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I: INTRODIJCTION IO DIE MACHINE TOOL INPUSDY 

1 A SDATEGIC IMDUsntY 
The machine tool industry is a small manufacturing sector with 

worldwide sales of US$42 billion in 1989. It is a rather slow 
growing sector: its turnover was fifteen per cent of electronics 
industry's in 1974 and nine per cent in 1989. 

Table 1 World machine tool pro<iuction 
in perspective 

in US$ billions 

1974 
Machine tool 13 
Electronics 87 

1980 
26 

196 

1986 
29 

346 

Sources: American Machinist 

1988 
38 

430 

1989 
42 

445 

Yearbook of world electronics data 

Despite its relatively small size, the machine tool industry is 
widely regarde~ as a strategic industry. Its main importance lies 
in its role in the learning process associated with 
industrialization: it is the supplier of continuously improving 
manufacturing technologies which, through machine sy~tems and 
methods, play a major factor in the improvement of overall 
industrial productivity. This strategic role has often explained 
and justified the State involvement. However, apart from the case 
of centrally planned countries and of some developing countries, 
State enterprises are seldom to be found in this sector while 
industrial policies have focused on R&D promotion, procurement 
measures, restructuring efforts and modernization plan. 

Because of its impact on user ir.dustries, the existence of a 
competitive national machine tool industry may offer some 
advantage to the local engineering industry however, in most 
cases, there is no clear relationship between the competitiveness 
of a country's machine tool industry and the competitivfness of 
its manufacturing industries. Increasingly, it appears(l) that 
the world a..achine tool indus~ry acts as a transmitter of 

(l) Jacobsonn S.: "Technological Change in the machine tool 
industry. implications for industrial policy in developing 
countries", in New Iecbnolo&ies apd 1lob8l inciustrialization 
PPD.141 November 1989, UNIDO 
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technology to the engineering industries. 

2 MCHIRE TOOLS 

While machines are dedicated to the manufacturing of a specific 
product, machine-tools can be defined by their ability to perform 
a specific process. A large variety of me.chine tools has emerged 
over the years: there are some 3,000 different type~ which differ 
in the purpose for which they are designed, their size, weight, 
means of control, design of features and prices. 

2.1 tletal cuttiD& am •tal forwin& mchines 
Metal cutting machines tools are used to cut away surplus 

material from a piece of metal in order to produce a part with 
the desired shape and size. Metal forming machine-tools shape the 
metal without the use of a cutting tool, by pressing, forging, 
bending shearing, etc.(Box 1) 

The shares of cutting (75 per cent of total demand) and 
forming (25 per cen· ) machines have remained constant over 
time, however the structure within each of the subgroups has 
changed. Figure 1 shows the evolution in percent of world 
demand in value in 1980 and 1988< 2>. Due to the development 
of multi-functions machines, demand has slightly decreased 
in the share of turning ir.achines, boring and drilling machines. 
On the other hand the gains have been in machining centres 
and EDMs in specialized markets. 

2. 2 ConyeptiQMl , autQMtic and ••rical Control •chines 
Conventional machine tools are controlled by a skilled 

machinist who studies a blueprint and manually directs the 
machine based on his knowledge of the machine tool and his 
interpretation of the drawing. New devices have relieved the 
machinist of certain manual tasks but he retained the control 
over the operation of the machine. D~spite the diffusion of NC 
machines, conventional machines tools represent nine out of ten 
machines installed in the engineering industries of 
industrialized countries. 

(2) WS Atkins Management Consultants: Strate&ic study on EC 
gacbine tool sector, May 1990 A Report submitted to the 
Commission of the European Comir.unities 
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Box !: Main Machine Tools 

. :·tetal cuttin~ 

Lathes 
Hilling Machines 
Drilling Machines 
Boring Machines 
Grinding Machines 
Machining Centres 
Gear Cutting 
Broaching 

Metal formin' 

Presses 
Shearing, nibbling. 
and notching machines 
Bending and forming 
Forging and stamping 

Hanning And Lapping 
Physico-chemical Cutting 

Table 2, presents the results of inventories carried 
out in the United States of America (1988). Japan 
(1987). The largest population of machine tools can 
be found in thE United States of America with the 
mechanical engineering industries (which includes 
the machine-tool industry sub-sector) claiming 50 per 
cent of total installed capacity. In Japan 34.6 per 
cent of machine-tools are used by the transport 
equipment industries while the share of this sect· .. r is 
16 per cent in the United Kingdom and the United States 
of America and 24 per cent in France. 

Table 2 stocks of taebine-tools in hpan and 
United states of Amica 

11etal unufactures 
lleCbanical enqineerinq 
electrical,electronics 
transport equip11ent 
precision equip11ent 
others 
total 

United states 1988 
...mllt!tI per cent 

320699 13.8 
1157009 49.7 

425208 18.3 
378993 16.3 
28682 1.2 
16190 .7 

2326781 100.0 

Japan 1987 
~ per cent 

61207 7.7 
247231 31.2 
133175 16.8 
274060 34.6 

42994 5.4 
34308 4.3 

792975 100.0 
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Automatic machine tools were developed after the introduction 
of ne~ material for the tools in the early 20th century. Such 
machines tend to be built to carry out a specific sequence of 
operations making the maximum use of fixtures and toolin6. 
However, mass production accounts for less than 20% of the total 
amount of production within the engineering industries and most 
of the products are manufactured in small batches< 3>.The 
challenge of automating machine tools was to render them self­
acting while retaining their versatility. 

Whereas in a conventional machine the information is 
transferred directly to the machine by the operator and then 
from the machine to the piece in an NC machine such information 
is tr~nslated into a written symbolic language of the 
microprocessor which will develop the detailed working 
programmes so that the piece is produced according to design 
specifications. By simply changing the instructions, the machine 
can be switched from the production of one part to another. 
The NC machine allows for automatic component-positioning 
(selection of speed, control of the movement of the tool).The 
choice of the level of automation is a function of the size of 
the average job and the degree of flexibility required, as can be 
seen in Figure 2. While mass production industries, which are 
characterized by large annual production per workpiece and low 
number of different work pieces, will choose special purpose 
machines (eg the transfer line), industries where meny workpiece 
variants are produced in very small amounts, will find it more 
econom;_cal to choose stand alone NCHT. 

3 MACHINE TOOL INDUSTRY CHARACTERISTICS 

3.1 A Mtvre iqlustry 
The machine tool industry's share of GDP is less than 1 per 

cent in most industrialized countries, while its share vf 
manufacturing value added hovers in the 1-3 per cent range. 

The machine tool industry shares some of the characteristics 

( 3) In the United States a survey showed that approximately 75 
per cent of all machined parts were produced in batches of fewer 
than 50 units for which capacity utilization was very low. 
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Figure 1 · World demand by machine type 
in value term 

-1980 . : 1988 
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of a mature industrv: a slow growing output. a relati,:ely low 
rate of product innovation and a growing international 
competition from developing countries. The industry is b<.sed on 
mature mechanical engineering technologies with a few exceptior. 
(e.g. laser cutting) and technological advancement tends to be 
evolutionary rather than revolutionary. The level of investment 
in R&D represents on average 4 to 5 per cent of annual turnover 
.However, and in con~~ast to other mature industries the 
gualification of manpower is significantly higher 

The industry is known ~or its cycle which result from the 
multiplier effects of c:stomers orders and cancellations in 
response to the cycles of their own markets. This characteristic 
deters many capable persons to join the industry because of the 
high probability of periodic layoffs. 

Machine tool industry is also characterized bv its high 
degree of openness. Trade r~tio( 4 ) can be as high as 300 per cent 
in countries such as Canada or Sweden, while in most 
industri;ilized countries this ratio is in the range of 75 to 
100 per cent, Japan being an exception (50 per cent ) because of 
its low level of imports 

3.2 Market structure 
The market for machine tools is highly segmented and different 

strategies may coexist within the industry. The mechanical 
technologies and design requirements differ for each type of 
products and this led to specialization in narrow product lines 
for particular roarkets.(Box 2) 

3.3 Firms size 
By industry standards, large machine tool producers are not 

large firms. Table 3 lists top companies by world-wide sales 
of machine tools and closely related equipment such as numerical 
controls. 

Machine tool industry has been an ideal industry for 
entrepreneurial engineers who have typically founded small 
companies based on skill rather than financial strength. The 
presence of many small firms was made possible by production 
economies which were obtained from cumulative output of a single 
model:reputations were built around particular types of tools and 
the switching costs between different manufacturers products was 

( 4 ) The trade ratio is measured as import+export/Production 
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Box 2: Market differentiation 

There does not exist one machine tool market 
but several markets which can be categorized according 
to three specificities : 

dr·gree of specialization of the machine: a 
conventional lathe has universal application. while 
some machines are tailored made for one application 
only 
- its production volume : a machining center is well 
adapted for the prodaction of small series of 
differentiated products: transfer machines are used 
in large volume production 

its market potenti. ' : producers able to invest 
heavily will gain some hedge in large markets 

The following table shows the main competitive 
f::ictor for the three main segments. as well ;o_s the 
main suppliers and the forecast for the evolution of 
world demand for these markets. 

CONVENTIONAL NC MACHINES CONVENTICJNAL 
MACHINES UNIVERSAL NC SPEC I r.LJZED 

MACHINING 
CENTER 

MAIN COMPETITIVE 
FACTOR PRiCE PRICE/TECHNOLOGY TECHNOLOGY 

MAIN SUPPLIERS - EAST ASIAN 
COUNTRIES JAPAN F.R.G 

- EASTERN 
EUROPE 

SHARE OF 
WORLD MARKET 16% 36% 48% 

MF.DIUM TERM 
growth slackening growing growiPg 

Adapted from P.Fremeaux, R.Touboul: Machine outil 90 les enjeux 
BIPE Paris 1990 
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very high(S)_ The dispersion of the industry structure is 
particularly pronounced in Italy 

Due to diffusion of NC machine tools and FHS in the machine 
tool industry, the scale of production is increasing: Japanese 
firms have reached significant higher production volumes than 
most European and US firms. 

3.4 Subc:ontractin& 
In industrialized countries machine-tool enterprises buy in 

some components and rely quite heavily on sub-contractors: the 
percentage for the value of bought in materials and 
subcontracting range from 40 per cent (Europe) to 60 per cent 
(Japan).The tendency is to increase subcontracting with the 
greater use of component specialist:items such as ball screws, 
tool holders and base frames are subcontracted. 

The Japanese industry is inclined to subcontract and 
purchase component more than EC and US manufacturers. One of the 
consequences of this is that technical innovation initiated in 
the largest firms spreads quickly to the small and medium-sized 
firms. 

