.S.A. a visit to the
factory

The Cross Company
17801 Fourteen Mile Rd.
FRASER

Michigan 48026

U.S.A.




2.6,1980

3.6.1980

3.6.1980

4.6,1980

4.6.1980

Chicago

Greenlake
Wisconsin

Fornd-du-Lac
Wisconsin

Fond-du-iLac
Wisconsin

Mi lwaukee

Peranns met
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Mr.Melvin D,Verson
Chairman

Mr.,Ralph J, Kraut
Chairman of the
Board

Mr.Orville E.,Erhardt
Vice President,
Manufacturing

Mr.James B.Simon
Vice President,
Engineering

Mr. S.M.Marathe

Supervisor

Industrial
Fngineering

Mr.John R,Joerger
Vice President
International Sales_



Verson Allsteel
Press Company
1355 East 93rd Street
CHICAGO
Illinois 60619
J.S.A.

Giddings & Lewis Inc.
545 Illinois Av,
GREENLAKE

Wisconsin 54941
U.S.A.

Glddings & Lewis

Machine Tool fo.
142 Doty Street
FOND DU _LAC
Wisconsin 54935
U.S.A.

Giddings & Lewis
Electronics Co.

666 South Military Road

FOND DU LAC

Vilsconsin 54935, U.S.A.

Kearney & Trecker
Corporation

11000 Theodore Trecker
Way

MILWAUKEE

Wisconsin 5321k

U.S.A.

Discussions
followed by
a visit to

the factory

Discussions

Discussions
followed by
a visit to

factory

Discussions
followed by
a visit to

the factory

Discussions
foliowed by
visit to
the factory
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6.6.,1980

6.6.,1980

9.6,1980

12.6,1980

UNITED KINGDOM

17.6,1980
and

18.6,1980

Cincinnati

Cincinnati

New York

Los Angeles

Brighton

Dr.E.Merchant

Director of
Research
Planning

Mr.William H.
Ackerman
General Manager

Mr.V.A.S.Setty
Director

Mr.Anderson Ashburn
Editor

Mr.Frank S.Wyle
Chairman of the

Board

Mr.David Sinclair
Directer and

General Manager
N.C. Division

Mr.Graham Felstead
Director, Designs
21d Developmert

Mr.James Dawson
Manager, Marketing

Cincinnati Milacron
Inc.

4701 Marburg Avenue

CINCINNATI

Ohio 45209, U.Z.A.

HMT (International)
7968 Kentucky Drive
FLORENCE

Kentucky 41042

‘J.s .A.

Ltd,

Americen Machinist

1221 Avenue of the
Americas
New York, V.Y.

U.S5.A.

1CH02

Wyle Laboratories

128 Maryland Street

EL SEGUNDO

California 90245, U.S.A.

Kearney & Trecker

Marwin Ltd.
Crowhurst Road
Hollingbury
BRIGHTON BN1 8AU
U.K.

Discussions
followed by
a visit to

the factory

Discussions

Discussions

Discussions

Discussions
follcwed by
a visit to

the factory
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JAPAN
11.8.1980

12,8.,1980

12,8,1980

13.8,1980

Tokyo

Tokyo

Tokyo

Parsone met

Mr.Michio Oiwake
Director ganag

General Manager

Mr.Toyo Yasui
Manacger, Design
Department

Mr.Isao Deura
Export Represen-
tative

Mr.Hiroyasu Kagawa
Managing Director

Mr.Takenori Tsuchiya
Manager

Mr.Ichiro Kuwata
Managing Director

Mr.Masaya Kitai
President

Kitai Sangyo Co.,Ltd
1.4 12-22 Horfune
3-Chome, Kita=ku
Tokyo

Mr.Hiroshi Matsuda
President

Institute/factory

Nippon Bankan Kogyo

Co. Ltad.
Omoril Kitaguchil Building
5-13 2 Chome Sanno

Ota=ku
TOKYO 143, Japan

Mitsul Seikl Kogyo
Co. Ltd,.

2=13=1 Shimomaruko

Ota=-Ku

TOKYU 146

Japan

Japan Metal Forming
Machine Builders
Association

Kikail Shinko Building

5=-8, 3=Chome Shibakoen

Minato=ku

TOKYO, Japan

Japan Small Machine-Tool
Builders Association

506 Kikaishinko

Kaikan Buildirg

3=-5-8 Shibakoen

Minato=ku

TOKYO, Japan

geggui% Seiki Co.., Ltd.

banshitsa

Higashi-Tada, Kawanishi City
llyoge Pref, Japan 656«01

Discussions
followed by
a visit to

the factory

Discussions
followed by
a visit to

the factory

[}

F
Discussions O
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12,8.1980

14,8,1980

18,8.1980

)| »1980

Ossaka

Chiba-Ken

Shizuoka

Mr.Masahiko Fujimoto

General Manager

Production Planning
Dept.

Mr.Goro Tejima
Directo#, Manager of
Production Division

Mr.Toshio Shiina
Manager, Sales Eng.Debvt.

Mr.K.Iwavoshi, Manager
Production Planning Section

Mr.Goro Yasui
Manager, Sales Eng,Dept.
Machine Tool Division

Mr.Akira Akune
Manager, General
Admin. Dept.

Towa Building
(Room No,702)
26, Shiomachi-Dori
4~-Chome, Minami-=ku e
OSAKA 542, Japan <«

Hitachl Seiki Co., Ltd, ulscussions

1, Abiko followed Ly
Abiko-8hi a visit to
CHIBA-KEN 270-11 the factory
Japan

Toshiba Machine Co., Ltd. Discussions

2068-3 Ooka followed by
Numazu=-Shi a visit to the
SHIZUOKA-KEN factory

Japan

L -y Py
ll
[
Persons met Institute/“actory Remarl s
Mr.Shinshichi Abe Japan Machine Tool Discussions
Executive Director Builders Association
3=-5«8 Shibakoen
Mr.Yutaka Takahasghi Minata-ku
Manager of Technical TOKYO
Japan
Mr.Y.Matsumoto Toyo Kikai Boeki Discussions
President Kabushiki Kaislra




Ssitama

20.3.,1980 Saitama

Mr.H.,Samura
Director

Mr.Ken Sekiguchi,
Manager, Machine
Tool Division

Mr.M.Umehara
Deputy Manager
Administrative Dept.
Machine Tools anrd

" Measuring Instru-

ment Division

Mr.Tomotsune Abo
Director, Technical
Laboratory

Citizen Watch Co., Ltd.
840 Takeno Shimotomi
TOKOROZAWA-SHI

SAITAMA, Japan

Citizen Watch Co,, Ltd,
Laboratory
840 Takeno Shimotomi

Tokororzawa-shi, SAITAlA

Japan

Institute/factorv Remark s
20.8.1980 Tokyo Mr.M.Hayami Citizen Watch Co., Ltd. Discussions
Senior Managing Director Shinjuku Mitsul Building followed by
1-1, 2 Chome, a visit tn
Nishi Shinjuku the watch
Shinjuku-=ka factory at
TOKYO, Jar.an . Tanashi-shi
Mr.Y.Okamoto Citizen Trading Co.,, Ltd.
Executive Dir-~ctor, Shinjuku Mitsul BuilAing
Marketinqg 1-1, 2 Cnome,
Nisnl Shinjuku
Shinjuku-ku
TOKY0, Japan
20,8.1980 Tokyo Mr.Kenji Nissato Citizen Watch Co., Ltd. Discussions
Director and 6=1-12, Honcho followed by
Manager of Maching Tanashi-shi a visit to
Tool Divisior TOKYO 18%, the machine
Japan tool Tactory

Discussions
tolloveqdq by

a visit to
the Laboratory




Date Place Persons met Institute/facztory Remarks

20.8,1980 Tokyo Prof.Dr.Kiyoshi Nishimoto Tokyo Institute of Discussions
Department of Mechanical Technalaov
Engineering 2=12-1 Chokayama
Meguro-ku
TOKYO
Japan

- 86"1 -




AUSTRALIA

28,8,1980
and
29.8,.,1980

1.9,1980
to
4,9.1980

Melbourne

Sydney

PrOfo

The author attended the 3I0th feneral Apgemhly of

International Institution for Produvcztion

Engirneering Research (CIRP) held in Melbourne and
Sydney, Australia from 28.8,1980 to 4.9.1980.
Some of the participants with whom the author

had discussions are named below.

G.Lorenz

Senior Principal Rese~rrch Scientist
Commonwealth Scientific and

Industrial Research lOrganization (0OSIRQ)
Division of Manufacturing Technoloay
88 Kerr Street,
FITZROY, Victoria, Australia 3065

Prof.