In developing countries, fully integrated machine tool 
complexes are usual and production mix is often be quite large. 
When the enterprises were first established, they were confronted 
with a lack of reliable local sources for such inputs as forging 
and castings which they chose to integrate. If the capacity (as 
well as the cnpaciLy utilization) is sufficiently high, the cost 
associated with an integrated plant will not be too great; 
however :f the capacity is low then the plant will not take 
advantage of the economies of scale in castings and will be 
unable to spread the cost of items such as testing equipment, 
over a sufficiently large output. 

3.5 Iecbnolo&Y intensive 
Machine tool f ir~s have design off ices whose main task is to 

(S) C.F. Pratten : "Econo~Ies of scale for machine tool 
production" in Tbe Journal of iruiustrial economics Vol 19 
1970-1971 pp 148-165 
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TABLE 3 Top l!achine Tool Colpanies in the world 

in US$ millions lacbine tool sales Total Sales employment 
1989 1988 1988 

YA!AZAKI IAZAK <DIP Japan 1183 796 796 3000 
FAIUC LTD Japan 1079 928 1055 1770 
LITTOI IJD IIC OS~ 730 600 4863 55000 
AllADA 00 Japan 1153 891 1019 1509 
ClOSS AID 'RECKER USA 456 428 4100. 

COIAO SPA Italie 380 3500 
~ IACllIIERY WJIKS Japan 665 551 592 1753 
CIICIIATI IULACROll USA 424 361 860 8400. 
IOII SEIKO CP Japan 635 488 1570 
TOYODA IACllillE WIK Japan 466 418 1045 4367 
DEOOL GROUP FIG 350 
IIGERSOLL llIDIG USA 366 345 400 4500 
GILDllEISTER FIG 313 
KOIATSO llTD Japan 474 398 5580 15801 
JIAKllO IULLIIG IACllillEIY japan 318 270 )51 
AIDA EllGIIEERIIG Japan 247 684 
AllADA SOIOIKE IFG Japan 390 307 537 
TIOJIPF GllBll FIG 340 302 2122 
BITAClll SEIKI Japan 346 275 1237 
FUJI l!CHillE 00 Japan 392 241 717 

• Including sales by foreign operations 
~: Alerican lachinist August 1990, August 1989 
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solve their customer specific problems as they arise from day to 
day. Links with universities have been traditionally limitedl 6>. 
With the advent of CNG machine tools and computer-aid used for 
manufacture of the main components of machine tools, many of the 
traditional skill-dependent operations have been eliminated even 
to inspection and test. The machine tool operator, for example, 
tends to be 3omeone with mathematical, and programming skills, 
while changing tools, material loading and unloading are tasks 
undertaken by semi-skilled operators. 

<6>with the exception of the Federal Republic of Germany where 
about 20 of the university institutes and many of the Fraunhaufer 
Institutes conduct work pertaining to machine tools. The 
institute at Aachen is widely considered to be the best machine 
tool laboratory in the world while others in Berlin, 5tuggart and 
Hannover ar~ highly regarded. 
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II: WORLl> llACHINE TOOL PRODUCTION AND TRADE 

1 PRODOCTION 
During the last two decades, world machine tool production< 7> 

measured in current United States dollars has increased from 
US$8 billions in 1968 to US$19 billions in 1978 and US$42 
billions in 1989 (Figure 3). 

1.1 JeediD& prnducer countries 
Table 4 presents machine tool production in the 35 main 

producing countries from 1977 to 1989. Machine tool production is 
heavily concentrated in a few industrialized countries. Japan 
has become the largest producer country, replacing the Federal 
Republic of Germany in 1982 while the Union of Soviet 
Socialist Republics remained the third producer; it is followed 
by the United States of America and Italy. 

The shift (Figure 4)among leading countries is by and large 
explained by their attitude regarding NC technology. This 
innovation born in the United States in the 1950's was not 
widely adopted by the American engineering industries while Japan 
has been a forerunner in its application. The MIT Co ... ission set 
up to identify the main causes of weaknesses in the US industrial 
performances, found(S) a pattern of interrelated factors, among 
which, two are specific to the machine tool industry: (i)Lack 
of export orientation: the small firms which had a regional view 
of the business. were reluctant to export and were not alert to 
developments in other countries (ii) Failure to capitalize on NC 
innovation. During the 1960's the diffusion of NC machine tools 
was slow and the United States of America lost progressively 
its leading position. 

<7>world machine tool production is traditionally measured as the 
aggregated production of the thirty five-countries reported by 
the American Machinist review. This total is claimed to 
represent 95 per cent of world production. Production and 
exchange data ref er to complete machine tools and exclude parts 
and attachments for most countries. 
<8 >H. Dertouzos, R.K. Lester, R.H. Solow and the MIT Commission 
on Industrial Productivity: Hade in &perica Re&ainin& the 
productive edse, 1989 The MIT Press Cambridge, Massachusetts 
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Tab 4 ~j~ tool l!roductiOD (1977-1989} OS~ lilliol§ 
in percent 

19TI 1971 1979 1980 1981 1912 1~83 1984 198S 19~6 1917 19aa 1989 1919 
Japan 1602 23SO 2912 3126 4791 3796 3541 4473 5316 6872 6419 8i22 9817 23.n 
FIC 2635 3396 4007 4707 3953 3505 3193 2803 3168 5185 6403 6572 6859 16.n 
Soviet Union 2202 2652 2902 3065 2932 2952 3077 2776 3035 3672 3976 4263 5000 11.9\ 
United states 2441 3004 4G59 4812 Sill 3748 2106 2423 2717 2748 2235 2519 3270 7.8\ 
Italy 878 1060 1354 1728 1513 1138 1037 996 lll5 1623 2585 2639 3067 7.3\ 
SVit~erland sao 768 930 994 846 816 766 759 955 1424 1652 1865 1797 4.n 
United Kingdot 588 821 1001 1395 933 781 573 675 783 916 1058 lSOl 1S97 3.8\ 
CDI 641 699 806 891 828 821 829 789 730 1001 1312 1457 1445 3.4\ 
France 591 723 877 954 809 621 561 465 499 657 766 876 1081 2.6\ 
allna (Tai11i'aJl) 58 126 198 245 294 186 205 244 278 367 578 782 1016 2.4\ 
PIC 3S5 405 420 420 440 470 475 U2 341 364 632 750 832 2.C\ 
Spain 191 232 316 353 319 259 193 211 253 396 575 702 795 1.9\ 
Republic of Korea 57 95 163 130 178 158 ll9 143 175 333 531 632 760 1.8\ 
lulania 120 294 459 590 625 615 439 353 324 306 618 663 708 1.7\ 
YUC)OSlavia 141 173 189 232 277 284 231 226 239 390 515 550 602 1.4\ 
Brazil 283 25S 317 31S 305 172 98 105 265 370 S75 536 458 l.U 
Czechoslovakia 309 363 358 331 358 Joa 375 325 33& 312 405 450 4SO l.U 
SVeden 146 166 221 232 205 180 157 158 215 214 258 359 403 1.0\ 
canada 71 85 159 194 269 264 290 199 199 209 244 344 383 .9\ 
Poland 583 679 420 405 310 151 105 121 148 154 323 320 320 .n 
Austria 96 ll2 101 166 lo& 160 12& 121 120 156 155 247 302 .7\ 
India &9 112 U1 165 209 187 217 264 245 270 27& 290 262 .6\ 
Belqi111 106 ll4 129 137 103 101 as 77 89 ISO 179 207 194 .5\ 
Bulqaria 30 30 41 43 201 221 182 192 132 143 140 195 175 .4\ 
llunqary 105 109 ll2 121 128 128 13S 148 175 180 210 134 124 .3\ 
Denlark 43 4S so S2 42 so 46 48 58 72 77 78 73 .2\ 
letberlands 69 66 83 65 60 48 120 120 43 65 47 78 72 .2\ 
Singapore 6 12 26 37 43 40 lS 21 34 34 3S 42 48 .u 
Finland 15 24 20 51 35 42 41 .u 
Arqentina 60 60 62 50 35 35 28 23 0 3S 48 38 .u 
llexico 6 14 15 22 24 19 13 25 18 17 21 21 21 .0\ 
Portugal 10 10 14 16 16 16 13 15 ll 13 19 19 17 .0\ 
Australia 18 l~ 18 18 69 44 66 66 36 40 45 12 16 .0\ 
Bong Kong 0 0 0 12 8 5 4 1 1 1 12 12 .0\ 
WILD TOTAL 15124 19063 23001 26741 26460 22367 19526 19976 22199 28917 33079 38073 42064 

Source: eo1piled frot Alerican lacbinist (different issues) 
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In contrast. several institutional features have !la.de Japan's 
industries especially well suited for the kind of flexibility 
required to use the new production technologies to full 
advantage. 

(i) work or&anization. Since the late fifties, in order to 
cope ~ith the small and fragmented nature of their 
automotive market Japanese producers have 111Gde efforts to 
adopt a more flexible attitude towards production. 
Shop-floor re-organization created a most favorable 
environment fr.t· the conception and diffusion of 
numerically con~~olled machine tools. 
ii) inciustria: 2olicy. The first law for the promotion of 
Specified machinery industries was written by HITI in 19~6 
and since then the industry adopted the objectives of 
reducing costs, improving quality and raising productivity 
through centralization of manufacturing. The machine tool 
builders w•re encouraged to develop modular standard 
products suitable for a wide range of users and to 
concentrate on the needs of small users and to tap high 
volume markets. These plans were supported by a panoply of 
market protection measures coupled with various financial 
incentives. <9>. 

Europe remains the leading source of technology in machine 
tool and even with respect to control and robotic technology the 
number of European patents have been slighter higher than Japan 
(Table 5). 

Within Europe, Yest Germany has taken the lead. The markat 
niches dominated by German builders tend to be in high end 
equipment and each firm produces a limited range of sophisticated 
machine tools. The growth of Italian machine tools industry has 
been also dynamic. As in the case of Japan, the growing demand 
for flexible equipment from small and medium-sized firms led to 
a boom in production of NC equipment and Italy is the second 
largest producer of such equipment in Europe. 

<9>As for examples lucrative sugar import licenses and latter 
hidden subsidies derived from State revenues coming from gambling 
on bicycles and motorbike races. See Clide V. Prestowitz,jr: 
Iradin& places. how we alloyed Japan to take the lead Basic Books 
Inc, 1938 page 222-223 
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Table c,. Number of patents applications _,. 

1982-1988 

EEC EFTA Japan USA 
technology 
Mechanical 9253 2169 4371 5082 
Controls 3852 552 3093 2746 
Robotics 656 152 582 393 
Laser Manufacturing 339 57 193 241 
Laser sources 672 28 844 684 
EDKs 112 92 241 50 
Ceramics 1511 159 1631 1237 
coatings 1453 179 1504 1537 
Powder metallurgy 443 106 459 495 

Source: Strategic study on EC machine 
industry Brussels 1990 

1.2 QeyelopiQ& coyntries 

The share of developing countries in wo~ld production of machine 
tools is 9 per cent in 1988, it is significantly less than the 
their share of world electronics output (14 per cent). Around 
twenty developing countries have entered into the industry< 10 >and 
developing countries' production is heavily concentrated in ten 
countt ies ( 11 ) . 

1.2.l. Engineering industries and machine tool deaand 
The existence of an engineering base is the first prerequisite 

to enter the machine tool industry for two reasons. On the dema~d 
side, engineering industries are by and large the main market 
of the machine tool sector while on the supply side the 
existence of supporting industries (i.e. castings, forging, high 
gratle steels, electric motcrs, high tensile nuts and bolts, 
tools, jigs and fixtures, electronic control) are needed for the 

(lO) In several developing countries machine tool producers are 
seldom not recorded by industrial statistics, being either too 
sTf\l units or integrated within diversified metal working firms. 
( That is: Brazil.China (PRC), China (Taiwan),Yugoslavia, 
Republic of Korea, Argentina, India, Mexico, Singapore and Hong 
Kong 
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setting up of a uiachine tool industry. There appears to be a 
clear relatio~ship between the machine tool apparent consumption 
in a given country and the level of d~velopment of its 
engineering industries {as measured by its value added(li)_ 
Figure S illustrates this correlation in the case of twenty 
develo?ing countries for which engineering value added ranged 
between US$200 millions to US$22 billions. 

The viability of a machine tools industry in a developing 
country depends not only on the volume of production of the 
engineering industries but also on its composition: 

In the low income developing countries, the engineering 
industries are embryonic and consist mainly of metal 
products manufacturers (production of metal containers, 
domestic appliances, furniture aggregated in !SIC division 
381). The production of these itegs hardly requires any 
machining and can usually be achieved with the use of metal 
forming tools. Metal cutting machine tools are mainly used 
for maintenance and educational purposes. 

In countries where the engineering industries output is 
more important, the share of simple metal products 
manufacture {ISIC 381) represents from 30 to SO percent of 
the total engineering industries value-added. The firms 
engaged in production and maintenance of non- electrical 
machinery {!SIC 382) ~nd transport equipment {ISIC 384) 
are the main users of machine tools. The growing needs of 
these two sectors offer a market for machine tools which 
may justify the setting up of a domestic industry. 

Countries which have entered into machine tool production in 
a significant way are characterized by a value-added of 
engineering industries superior to a "benchmark" of US$ 1 
billion {in 1987); some production can be recorded in countries 
where the value-added of engineering industri~s is between US$100 
millions and US$1 billion. 

1.2.2. Largest producer countries 

{12) Excluding electrical '!lachinery value added because of the bias 
introduced by the electronics industry which is highly developed 
in South East Asia a~d is not a large market for machine tools 
and as recorded by UNIDO in Industry aru1 Development Global 
Report 1989/90 
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1.2.2.l.Argentina 
Production began on a large scale in the sixties and the early 

70's were considered as the •golden years" for the machine 
tool industry. The industry was strongly affected by the 
economic crisis and the sudden and drastic reduction of 
protection. Investment and domestic productior. dropped and many 
machine tool companies went bankrupt: by 1985 the output had 
fallen to ~epresent one tenth of 1973 volume. After three 
years of deep crisis production rose to 10000 units and US$35 
millions in 1987 and US$ 38 millions in 1988 while consumption 
was down to US$50 millions. (Figure 6) 

1.2.2.2. Brazil 
The Brazilian (Figure 7) machine tool industry is the largest 

in Latin America. In 1970 Brazil produced half its requirements 
and exported within th~ Latin American Free Trade Arrangement. 

The economic crisis which led to a sharp reduction of the 
domestic market and, subsequently of the main export market 
(Mexico) led to a drastic reduction of output, and the industry 
underwent five years of deep recession (1981-1986). Due to the 
severe shortage in foreign currencies and the centralization of 
imports payments, machine tool builders were sometimes unable to 
purchase parts and materials from foreign suppliers. 

1.2.2.3. China 
In the People's Republic of China (Figure 8) machine tool 

production used to cover almost all its current needs; however 
oarallel with the modernization programme launched in 1978, 
i~~orts have dramatically increased to account for about fifty 
per cent of apparent consumption in 1988, as opposed to 14 per 
cent in 1978. The share of exports in production also rose from 
5 per cent in 1978 to 15 per cent in 1988. 

1.2.2.4. India 
Indian machine tool production (Figure 9) was able to 

manufacture most of the general purpose machines required by the 
users in the late seventies. It was however slow in introducing 
CNC machine tools. When the government introduced liberalized 
measures in the early 1980's, large scale imports of special 
purpose machines and of CNC machine tools took place which 
explained the increasing share of imports into domestic 
consumption (40 percent of domestic consumption in 1988). 
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1.2.2.5. Republic of Korea (Figure 10) 
After the mid-1970's. the machine tool industry expanded 

rapidly aided by a Government long-term development plan. From 
1986 to 1989. the Korean industry expanded dramatically and 
the increase of investment by engineering industries provoked a 
surge of machine tool consumption while the increase in wages 
l~d to an increased demand for factory automation. The domestic 
production was insufficient to keep up with the surge of demand 
and imports have represented 50 per cent of apparent consumption 
in 1988 (30 per cent in the late seventies). 

1.2.2.6 Taiwan Province of China 
Taiwan Province of China (Figure 11) is the world's eighth 

largest exp0rter. After five years of stagnation the appreciation 
of the Yen gave another impulse to Taiwanese exports which 
doubled between 1986 and 1988, while the increase i~ domestic 
invP.stment led to a surge in the domestic consumption of machine 
tools. Taiwan Province of China is the only developing 
country running a trade surplus in machine tools. 

1.2.3 Developing countries' comparative advantage<lJ) 

The comparative advantage of developing countries machine tool 
industries can be assessed by using three criteria: 

(i) the trade balance of the national indu~try: net 
exporter countries and net importer countries; 
(ii) the percentage of production exported (X/P) which 
demonstrates international competitiveness even though the 
industry may be a net importer 
(iii) the domestic industry share of the domestic market 
(P/P+M-X) which shows the degree of self sufficiency when 
coupled with the first measure demonstrates whether this 
self sufficiency translates into international 
competitiveness. 

Figure 12 positions the main developing countries according to 
these three measures in 1980 and 1989. They can be classified in 
five categories of countries 

<1 3 ) The methodology is adapted to the one elaborated by WS Atkins 
in Strate~ic study of the EC machine tool industry 
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(1) Yugoslavia is a net exporter and its production has 
achieved a high penetration of the domestic market, is in 
1989 the only country with all round competitiveness. 
(2) Taiwan, China province is also a net exporter, however 
it is characterized by a lower (but growing from 1980 to 
1989) domestic penetration: the growing domestic demand has 
encouraged imports but the local industry has focused on 
exports of volume and stalemate products and is a strong 
niche player (small and medium conventional grinding, 
machining centres, lathes and drilling machines). 
(3)Brazil, India and the People's Republic of China are nee 
importer and have a high domestic pene~ration: they appear 
to have strong local advantages which may be sometimes 
explained by high tariffs or artificial barriers. 

Argentina, Korea and Mexico are net importer and have a low 
domestic penetration. They can further classified according to 
their export ratio: 

(4) The export ratio of Argentina has grown significantly 
and this could suggest that this industry with a small 
market is competitive internationally in a few specialized 
products 

(5) Mexico and the Republic of Korea are characterized by 
their low export ratio (and diminishing in Korea) and can 
be thus identified as weak national industries. However in 
Korea, the industry has been able to meet half of the local 
demand which has grown very rapidly and it appears to move 
into the category of countries with strong local advantages. 

2 INTERNATIONAL TRADE IN MACHINE TOOLS 
in 1968, one third of world machine tool production was 

traded, and in 1988 this ration rose to 48 per cent. Exporting 
has made the machine tool industry a global one, and success in 
this global business now requires effective exporting. 

2.1 I.ar&est iwportin& and e:gportin& countries 
The ten largest importing and exporting countries (Table 6) 

have been ranked according to their avera&e exports and imports 
performances over the last three years (1987-1988-1989): 

The Federal Republic of Germany is the leading exporter 
and Japan ranked second since in 1978. While the .<;hare of. 
the United States in total exports declined, it was more 
severe in the case of European producers. 
-The largest import market is the USA followed by the USSR 
and the Federal Republic of Germany. In contrast to oth2r 
producer countries, Japanese imports remained low. The 
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FIGURE 13: Direction of Trade 1987 
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Republic of Korea and the People Republic of China rank 
eighth and ninth among main importer countries. 

Tab 6 Tbe ten lar&est 
Exportin& countries Importin& countries 

US$ milllions, average (1987-1989) 

FRG 4019 United States 2157 
Japan 3359 Soviet Union 1924 
Switze.:land 1553 FRG 1306 
Italy 1298 France 935 
GDR 1256 Italy 706 
United States 766 United Kingdom 700 
United Kingdom 605 Canada 646 
Taiwan (China) 517 Republic of Korea 618 
France 383 People Republic of China 531 
Yugoslavia 370 Belgium 395 

2.2 Pevelopin& countries imports 
Industrialized countries represent by and large the 

largest import market for machine tools:in 1980 and in 1987 
80 per cent of their exports were directed towards other 
industrialized countries (including Eastern countries) while 20 
per cent were directed to developing countries<14 >.(Figure 13) 

Exports to developing countries play a very significant 
role in the case of North America (34 per cent in 1980, 39 per 
cent in 1987) and increasingly in the case of Japan (from 29 
per cen~ to 34.5 per cent). The proportion of Western Europe 
machine tool exports to developing countries has decreased from 
18 per cent to 16 per cent, the same evolution has happened in 
the case of Eastern Europe (from 7.4 per cent to 7.0 per cent). 

Machine-tools imports statistics of 73 developing countries 

<14 > Export data are compiled from the Economic Commission for 
Europe and, unlike American Machines export figures, they take 
into account exports of parts of machine tool (ISTC 736) 
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between 1980 and 1987 <15 > show that the average value of import~ 
of machine tools over the 1980-87 period has been 

- less than US$ 1 million for 11 developing countries 
- between US$1 million and US$ 10 millions for 32 developing 
countries 
-between US$ 10 millions and US$ 100 2illions for 24 
developing countries 
-Only seven developing countries< 16 >have 
consumption) superior to US$ 100 millions 

For most of developing countries machine-tools imprrts 
represent less than 1 per cent of their total engineering 
products imports, and can hardly be considered as a constraint. 