J.Peters

Institut voor Werktuigkunde
300 B Celestijnenlaan

3030 HEVERLEEZ

Belgium

Prof.R.,Welll

Technical Secretary of CIRP

Faculty of Mechanical Engineering
Technion - Imrael Institute of Technology
lechnion City, Haifa 32000

Israel

Dr.E.Merchan
Director of Research Planning

Cincinnati Milacron. Inc.
4701 Marburg Avenue

CiNCINNATI
Ohio 45209, U.S.A.

e
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Dr.Ehud Lenz

Professor of Mechanical Engincerirg

Vice President for Researcu

Tech .ion - Israel Institute of Technoloqgy
Technion City, F¥aifa 32000, Israel

Mr.,M,Veron

Centre Universitaire de Commande Numerique
(CUCN), Laboratoire d'Flectricite at A'Automation
Université de Nancy '
C.0e 140
54037 NANCY-Cedex
France

Prof. Dr. Ing. Elso Kuljanic
Technicki fakult:t Rijeka, Universi<y of Rijeka
N.ustanka 58, 51000 RIJEKA, Yugoslavia

Mr,.Tetsutaro Hoshi

Doctor of Engineering, Professor, School of Production Systems
Toyohashi University of Technology

l-1ly Hibariga-oka, Tanpaku, TOYOHASHI, 440, Japan

Dr.Ing.Hans-Jurgen Warnecke

O.Professor, Iastitutsdirektor

Institut fur Industrielle Fertiqung und
Fabrikbetriep, Universitat Stuttgart
Holzgartenstrasse 17, D-7000 STUTTGART 1, Federal Republic of Germany

NOTE- On 3 September 1980, at a Group Meeting of the participants of the 30th General Assemos.y
~—  of CIRP, the author initiated a discussion on the subject of this study and
discussed the guestionnaire (see Annex JII) with themn. Valuab’e suggestions were made by the
menmbers, some of which have been incorporated in this study.



Date Place
SWITZERLAND .
6.1C.1980 Zurich

SOVIET UNICN

13,10,1980 Moscow
13.10,1980 Moscow
14.10,.1980 Moscow

Dr.B.E.Mever

Vice President, Marketing
and Engineering

Machine Tool Division

Mr. Hans Gut

Mr.Vasilyev Sergey
Vladimirovich

Candidats of Technigal
Science

Latorator: Chief

Mr.Shuvalov Vliadimir
Yulyevich

Candidate of Technical
Science

Mr.Ic¢or K.Koukin
Deputy Director

Mr.Yurh A,Savinov
Doctor of Economics
Head of Research Dept.

Mr.2laxei S,Kosymnin
Senior Economist

Oerlikon-Bilihrle AG
Machine Tocl Works
Birchstrasse 155
CH-8050 ZURICH 11
Switzerland

Experimental Scientific
Research Institute of
Metalcutting Machine
Tools (ENIMS)

S5-y Donsky proyezd, 21-b

MOSCOW V-419

USSR.

Derartment of International

Organizations
USSR State Committee for
Science and Technology
11 Gorky Street
K-9 MOSCOW, USSR

Market Research Institute
USSR Ministrv of Foreign
Trade

Discussions
(2nd rounA)

Discussions
followed

a visit to
ENIMS Insti-
tute

Discussions

Discussions

T04§




Date Place Persons met Institute/tactory Remarks
CZECHOS LOVAKIA
1€¢,10.1980 Pracue Mr.Milan Dlouh§ Research Institute of ' Discussions
First Deputy Director ' Machine Tools and followead by
Head of Machining Mechining a visit to
Technoloqgy Research Dept. {(VU0S0) the VUOSO
.. Na Zertvach 24, PRAGUE 8 = Institute
Mr.Ing. V.Dvoracek Czechoslovakia
16.10,1980 Prague Mr.Josef Bubeni&zak Ministry of General Engi- Discussions

neering of the
Czechoslovak Socialist
Republic

PRAGUE "1

Namesti Maxima

Gorkeho 32

Czechoslovakia

Ms. Jarkila Drnovska

16.,10,1980 P que _ Ing. FrantiSek Hori¥ka TOS Hostiva¥ Visit to the
(R.ostivar) Chief Technologist U tovaren 31 factory
) 102 12
HOSTIVAR
Czechoslovakia

17.10,1980 Sezimovo Usti  Ing.Dvo¥ddek KOVOSVIT Visit to the
IVU 320 . . factory
SEZIMOVO USTI
Czechoslovakia

BELGIUM

18.10,1980 Brussels Mr.Emile Deletaille Mondiale Ltd., Discussions
President 13 Rue de Sablons
BRUSSELS, Belgium
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ate Place Persons met Institute/factoury Nemarks
FRANCE
18.10.1980 Maubeuge Mr. Alvert Pascal Muller + Pesant (S.A.)
President Directeur 46 rue du Faubourg-St.-Lazare
Général 50605 MAUBEUGE
Conseiller du Commerce France
Exterieur de la France
LUXEMBOURG
19,10,1980 Luxembourg Mr.R.Yogeshway HMT (International) Ltd., Discussions
Executive Director Sclirondweller
LUXEMBOURG
BELGIUM
20.10.1980 Andenne Mr.C.Kirchen Pegard S.A. Discussions
President Avenue Reine Elisabeth 59 followed by
Mr.R.Vanolande B-5220 ANDENNE 3 visit to
) : Belgium the factory
Director, Commercial g

Mr.H, Beisemann
Director General

Mr.M.Chevalier
Design & Research Manager

For the discussions, Pegard invited:

Mr.Philipve Gaudissart

Ingénieur-Cnef de Service

C.R.I.F.