While the global share of developing countries in 
industrialized countries exports ha5 remained constant in 1980 
and 1967, there has been a significant change between 
regions(Figure 14).The share of Africa has declined from 2.4 per 
cent to 1.5 per cent and the imports of Latin American countries 
have been deeply affected: that represented 8 per cent of exports 
from industrialized countries in 1980 and 3.7 per cent in 1987. 
In contrast, the share of developing Asia has increased from 7.6 
per cent to 12.3 per cent representing 60 per cent of developing 
countries imports in 1987. Western Europe remained the largest 
supplier of machine tool to developing countries< 17 > and Japan 
was second in 1987. While imports from developing Asian countries 
are relatively diversified, this is not usually the case for 
African and Middle Eastern countries which import mainly from 
Europe, or for Latin American countries which import from the 
United States and Europe. 

(lS) These data differ from American Machinist data: (i) UN 
statistics take into account import of spare parts (ii) they do 
not take into account developing countries imports of l48chine 
tyols coming from other developing countries. 
( 6 > including Taiwan Province of China which is not recorded in 
the United Nations Statistics 
<17 > ECE statistics do not take into account export of developing 
countries to other developing countries, however this South trade 
remains extremely limited in its amount. 
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3 FORECAST OF WOJ'.>.LD MACHINE TOOL IWUCET 

According to recent forecast< 18 > the world machine tool 
industry faces a continued period of expansion at an annual 
growth rate of 4 per cent in real term from 1988 to 1995. By the 
end of this period growth rates are expected to decline with no 
recession taking place. 

The strongest growth (Table 8) in demand could occur in Japan 
and in the developing countries 7) while the prospects in the 
United States of America and in CMEA countries are poorer. High 
import increase will take place in Japan, EEC countries and 
developing countries (S.2 per cent). 

The production forecast for the main world region present a 
bright outlook for the machine tool industry. The New 
Industrialized countries, Japan and EEC are leading the 
expansion. 

(18) Strategic study for EC industry. Forecast w~re made before the 
Gulf crisis and did not take into consideration the likelihood of 
a recession in main industrialized countries 
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Table 7 : iorld mj• tool torecm 19"-1995 

m: 
Enl 
CIE1 

iorld oa.estic DaDd 

Ulited States 
JapD 
Deftlopilg countries 

m: 
Enl 
CIEA 

iorld llpOrt 

United States 
Japu 
Deftlopilg countries 

iorld Export 

m: 
Enl 
CIEA 
United States 
Japan 
levly Industrialized countries 
DU> 

iorld Production 

m: 
Enl 
CIEA 
United States 
Japan 
tewly Industrialized countries 
DU> 

t 1915 prices 

Ecu billiOIS* Almaa.l qrwt:h rate ii 1 
1911 1980-U 1911-95 

7.70 2.10 5.20 
1.57 5.10 4.90 
7.17 1.30 1.90 
2.79 -2.40 4.40 
4.22 7. 90 5.IO 
2.09 9.20 5.30 

Ecu billiOIS 
1918 

1.12 
1.05 
1.39 
1.46 

.32 
1.17 

Ecu billiOIS 
19U 

3.51 
1.49 

.17 

.63 
2.59 

.26 
1.65 

r.cu billions 
19U 

9.39 
2.01 
5.95 
1.96 
6.49 
1.11 

26.91 

1llual qrwt:h rate ii 1 
1980-U 19U-95 

6 6.70 
6.IO 4.10 

-1.90 3.70 
6.IO 6.10 
6.10 11.40 
4.70 5.20 

lmRlal qrwt:h rate in 1 
1980-U 19U-95 

-.60 4.30 
7.20 5.50 

-3.40 6.10 
-2.60 2.70 
10.60 6.IO 
2.50 6.10 
3.50 4.90 

Annual grovtb rate in 1 
1980-11 1911-95 

.50 4.50 
4 5.10 

l.IO 1.60 
-6.40 2.50 

9 5.30 
2.50 5.50 
2.50 4 

Source: strategic study on EC MCbine tool sector 
Brussels June 1990 
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III: TEQIHQLOGICiAL QWiGES 

1 Fl.Oii MSS PR.ODUCTIOll TO FLEXIBLE AUTOllA.TIOll 
Among the n~v technologies, microelectronics is of central 

importance for the machine tool industry while the impact of new 
materials is only now beginning to be felt. 

The introduction in the aid-seventies of the aicroprocessor. a 
complete programmable integrated circuit, to the factory floor 
has been the major technological breakthrough in the capital 
goods industry. It occurred after a long period of ry~~tive 
stability with regard to production technology< J.The 
possibilities opened by electronic- based automation 
technologies have been considtred as a turning point in the 
history of mechanization•< 20)As coapared to classical 
(electromechanical) automation, numerically controlled machine 
tools, flexible manufacturing systems and robots allow a much 
greater flexibility in terms of (i) accepted variance of 
throughputs (defined in number of cost effectively produced 
homogeneous items per unit of time (ii) acceptable vari~pces in 
output varieties) and (iii) minimum £cale of production(Zl) With 
the advent of flexible automation. plant size tends to become 
more independent of market size. 

The trend towards more flexibility is also to be considered in 
the context of the changes which are affecting market demand in 
industrialized countries. The era of mass production of 
undifferenciated products has come to an end; the major challenge 
for producers will be to combine mass prou~ction and specificity. 
This demand pressure which was first felt in the consumer 
electronics market, has developed in the car industry< 22 >.It 
calls for new production technologies (such as modular 
manufacturing method~~ borrowed from the electronics and 
aerospace industries< >. Corporations which produce customized 

<19)UNCTAD: Ibe diffusion of electronics tecbnolo&y in the 
capital &oo<is sector in 'he inciys,rialized coun,ries, Geneva. 

}~8~Piore and Sabel: Ibe seconc! incius,rial divide· possibili,ies 
f~f prosperity Sa.sic Books, 1984 

) It should be borne in minde that flexibility rests on 
organization: identical machines can be used in a rigid or 
fl~xible way 
<2 ) Ted Kwape, Piet T.Bolwijn: Manufacturing the new case for 
vertical integration Haryard Business Review, March-April 1988 
<23 >The Economis': •The •rrival of haute carture", 29 July 1989 
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goods aimed at market niches. have to be flexible enough to 
increase rapidly their production in those segments in which 
demand proves the highest: they need equipment that can 
produce economically in small batches in order to reduce work in 
progress. minimize inventories and allow consumer demand to be 
met in days instead of months. 

The consequences of these changes go beyond a retooling of 
manufacturing facilities: as can be seen from the Japanese 
example flexibility can be achieved through organizational 
innovation. In order to face up to thesE new challenges 
manufacturing companie~ are reorganizing their production 
processes under •just-in-time• (JIT) principles through such 
techniques as •set-up time reduction• or •Kan-Ban< 24 >• 
procedures. (Box 3) In Kan-Ban the objective is to produce goods 
which have been already sold:a tendency which illustrates the 
primacy of marketing imperatives on production. The essential 
elements of the Just In Time concept are that goods should be 
bought or produced in exactly the quantities which are needed and 
they should be delivered when they are needed_(ZS) 

It is also important to stress that the diffusion of flexible 
automation equipment is taking place within a context of growing 
integration within the enterpri~e which is bringing tog~ther what 
were once discrete activities.< 6> 

This evolution started within each one of t~e •different 
spheres• of production through intra-activity automation in a 
stand-alone fashion: the diffusion of NCMT in the production 
sphere .A similar trend towards i ctegration has taken place in 
the design sphere where the various stages of drawing 
preparations, converting ideas and modifications into a full set 
of engineering 1rawings are now contained within a 
computer-aided design system (CAD). 

The second step of automation concerns thP integration of 

<24 > named for the routine slip attached to each piece in transit 
(lS) U.Arnold, K. Bernard: Just in time: some marketing issues 
raised by a popular concept in production and distribution, 
f~g~novation, 9 (1989) page 401-431 

See Kaplinsky, Automation the technolo&y and society, 
Longman, London 1984 and Bessant Inte&rated automation in batch 
manufacturin&. OECD Directorate for Science, Technology and 
Industry, 1986, and John Bessant Integrated Manufacturing 
Iechnolo&y trend series, number 8 Unido 1988 
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Box 3: Just in Time. I<an-8an anci Kan-Ban olus 
alpba effect 

In manufacturing there is a conflict betwe~n two 
objectives: holding down setup time for the machines 
by making larger quantities and holding down carrying 
costs by frequent runs. The compromise quantity in 
known as the Economic Order Quantity. Japanese 
manutacturers have made efforts tc reduce the set up 
time while in the mean time cutting the purchase order 
costs: and reducing the EOQ. 

The basic idea of Just in Time (JIT) is simple: 
produce and deliver goods just in time to be sold, 
subassemblies just in time to be assembled into 
finished goods, fabricated parts just in time to go 
into subassemblies and purchased materials just in time 
to be transformed into fabricated parts. However when 
implemented, JIT is much more than inventory control: 
large lot size inventories obscure problems, when the 
lot size inventory is cut the causes of error are 
exposed. 

Kanban is the name for a specific Japanese inventory 
replenishment system developed by Toyota. Literally 
translated, Kan ban means •visible record• •or visible 
plate• and it is taken to mean •plate•. Host companies 
use a system employing order card which accompany work 
in progress;they 1o not constitute a kanban system 
because they are employed as a push system of parts 
ordering and parts control. The Toyota kanban system is 
a pull system; it provides parts when they are needed 

and therefore without excess inventory. ~nban will 
work well only in th£ context of a just in time system 
in ~eneral. 

This system was designed at a time when all Toyota 
manufacturing system was done within a 50 kilometer 
radius. In the past years the company has opened plants 
in the United States, despite of this JIT has 
maintained and adapted: when ordering errors are made 
parts have to be flown from Japan; US suppliers make 
delivery to set up depots where Toyota make daily 
collections. This adaptation has forced the company to 
start Kan Ban plus alpha effect: high volume data 
communications links have been installed enabling the 
head office to monitor overall production. The 
objective is to turn JIT in real time: tomorrow' stocks 
will then be based on tomorrow's sales. 
Extracted from Schonberger:Japanese manufacturin& 
techniques. nine bidden lessons on simplicity London 
Free Press 1982 and •Toyota Hotor:Delivering tomorrow 
orders made today", Financial Times September 10, 1990 
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individual activities in intra-sphere automation. In the 
production sphere. the flexible manufacturing system links 
several CNC tools and han<lling systems under direct numerical 
c~ntrol supervised by a host computer. 

Because microelectronics can be used in all 
information-based activities. the technology can be introduced 
from production management, administration. design and process 
specifications. and raw material processing, to packaging. 
testing a~ inspection of final products and manufacturing 
processes.< 7> The pattern of integration within each sphere of 
activity, is now followed by a trend of integration between 
spheres, CAD/CAM systems linking design and production and FMS 
systems linking coordination and production. 

2 AUTOllATION IR STAND-ALONE F.QUIPMF.N'I' 
Automation technologies have been first introduced on the 

basis of stand-alone equipment. Due to the retarding effect of 
the recession in the early eighties, the diffusion of automation 
has occurred more slowly and more unevenly than was expected. 
Since 1982, real capital spending has gro~n more than twice as 
fast as GDP in OECD countries and this increase has led to a 
rebound in machine tool sales which has been accompanied by a 
larger increase in NC machine tool sales. One of the factor 
contributing to the diffusion of NC has been the decline in 
relative price compared to conventional machine tool. 

The combined production figures from the United States of 
America, the United Kingdom, the F~deral Republic of Germany. 
Italy and Japan show that the share of NC r..achine tools in total 
machine tool shipments has increased from 21 per cent in 1976, to 
41 per cent in 1982 and 57 per cent in 1988. 

2.1 Diffusion of NQO' b.J type of •chines 
2 . 1. 1. Lathes 

Numerical Control lathes are the most widely used NC machine 
tools 

<27 >K.Hoffman: Technological advance and organizational 
innoration in the engineering industries, Industry and Enet&Y 
Department workin& paper, Number 4, March 1989 
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Table I IC macbi~ t22l in perceptaoe 21 groducti1m ~ consum>U21! 
IWS!!IPd in valuel of wetal cutting Mclllne tool in selected cogntries in 1911 

Prodgction France FlC USA llt Italy Spain Japan Toqetber 
Drilling .ot 32.2\ .ot .Ot .ot 5.6\ 69.0t 37.ll 
lilling 19.2\ ao.n C7.2t .Ol 17.6\ 60.5\ 62.0\ 71.ct 
Sbaping, slotting, saving .Ot 57.3\ .Ol .ot .01 .ot 21.n 25.3\ 
Lathes 91.ll 7C.6t ac.01 36.71 70.C\ 52.9' 19.5\ I0.3\ 
Grindinq and Polisbinq 6.7\ 45.5\ .ot .01 .01 29.St 26.0\ 26.0l 
Boring 65.2\ .01 19.31 .ot 72.7\ 50.0l 43.6\ 
!Ill and r.a 33.3\ SI.St .ot .01 95.3\ 12.6\ 
Gear cutting .Ol 63.St .ot .Ol .Ol .0\ .0\ 33.3\ 
lachiDinq centres and trmier 92.7\ 79.Cl 54.9\ 7C.3l 49.U 59.ll 100.0\ 79.St 
Total letal cutting 77.ll 63.0\ 35.St 62.6\ 31.0t Cl.6\ 70.7\ 60.Sl 
Total IC 0S$ millions 470 1.972 514 471 757 253 4752 10266 
CoasJm!tiop 
Drilling 42.0t 27.0\ 17.0\ 100.0l .ot 25.0t 67.0l 39.0l 
lilling ao.ot 71.0t 43.0t 26.0l 97.0\ 61.0t 61.0l 61.0l 
Sbaping. slotting, saving .ot .0\ .Ot .01 .Ol 40.0t 
Lat:bi!s ac.ot 61.0l 91.01 57.0l 77.0l 62.0l 15.01 IO.Ol 
Grinding and Polishing 52.0t 53.0l 1.0\ .Ol 7.01 15.0l 21.0t 24.0\ 
Boring 94.0t 54.0t 100.0l .Ol 100.0t 40.0l 
!Ill and r.a 11.0l 57.0\ 46.0l .Ol .ot .0\ 17.0t 72.0\ 
Gear eutting 7.0t 73.0l .0\ 69.0l 9.0\ 50.0l .Ot 21.0t 
lacbining centres and transfer 92.0l 92.0l 67.0\ 76.0l 59.01 65.0l 100.01 81.0\ 
Total letal cutting 74.0l 64.0I 47.0\ 61.0l 46.0l 49.0\ 64.0t 59.01 
IC 1etal cutting 125 1950 1214 503 790 241 2911 1511 
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shipment According to Table 8 89.5 per cent of lathes 
produced in Japan were NC (74 per cent in units). In the 
Federal Republic of Germany NC lathes represented 74.6 per 
cent of lathe production. The production of NC lathe~ is 
highly concentrated in Japan (around half of wo=ld 
production); other main producers are the Federal Republic 
of Germany aud Italy 

inventory: In the United Kingdom. while the number of non-NC 
turning machines declined by 25% to 147.329 between 1982 and 
1987, the number of NC machines rose by 99% to 15273; NC 
machines represented 10% of non NC machines against 4% in 
1982. In the United States a similar evolution has 
occurred. 
The present technological trend is to have a single 

combination turret which can hold tools for both internal and 
external diameter turning. More sophistication is now built in 
order to machine a part in a single set-up;simple two axis lathes 
have given way to four-axis lathes. This ability to produce 
finished parts depends on being able to bring a variety of tools 
to machine the workpiece in one set up; turning centres are able 
to mill. drill. tap and bore as well as turn; they can also 
perform several similar operations simultaneously. 

2.1.2. Borio,. drillini arui mjllini 
Boring and drilling can be performed either by the use of lathes 

or by drilling. boring and occasionally milling machines. 
Shipments: As can be seen from Table 8 NC drilling machines 
represented on average 37.8 per cent of total drilling 
machine tools in 1988 (69 per cent in Japan); in the case 
of milling machines the average ratio was 71.4 per cent and 
for boring machines it is 43.6 per cent. Largest 
producers are the Federal kepublic of Ge ::any followed by 
Japan 

In the United Kingdom, NC milling machines 
21% of acquisition in new milling machines 
and 1986, against 8 per cent between 1977 and 

for NC boring machines the progression was from 
per cent and for NC drilling machines from 2 to 

lnventorjes 
represented 
between 1981 
1981 while 
15 to 21 
6%. 

NC mjllini. drilljn, and borjo' machines are themselves 
substituted by the machjnjo' centres which perform a combination 
of operations. While in 1976 machining centres accounted for 
only 38 per cent of the production of machines performing the 
milling function, the share rose to 65 per cent in 1986 in the 
m.:ijor OECD machine tool producing countries. In the United 
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Kingdom, acqu1s1t1on of ~achiniug centres increased very rapidly 
with three quarters of machining centres being acquired during 
1982-86. Machining centres are second to turning machines in 
terms of stocks of NC machines. 

Among other metal cutting machine tools, NC diffusion is 
rapidly increasing in the case of Electro Physical Machines 
and Electro-discharge machines (EDM). This £qwipment lends itself 
to automation because all parameters can be monitored 
continuously. 

2.1.3. Metal formini machines 

Metal forming machine tools, mechanical and hydraulic presses, 
punching and forming machines, and bending and forming 
machines traditionally represent 25 per cent of world production. 

Several indications suggest that these IDdchines will represent a 
growing share of world demand, and will compete in some segment 
of activities with metal cutting machine tools. Their use allows 
reduction in machining sequences which are otherwise inevitable 
in metal cutting. Their success in this competition rests on 
three factors: the ease with which the manual content can be 
minimized, the degree to which they lend themselves to small 
batch production; and the reduction in tooling (dies and 
formers) costs which occurs with the increasing use of CAD/CAM 
and CNC 

The progression of NC in met~l for~ing machines has been 
somewhat slower than for metal cutting. 

Shipments In the Federal Republic of Germany, NC machines 
represented 19 per cent of machine forming tools in 1988, 70 
per cent in the case of shearing and punching machines, and 
30 per cent in the case of press machines. 
Inventories In the United Kingdom the proportion nf NC to 
total machine forming grew from 1.2 per cent of installed 
capacity (in units) in 1981 to 2.4 per cent in 1986. 

2.2 Diffusion of NCMI in iglustria1izesi countries 
Inventory statistics measure the actual number of machines 

existing in manufacturing plants and they give an indication of 
the useful life of productive assets as well as the relative 
modernity of the engineering industries. Due to the longevity of 
machine tools, conventional machine tools represent the largest 
number of machine tools installed in the industrialized 
countries. 

2.2.1. Inventories 
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In Japan. the number of NC machines rose verv 
significantly from 1975 and their share in the total stock of 
machine tools increased from 3.6 per cent in 1981 to 10.7 per 
cent in 1987. In the last survey. figures for NC metal cutting 
tools limited to those less than three year~ rose to 33 per cent 
(compared to 12 per cent in the previous survey). In the United 
Kingdom the number of NC machine tools in use was 25800 in 
1982 and 52400 (excluding robots) in 1987 out of a total of 
768COO installed machine; the ratio of NC in the total stock of 
machine tool increased from 0.2 per cent in 1970 to 7 per 
cent in 1986; the NC acquisition made during the past decade 
r.ow accounts for half the NC inventory. In the United States of 
America, in 1988 the total number of NC machine tools had more 
than doubled since the inventory carried out in 1983. 

The analysis of the diffusion of NC machine among industrial 
sectors in Japan, United Kingdom and France lead to similar 
findings. It appears that the engineering indu~tries which are 
the less affected by a~comation are handtools. electrical 
apparatus, structural metal products which are among the most 
common engineering sectors in developing countries. 

2.2.2 diffusion among small scale industries and subcontractors 

One of the findings of the latest inventories has been 
the accelerated pace of acquis~tion of NC machines by small­
and medium-scale enterprises. While large establishments were 
the first to experiment with NC machines, the advent of highly 
"user-friendly" manual data input NC and off-line programming 
systems have made NC a much more attractive prospect for 
smaller companies. This trend is clear in the case of 
subcontractors."subcontractors have quickly realized that the 
machining centre is a highly flexible tool. In addition to 
jobbing work the subcontractor can tender for continuous batch 
work involving additional investment only in fixtures and 
programming".< 28 > 

This has not been so far the case in Italy< 29 > a survey was 
undertaken among 4000 firms which has shown that successful 
adoption of flexible automation involves a long learning 

<28 ) Metalworkin& production, The sixth survey of Machine tool 
and production equipment in Britain. 
<29 ) Presentation of Pr Camagni, Meetin& o! International Exoerts 
for a Pro&ramme of Industrial Aµtomation of the Capital Goods 
Industry of l.atin Nnerica, UNIDO, Vienna, December 1989 
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process, tiring reorganization procedures and strategy 
reallocation processes which are more easily possible for large 
firms or smaller enterprises operating in high technology sectors 
and accustomed to advanced electronics technology. The greatest 
difficulties seem to be of an organizational type, linked to the 
integrated and integrating nature of the new technologies; they 
require integrated production planning and design system, new 
professional figures. 

2.2.3 forecast for the 1990's. 

Table 9 provides an estimate of the population of NCMT in 
1990: growth rates for NC machines in Europe has varied between 
10 and 20 per cent per year. 

The diffusion of NC as of any other technological innovation 
can be described by an S-shaped curve where the three distinctive 
parts are: initial expansion (rising curve), trans1t1on zone 
(inflection point) and saturation (falling curve). This pattern 
can be used in order to forecast the maximum performance of the 
technology and its satJration point measured as the percentage 
of total number of machine tools installed. 