Centre de Recherches Scientifiques et Techniques
de l'Indus%rie des Fabrications Metalliques

Campus Arsnberg

Celestijnenlaan 3003

B-3030 HEVERLEE

Belgium
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Persons nmet

FEDZRAL REPUBLIC OF GERMANY

22,10.1980 Aachen Prof.Dr.Ing.Manfred Weck
Prof.lr.Ing.Wilfred Konig
24,10,1980 Dusseldorf Mr.}ranc Pecar

Chairman of the Board

Mr.Hans Gunther Fleck

BERLIN (WEST) Manaqing Director

28,10.1980 Berlin(West) Mr.Klaus Fleck
Director

28,10,1980 Berlin(west) Mr. H.Fenner
Manager Director (Retd)

29,10,1980 Berlin(West) Prof.Dr.-Ing.G.Sour
Director

Mr.S.Zaniusufoalu
Researct Assistant

Institute/factory

Laboratorium fur Werkzeug-
machinen und Betriebs-
lehre, Sommerfeldstrasse

2 Sammebau fur Maechinenwesen

D-5100 AACHEN, Federal
Repiiblic of Germany

Wotan=Weriie GmbH
Am Trip»elsberg 92

D-4000 DUSS:LDORF

Holthausen, Federal Republic
of Germany

Deutsche Industrieanlagen

(DIAG)
Fritz=Wern=2r Strasse

1000 BERLIN 48 (West)

DIAG
1000 BERLIN 33 (West)
Douglastrasse 22A

Institut fur Werkzeug-
maschinen und Fertigungs-
technik, Technische

Universiti3t Berlin

1 BERLIN 12 (West)

Fasanenstr. 90

Institut fur Produktions-
anlagen und Konstruktiors
technik

Kleis'r. 23-36

1 RERLI 30 (West)

Remarks

Discussions
followed by
a visit to
the
laboratories

Discussions
followed by a
visit to the
factory

Discussions
followed by
a visit to
the factory

- WOS -

Discussions
followed by

a visit to
the Institute

of Tool Design
and Productior

Technology
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FEDERAL REPUBLIC OF GERMANY

30,10.1980

31,10.1980
to
3.,11,1980

4.11,1980

Hannover Mr.Hans Rudiger H.Wohlenberg GmbH & Co.
Chairman Wohlenbergstrasse 6-8
Dr.Ing.Reihard Dornhoefer 2900 IANNOVER 1

Federal Republic of
General Manager Germany
(Industrial Engineering)
Mr.H,Diekmann
General Manager (Projects)

Bielefeld Mr.Xarl Grautoff Gildemeister Geschafts-
Chairman (Retired) beraich N.E.T.

Mr.Dirk Grautoff géldemeieter g Comp., A.G.
Director rsestrasse .
D-4800 BIELEFELD 1l
Prof.Dipl.~Ing, Federal Republlic of Germany
D. Weidenrann
Mr.H.J.Kreutner
Manager
Dr.Ing.D.Sankaran
Manager
Stuttgart Dr.Ing.Konrad Eckert Robert Bosch GmbH
President Wernerstrasse 51
STUTTGART-FEUERBACH
Mr.H.Zimmerer Fa ——
ederal Republic of
Technical Director Germany

Discussions
followed by .
a visit to
the factory

Discussions
£ollowad by

a visit to
tha factory

- 60§ -

Discussions
followed by
a visit to

the factory



unI'teD KINGDOM
5.11,1980 Manchester

6.11,1980 Manchester

6.,11,1980 Manchester

10.11,.1980 Coventry

Mr.A.J.McLaren
Group Vice President

Prof.B.,John Davies
Department of
Mechanical

Engineering

Dr.A.J.P.Sabberwal
Managing Director

Mr. N.T.Heaton

Director, Marketing
and Product Plans
and Services

Cross International
KNOWSLEY

Prescot

Merseyside L34 9EZ
United Kingdom

The University of
Manchester
Institute of Science
and Technology
P,O0, Box No, 88
MANCHESTER M60 10D
United Kingdom

TAC Construction
Materials Ltd.
P.O, Box 22
Traffort Park
MANCHESTER M17 IRU
Jnited Kingdom

John Brown Machine

Tool Divieion
Banner Lane
COVENTRY CV4 9GE

United Kingdom
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Discussions
followed by
a visit to

the tactory

Discussions

Discussions

Discussions
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