Table 9 Evolution of the stock of llC/ClfC tacbine tools !OOOSl 

USA USSR JAPAK ITALY FIG UK FRAJICE 

around 1970 20 11 5 1 2 3 
around 1975 40 14 3 4 

1980 21 11 25 10 
1981 23 
1982 26 20 
1983 103 
1985 65 55 65 45 35 
1986 
1987 85 69 
1988 222 

estiute 1990 240 110 100 100 100 80 60 

Forecasts based on consumption data in Japan from 1970 to 
1988 have been utilized and it has been forecasted that the 
saturation level will be 34 per cent for metal cutting and NC 
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Figure 15 Forecast for NC share in 
production and installation 
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share in installation will approach saturation level after 2000 
(Figure 15) with 34 per cent of machine tools installed being NC. 
In the case of the United States of America NC in installed 
capacity could reach 30 per cent in 2005 

These forecast mean that the strongest 
machine tool will happen during the next decade 
have a significant impact in the coming 
competitiveness in the engineering industrie 

2.3 NCKI in cievelopin& countries 

diffusion of NC 
and it should 

years on the 

The diffusion of NCKT in developing countries has taken place in 
a significant way in those New Industrialized Countries of Asia 
and Latin America where production has begun however some 
diffusion has begun in other developing countries. 

2.3.1. Production :Evidence from the Rev Industrialized Countries 
As documented in Table 10 the transition to NC machine tool 

manufacturing is underway in the New Industrialized countries. 
NCHT account for 25 per cent of production in value (30 per cent 
for metal cutting machine tools).Such ratios are sometimes 
strongly influenced by the high price of NCHT, this is specially 
the case in Brazil where NCHTs accounted for 3 per cent of 
production in volume (as compared to 30 per cent in 
industrialized countries). 

Production of NCHT has concentrated on lathes and 
machining centres which represent 74 and 78 per cent of the total 
number of NC machine tools produced in Brazil and Argentina. In 
Taiwan Province of China there is a trend towards 
diversification to NC drilling and NC boring machin~8 
Electro Discharge Machines and flexible manufacturing cells.< l 

2.3.2. Diffusion of NCMT in developing countries 

Table 11 gives the availeble evidence on the diffusion of NCHT 
in developing countries. 

2.3.2.1.in Asia 
The number of NCHT has increased at a very fast pace in the 

Newly Industrialized countries of Asia where firms have invested 

(JO) In 1984 a Taiwanese company exported the first FMS A1Derican 
Hachinjst, February 1984 
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Table lQ tmerical ladlill.!: tool Rroducti211 ii! 
selected dev~211i119 countri§* 

19&5 
DS$ units 
ai. 

Arqentina 1.20 16 
Brazil 413 
India 93 
Pl ali.na 
lepublic of Korea 3& 
Taii."ill Prov .China 42 111& 

sources : CECim 
Brazil Bolleti1 SObracon 19&9 
Electronics loreq February 1990 

19&7 
DS$ 
ti. 

10 
223 

134 
114 

units 

100 
101& 

330 

2039 

19&& 
DS$ unit 
ti. 

12 96 
226 742 
71 312 

1000* 
155 2119 
166 3600 

* output of ECbanical portion of CIC lilCbine tools 

Table 11 stock of ICID' in selected cleve1211i119 countries 

In Units 19&1 19&5 19&7 

lepublic of Korea 26&0 5000 
Taiwan Prov.China 1220 2800 
Brazil 9&6 1995 4176 
Singapore 60 700 
lle1ico 
Arqentina 350 500 
COlulbia 61 
India 11&2 

Argentina, Brazil: case study by F.Erber 
le1ico case study 

19&9 

7500 
6250 
saoo 
1800 
1300 

800 

lepublic of Korea, Taiwan: estiaaa: 
estiaates frOI production and trade fiCJllles 
Sinqapore: EDB, econotic survey 1989 

19!9 ~ of IC 
DS$ units in production value 
Ii. of lladrine Tool 

20\ 
1052 Ol 

26\ 

250 27\ 
4900 24\ 
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in order to maintain their export cospet1t1veness. A tight 
labour market. the increase in salaries (100 per cent in dollar 
terms from 1986 to 1989) and the re-evaluation of the currencies 
have prompted the 1110ve towards automation. 

-In 1985 the Republic of Korea had 2680 units installed;this 
number 1110re than doubled in the subsequent three years to 
reach 6500 in 1988. 
-In Taiwan Province of Chir.a the number of NC units was 
estimated at 6200 in 1988. 
-In Singapore. automation is a priority< 31 > and a National 
Master Plan has been l~~ched: there were 1800 NC machines 
in use and 380 robots ( ) in 1989. 
-In India. the census of machine tools of 1982 has shown 
that there were 1182 NCKT installed; three sectors accounted 
for over 70 per cent of the machines installed: machinery 
and parts, transportation and electrical machinery. For 1986 
onwards documented data are not available, however a sample 
survey among twenty five large enterprises indicates that 
the percentage of flexible automation in the investment in 
machine tools has increased very significantly from 25 per 
cent in 1985 to 41.7 per cent in 1989.< 33 > 

The number of machines per thousand employees is around 6.5 
in the Republic of Korea, 15 in Taiwan, China and 27 in 
Singapore as compared to 20 per thousand employees in the US 
engineering industries: 

2.3.2.2.in Latin A!Derica 
The economic recession has slowed down the pace of industrial 

modernization in Latin America. -In Brazil the installerl capacity 
of NC machines increased from 986 iu 1981, 1995 in 1985 and 5970 
in 1989; they are concentrated in a rather small number of 
companies:420 in 1987 which are both large corporations (above 
500 employees) and subsidiaries to foreign companies. According 
to a study by the Research and Technology Institute of the 
University of Sao Paulo, although a few well-known machine tool 
makers produce advanced equipment, the average age of machinery 

<31> Ministry of Trade and Industry: Economic Survey of Sin,apore 
1989, page 25 
<32 > most of them are used for assembly operations and 57 per 
c~nt are employed in the electronics and electrical industries 
( 3>H.C. Gandhi: Re,ional study on machine tool industry in Asia. 
the case of India UNIDO 1990 
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is 15 years <34 > 
-In Argentina the stock of NCKT increased from 350 (1981) to 
800 units (1989). The diffusion of NCKT has included saall 
and mediWI enterprises from the outset, probably because 
both locally produced and imported aodels were simpler and 
less expensive(35) 
-In Mexico, there were 409 NC machine tools in 1986 and more 
than half of machine tools imports are NC machines and the 
installed capacity has been estimated at around 1200 - 1400 
in 1989; motor vehicle plants in the aaquilladoras had 
around SO NC machines installed. 

The use of flexible automation is sometimes associated with a 
systematic effort to enter foreign market in Argentina <36 > and 
Brazi1< 37 ), however in Columbia the companies presenting the 
largest vol\llle of exports are not those using NCKTsl 38 >. 

The machine tool, automobile and aircraft industries 
concentrate the largest number of NCMT in Brazil: quality 
considerations and complexity of the parts produced and the 
strict margin of tolerance seem to represent the majors reasons 
for the introduction of NCMTs in Argentina and Brazil( 39 > 

2.3.3. Other developing countries 
Available statistics do not allow to conclude on the 

diffusion of NCMT in other developing countries. 
lndustrialiazed countries trade statistics show that 13 

<34 > •Market reserve policies pr~voke growing conflicts as 
Brazil's technology lags•,Business Latin Allerica April 3 1989 
(JS)F. Erbe~: The electronics complex and inciustrial automation: 
f g)mparison between Ar,entina ansi Brazil UNIDO 1989 

3 D. Chudnovski: The diffusion and Production of Numerically 
controlled machine tools with Special reference to Argentina, 
¥~~~d Development vol 16 No 6 pp 723-732 1988 

A survey of autoparts manufacturers conducted in 1984 has 
shown that the manufacturers which used NCHT were those 
presenting the highest export ratio R.Tauile: Automacao e 
cogpetitividade. "ma ayaliacao das tensienrias no Brasil 
Iustituto de Economias Industrial, Rio de Janeiro 1987 
(jB)Fedemetal: I.as nuevas technoloiias de bise microelectronica: 
aoalisis ilobil e igpactos de su incorporation al sector 
~~~'lmecanico de Columbia, Bogota 1988 

R.Tauile, Erber: Machine tools in Latin America UNIDO 1990 



- 47 -

developing countries. which cannot be considered as New 
Industrialized countries. have imported NC lathes in 1985. and 
15 in 1987; however this scanty evidence does not show any trend 
of diffusion since a few countries purchased NC lathes either 
in 1985 or 1987.Exports of machining centres fro~ Japan and the 
EEC were directed to 20 developing countries in 1987. with 
fourteen importing for more than US$1 million 

2.3.4. Prospects 
Available studies conclude on a rapid development of the NC 

machine tool market in middle income developing countries: 
-In the Republic of Korea, the domestic demand for NCMT is 
expected to grow from 3700 units in 1990 to 7000 in 1995 and 
14000 in 2000( 40>: the motor vehicle industry will be the 
largest market, accounting for 55 per cent of the demand. 
followed by the machine tool industry. 
-An AIDO study on machine tool industry in Arab countries 
has estimated that NC machine tool demand would grow at an 
average rate of 10 per cent between 1990 and 2000< 41 >. 
while the demand for conventional machines would increase 
by 4 per cent annually. In the case of Arab countries it has 
been estimated that the demand for NC machine tool will 
increase at an average rate of ten per cent per year between 
1990 and 2000. more than twice the expected rate (4 per 
cent) for conventional machine tool: however, by year 2000. 
it has been estimated that NC machine tool would represent 
7.5 per cent of installed capacity( 42>. 
-In PR China, it has been estimated that the demand for CNC 
systems will increase from 2000 units in 1989 to 5000 (1995) 
and 7000 (1987)< 43 > 
-In the case of Peru it has been estimated that the demand 
for NC machine tools could in the near future represent 
close to 40 per cent of total machine tool demand 

<
40) Korea Institute for Economics and Technology: Hecatronics 

1989 in Judet: L'industrie de la machine outil en Coree UNIDO 
1990 
(41) AIDO: Tbe development of machine tool industry in Arab 
~~~~tries 1987 

From Arab Industrial Development Organization: Ib.t 
development of machine tool iruiustry in Arab countries 1987 in 
Le secteur de la machine outil en Al,erie et Iunisie par A. 
Chel~i ONDUDI 1990 
<43> data from UNIDO project DP/CPR/89/017/A/01/37 
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3 SYSTEM INTEGRATION 
Whereas a NC machine tool is a substitution innovation. a 

flexible manufacturing system appears as a radical innovation. 
a way to do new thin~s. The ~ains attainable through systemic 
integration of NC machines are considerably greater than those 
attained through the addition of stand-alone eguipcaents and a FMS 
has been described as a miniature factory< 44 J 

3.1 Fl.exib)e llallllfacturing systems 
The total number ~f systems installed has increased from 80 

(1980) to 1200 in 1989 and according to IIASA<45 > pr~jections it 
could reach 3000 in 2000. (Table 12) Host of the systems ;_nstalled 
having at least two CNC machines, one can estimate that the 
total stock represent less than 1 per cent of CNC installations 
world wide. The two main users were Japan (167) and the United 
States of Allerica (137); they are followed hy the Federal 
Republic of Germany, the United Kingdom and France. 

The diffusion of FMS has tended to be restricted to selected 
industries (Table 13) where they are used on a narrow range of 
operations for the production of particular components (e.g. 
engine eanufacturing and transmission in the case of 
automobiles). About half of the systems ir:stalled are used in the 
transport equipment (car, tractor and aerospace), the second 
main user is non electrical machinery (mainly machine building) 
and the third electrical machinery. In the USSR, half of Soviet 
FMS's were used by the machine tool industry itself, 25 per cent 
in the automotive industry and 10 per cent in the electrical 
machinery.<46 i The motor vehicle industry dominates forecast 
sales based on current proposals. Workpiece families manufactured 
are cylinder heads, brake drum housings and engine components. 

When successfstlly implemented, FMS can dramatically reduce 
cost of production as a result of increased machinE utilization, 
reduction in the setting up time and the lead time (machining 
time necessary to complete a cutting operation), savings in 
stocks, works in progress, capital employed and labour costs. a 

<44 > Bessant at the meeting of international experts on a 
programme for industrial automation of the capital goods sector 
\n Latin America 
C45 >in ECE seminar on CIH, Sofia September 1989 
<46 > S. Sipos and ff. Sitarska: "Technological and organizational 
change: a challenge to Eastern Europe", IDS 8uJletin 1989, vol 
20 number 4 
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19&0 1913 1915 1917 1911 
Japan 21 135 254 
USA 6-14 15-31 
United lillC)dom 3 4 
Federal iep.Genany 10 13 
France 2 13 
USSI 
IWy U ~ 
SVeden 
Genan Deliocratic iep. 11 
Czecboslovaquia 

F.stiutes world wide SO >lGO 

Sources: 
19&0-1913 : Bessant 
Japan figures : 7th Inventory il917) 
Italy : Tecllnovation,9 (1919) paqe 497 
IIASA Fl.5 world data Bank (1919) 

Table 13 Sectoral distribution of FIS 
in Japan 
general llidlinery 
electrical ucbinery 
transportation equiJlleD 
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study on 95 flexible manufacturing systems installeJ in the 
United States and Japan, <47 > before and after the introduction 
of total fl~xible automation shoved that average processing time 
per part decrease~ by a factor 3.floor space diminished by 2.5 
and personnel requireaents in three shifts decreased by tvo 
thirds. 

However. investing in FKS is often a painful process and 
previous forecasts concerning their diffusion have proved to 
be over optiaistLC because they underestimated the following: 

technical problems in teras ~f interface software and 
network organization 
-organizational problems FMS cannot be considered as a 
technological fix to an inefficient plant. Large companies 
which had invested considerably in factory automation 
have had difficulties to make these systems cost 
effective and technically reliable. Due to all these 
difficulties, there has been a shift in the attitud~ of 
firas in favor of a step-by-step approach. starting with 
flexible manufacturing cells, the islands of automation 
which will be progressively linked with work transport and 
tool management to fora FMS as part of an overall CIH 
operation. 

3.2 Computer Integrated Kam.afacturing 
Technological trends such as NCHT and FKS, were confined to 

the sphere of manufacturing, this stage of automation could be 
followed by another which will concern the integration between 
design, production and management. With CIH, networks connect 
every microprocessor, robot and programmable controller in a 
factory, feeding information from all stages of production into 
one computer<48 >. In the design department, the diffusion of 
Computer Aided Design system, first used for drawing preparation. 
allows conversion of ideas and modifications into a full set of 
engineering drawings. These syste~s can generate the necessary 
data for computer controlled production equipment ·1ia various 

<47 >R Jaikumar: Post-industrial manufacturing Harvard Business 
f£gtew November December 1986 

Nissan put together its own version of CIH for its new 
luxury car the Infiniti. Called IBAS, for intelligent body 
assembly system, it can spot trouble and issue instruction for 
repairs. The company plans to build similar systems in its plants 
abroad (Fortune: Japan capital's spending spree, April 9, 1990) 
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Computer Aided Design/Computer Aided Manufacturing (CAD/CAM) 
post-processors. Similarly, the various act1v1t1es in production 
management are now available as modules for integrated suites or 
management software which draw upon the same central database. 

The unaaned fact~ry was first described in the fifties was 
expected for the early 70. Forty years later, the worker-less 
factory is still within the realm of imagination< 49 >.Hanagers who 
dreamed of replacing human workers with robots or CNC machines 
find that as machines become more sophisticated, the problems of 
finding good workers has not gone away. The idea that the machine 
shop trade is dying because of automation looks as a myth: 
"automation is great if you have someone t~ operate it and to do 
the brainwork"{SO) !t appears that the technocentric vision of 
the factory of the future is a dead end(Sl). flexible automation 
can only function if its manned by highly qualified technicians 
and the proper mixture of persons and machines may bring more 
value added. 

<49 > K H Ebel: L'usine automatise a besoin de la main de l'homme. 
~~(fje Internationale du Travail 5/1989 Geneva 

Special Report on training An;erican Machinist June 1989 
(Sl) Cohen, Zysman : "US competitiveness suffers: the emergence 
of a manufacturing gap, in Iranslatlantic perspectives Washington 
Autumn 1988 
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IV: POSSIBLE ISSUES FOR DIE CONSULIAIIOH 

The evolution of the mach~ne tool. from a noisy machine driven 
bv men in blue overalls to an "island automation• operated by a 
technician and programmer has implications for developing 
countries which go far beyond the ques~ion of entry into the 
machine tool industry and keeping up with technological changes. 
It should be analyzed in the broader perspective of the changes 
affecting the rules of competition in engineering industries 
and beyond. 

Thus, the preparatory meetings for the Fourth Consultation on 
Capital Goods with emphasis on Machine Tool Industry should 
address not o~~y the problems which confront machine tool 
producers but also those faced by the metal working and 
engineering industries which are the main machine tools users. 

In addition, the meetings should explore possibilities for 
regional and international co-operation and define the main 
elements for such a scheme. Thus the proposed issues for the 
Consultation are: 

i) Conditions of entry and technological advancement of the 
machine tools industry; 

ii) Considerations for the use of advanced machine tools 
technologies in metal working and engineering industries; and, 

iii) Elements of regional and international co-operation in 
the production and use of machine tools. 

The three proposed issues are elaborated further hereunder. 

1 CONDIIIOHS OF IN'IRY Alm TKCHROLOGICAL ADVANCF.MENT OF ntE 
llACHINE TOOLS INDUSTRY 

1.1 The entry into the .. chine tool industry 
One of the most important decisions 

countries in the capital goods sector is 
decision•< 52 >, taking into account the choice 
and the acquisition of technology. 

1.1.1 Constraints 

facing developing 
the "make or buy 
of a product mix 

The main constraint facing developing countries willing to 
enter the machine tool industry are both technologic and economic 

tecbnical constraints 
The analysis of product complexity of a couventional machine 

tool through the ACT method developed by UNID0(~4 ) shows that in 
terms of technological requirement for their production, 
conventional machine tools have technological complexity 
eqiuvalent to that for radios, telephones or bicycles. While 
product complexity does not appear such an obstacle, the major 
technical constraints to entry are: 

scarcity of skilled personnel. The machine tool industry 
requires engineers and workers specialized and having 

<52 > H. Fransman: tfachinery and Economic Development Hae Millan 
t986 

54 >see UNIDO: Industry and Development. Global Report 1989/1990 
pages 122-131 
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acquired some experience in metal-working industries. Such 
highly qualified workers are not easily found and the 
cyclical nature of the industry make it difficult to retain 
qualified personnel. The advent of CNC tools and 
Computer-aided design helps to alleviate this skill 
constraint. However a sound knowledge of metal cutting 
technology is a p~e=equisite for deriving the maximum 
productivity from the use of CNC machining. 

inadequacy of supporting industries in terms of 
castings.forging gear cutting. heat treatment for raw 
materials, components and technical services. The setting up 
of an integrated unit is a costly way to circumvent this 
limit {l.1.3) 

limited market 
In indutrialized countries as well as in developing countries, 

major producers of machine tools have a strong engineering 
base.This is a requirement to enter the industry:decision to 
invest should not be based on argument such as the "strategic" 
nature of the machine tool industry. 

The dimension of th~ market is directly related to the state 
of development of the engineering industries (see Figure 5). In 
most middle-income developing countries sales of machine tools 
are less than US$100 million a year, while in less developed 
countries they are often inferior to US$1 million. This 
constraint may restrain the entry to thosP countries which are 
characterized by a minimum value-added in engineering industries 
which can be estimated< 53 > at uS$100 million (1986). 

The market is also highly segmented and this should be 
thoroughly analyzed: while large engineering enterprises will 
often prefer to equip themselves with sophisticated machines for 
tolerance reasons, small enterprises and repair shops which do 
not have the same tolerance constraints will be more willing to 
buy simple machines and may thus represent the first market for 
a local producer. 

However, by placing too much emphasis on the constraints of 
the domestic market, one fails to take into consideration the 
opportunities opened by regional and international 
markets:manufacturers in industrialized countries (where still 
nine out of ten machines are conventional), are shifting to NG 
machine tools and this evolution offers some market opportunities 
to developing countries. 

(S)) This limit should be understood as a very rough 
approximation derived from statistical e~idences only. 
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Figure 16 · The machine-tool industry 
diamond 
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1.1.2 Product aix 
In most developing countries conventional machine tools will 

remain the most widely demanded machine tools in the foreseeable 
future. Leapfrogging into NCMT production is unrealistic and the 
only technological route is through a step by step 
approach from assembly, to progressive integration into 
conventional machine tools manufacturing. Such entry approach is 
also the only feasible technological route towards the 
manufacture of more advanced equipment. 

Reverse engineering, and South South cooperation can be 
advisable channels for the transfer of technology. 

1.1.3. Integration 
In order to cope with the unreliability of sub-contracting 

services, developing countries have often opted for a high level 
of integration .This experience has seldom being conclusive 
either in economical terms, since it has often resulted into a 
low level of plant utilization or in technological terms (there 
was no spill over to other firms) 

The difficulty to reach a proper balance between integration and 
subcontracting stems from the fact that the machine tool 
industry demand in terms of foundry, forging, gear making is 
very small compared to similar demand from other engineering 
activities such as motor vehicle industry: it is thus not 
feasible to promote a subcontracting industry geared to the needs 
of the machine tool sector alone. 

l....l....! Industrial policy: promoting national competitiveness 
The performances of State enterprises in machine tool 

production have often been disappointing. Government's industrial 
policies should aim at influencing each one of the determinants 
of competitive advantage in this industry in order to promote 
national competitiveness. 

In an industry such as machine tool several competitive 
advantages combine to create self reinforcing conditions for 
competitiveness:these can be illustrated by a diamond as in 
Figure 16.< 54 ) 

i) factor conditions such as highly qualified skilled labour 
(in mechanics.and increasingly electronics and mechatronics) 
are the most important factors of competitiveness. In 

(S4 )Adapted from M Porter: Tbe competitive adyanta&e of nations, 
New York, Free Press 1990 
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industrialized countries, technological centres and 
industry associations have been important knowledge 
resources. In developing countries government should 
provide adequate training facilities to assist the 
enterprises. 
ii) demand. conditions: Domestic demand should not be 
assessed in terms of volume of sales alone: attention should 
be given to qualitative aspects of the home demand which is 
more important for the industry: the machine tool industry's 
competitiveness is by and large defined by its ability to 
respond to the sophisticated demand from the local 
engineering industries: Government may intervene by shaping 
the local demand through its procurement policy, and by 
establishing standards and regulations. It plays also an 
important role in signaling new technology and advertising 
new market 
iii) related and supportin~ industries: forging, casting, 
gearmaking, surface treatment facilities are the supporting 
industries which are needed by the machine tool industry 
and a close relationship between suppliers and machine 
tools firms will enhance the technological development of 
the ir.dustry. Instead of setting up integrated factories, 
government should endeavour to promote small and medium 
scale supporting industries These supporting industries 
should be promoted as part of the engineering industry 
development programme in order to assure a high capacity 
utilization and alleviate the impact of the periodic 
shortfalls which is experienced by the mac.aine tool 
industry. 

iv) firm strate~y. structure and rivalry. The machine tool 
industry is of ten made of medium scale enterprises which 
specialize on niche products. Efforts aimed at restructuring 
the sector in order to promote a handful of large groups 
have proved unsuccessful in industrialized countries< 55 J, 
however while pooled production proved a disaster, operators 
have found it useful to collaborate on R&D and after sales 
services. Similar scheme could be devised in developing 
countries. 

As any other inf ant 
machine-tool industry is 

industry, the newly established 
vulnerable and requires some form 

(SS) Financial Times:" Life yet in French machine tools". November 
8, 1990. The large grouping set up in France (such MACHINES 
FRANCAISES LOURDES) and in the United Kingdom (ALFRED HERBERT) 
never worked out. 
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of protection during the learning period. Monopoly power on 
import together with the setting up of imports tariff and 
non tariff barriers. have too often outlived their purpose 
and aJversely affected the competitiveness of the industry . 
It should been borne mind that one should not promote the 
machine tool industry (which is a small manufacturing 
sector) at the expense of the other engineering sectors: 
protection should he given for shvrt period of time and be 
discussed with the users who have to be convinced that, 
in the long run, they may gain from the existence of a local 
machine tool industry. 

It is important that the industry should become economically 
viable and competitive rapidly because prolonged protection which 
may lead to inefficiency within the industry, will be injurious 
to the successful development of the country's engineering 
industries as a whole. 

1.2 1be entcy into NC wacbine tools 

1.2.1. Difficulties 
Conventional machine tools will remain for many years the most 

widely used machines, however the growth in demand for these 
machines will slacken while the market for NC will increase in 
industrialized countries as well as in some developing countries. 
The experience of those developing countries which have entered 
into the production of NC machine tools (NCHT) shows that this is 
extremely difficult which can be achieved by a limited number of 
countries. 

Technological difficulties in entering NC machine tool 
production are both of an electronic nature and of a 
mechanical nature: the challenge is to develop system 
integration capabilities in order to integrate the 
electronics into the mechanical equipment:i.e skills in 
mechatrnics 

Developing countries are constrained by the pervasive 
weakness in their basic mechanical engineering and machine 
design and building capac1t1es. A survey made in the 
Republic of Korea (Box 4) has pointed out that the main 
difficulty for that country lies more in the mechanical 
parts (servo motor, measuring devic~s. cutting tools, 
spindle and hydraulic 
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Bo1 t Iclentification of tbe Min teclmical constraints 
encountered by twrical r.ontrol ladJipe tool Hllllfacturers 

Laq vith industrialized Acquirinq tbe 
countries (in years) Tecbnoloqy 

electronic etUi•t 
Central Processinq unit 
lonibr and key board 
Progralmable controller 

electrical and r;Mpjcal 
transf oner 
servomotor 
1eaSU?inq device 

Software for tbe tools 
11>tor 
lllltiple ues controler 

for tbe perigrus 
control of sequences 
interface 

specific software 
graphics 
1111El'ical control 

Teclmical c:olla!ption 
Nip tn>§ Of taebines 

ucbininq centres 
latbe 
lillinq 
Elll 

rdanical cowpopents 
cuttinq tools 
spindle 
transfert systel 
hydraulic C01pOnents 

lamlfacturinl) and as&elbly tedllloloqy 
wain QJ1Wtiops 
die castinq 
tberul treatlent 
f inisbinq 
quality control 

autQNtiop 
conception and design 
production 

3 to 5 
3 to 5 
1 to 3 

5 to 10 
IOre than 10 
IO?! than 10 

1 to 3 
1 to 3 

1 to 3 
3 to 5 

1 to 3 
3 to 5 

1 to 3 
1 to 3 
3 to 5 

5 to 10 

11>re than 10 
11>re than 10 

3 to 5 
11>re than 10 

5 to 10 
5 to 10 
1 to 3 
1 to 3 

5 to 10 
1 to 3 

~ Korea Institute for Econolics and Tecbnoloqy 1988 
in Judet P.: L'industrie de la Kacbine outil en Coree 
OIUDI 1990 

local development 
i•rt 
local 

local development 
i•rt 
i•rt 

local development 
local development 

local development 
local development 

local development 
local development 

local development 
local development 
local development 
i•rt 

local development 
iipOrt 
local development 
i•rt 

ilpOrt 
illpOrt 
local development 
local develop1tnt 
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Box 5: Choosin& a technolo&y transfer route to develop 
NC technolo&y 

There are three possible route which can be 
followed to transfer and/or develop CNC technologies: 
(i) purchase the complete package through a turnkey 
operation from an internationally known owner supplier 
(ii) to unpack the technologv package and indigenously 
develop everything from scratch 
(iii) to adopt a mixture of (i) and (ii). that is while 
sub contracting some ;iarts of the technology package 
to foreign companies with experience in the respective 
areas. to develop the remainder indigenously. 

LL.: selection process of the appropriate route is 
a function among others of: availability of technology. 
costs involved. time required to assimilate the 
technology. manpower requirements. risks involved in 
reaching the set targets and depth of assimilation of 
technologies. 

~ile state-of-the-art microprocessor based CNC 
systems are moving towards the 32-bit complexity: 
16-bit CNC system technology is available: they are 
still being manufactured and !llarketed by all major 
companies. Turn key operation is the fastest method 
while indigenous development, which requires a large 
number of skills. takes the longest time. However when 
these two routes are compared in terms of deepness of 
assimilation of technology. the indigenous development 
looks preferable. 

fechnology transfer route 
Parameters 

Turn Key Indigenous Rhed 

Difficulty of obtaininq of tecbnoloqy t **** ttt 

COsts involved **** * .. 
llanpower requiretents t **** *** 
Cbances of 1121 reachinq set tarqets t *** tt 

Ti1e required to assi1ilate of tecbnoloqy ** **** *** 
,jiances of failinq to assi1ilate technoloqy **** * tt 

**** very bigb 
*** bigb 
** ledi111 
* low 

Adapted from CNC system development Project document 
DP/CPR/89/017/A/01/37 
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components tha~ in the electronic or software field. This 
examples underlines that:• the export aspirations of 
developing countries in the machinery sectors are 
constrained on the technical side not by their lack of 
information technology skills but because of the pervasive 
weakness in their basic mechanical engineering and machine 
design and building capacities.< 56 > 

Local production of the electronic control units has begun in 
Brazil and in the Republic of Korea where the domestic markets 
are respectively US$20 million and US$ 55 million.< 57 >1n Brazil 
the production is segmented among three captive suppliers 
(machine tool producers) and four •merchant suppliers• ~hich 
cater for different markets (80 per cent of the market). 
Competition is minimal although this monopoly has been 
challenged by an electronic firm which developed a simple model 
of NC. It appears that NCHT prices are about four times the price 
of .Japanese comparable NC. Box 5 discusses a possible 
technological route from the manufacturing of conventional 
machine tool to the entry into Numerical control which gives the 
emphasis on software. 

<56 >K.Hoffman : "Technological advance and organizational 
innovation in the engineering industry", Industry and Ener&y 
Depart11ent workin& paper. Industry series paper No 4 The World 
Bank, March 1989 
(SJ)Electronics Korea September 1989 
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1.2.2. Competitiveness 
While comparison of unit prices for similar machines (and 

average prices) between Japan, Korea and Taiwan Province of China 
shows a small differential, there is a large price differential 
b0 tween East Asian countries, India and Brazil where the average 
domestic price of a NC a.achine tool is five times the Korean 
average price. South Korean machining centres are also between a 
half an a third of the Argentinian price_(SS) 

The high price of these equipments is hampering the 
modernization of the industry in Latin America. During an 
unstable economic period decision makers are not inclined to take 
major risks, and this include investing in modernization: most 
car component firms in Brazil set a two-year pay-back period in 
their acquisition of new equipaent<S9 ) and this makes the 
acquisition of NC machines unfeasible 

2 CONSIDERATIONS FOR THE USE OF ADVANCED MACHINE TOOLS TECHNOLOGIES 
IN METAL WORKING AND ENGINEERING INDUSTRIES 

The changes which are transforming the machine tools have to 
be considered in the broader perspective of the changes of the 
major determinant of global industrial competition< 60 >. 
Traditionally the differences in production factors (capital, 
labor and material) has been a major source of competitiveness. 
However, with the increasing process of globalisation, the 
differences related to factors of production have dwindled and a 
major source of competitiveness is shifting to technological 
capabilities to develop new products and processes in response to 
frequently market changing needs. 

Competitivity has become the k~yword and while low wages are 
no longer a decisive factor, flexibility of production, quality 
customization of products and total delivery time have become the 

(S8)chudnowski and Groisman, 1987 
(S9 )R.R. Lima: "Implementing the Just in Time production system 
in the Brazilian car component industry" IDS Bulletin 1989 vol 
20 nx4 1989 page-14-18 
<60)UNIDO: New technolo&ies and &lobal industrialization. 
prospects for deyelopin& countries, Regional and Country Studies 
Branch, Industrial Policy and perspectives division PPD.141 
November 1989 
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most important competitive factors in industries such as 
electronics, motor Vthicles. autocomponents and increasingly in 
other engineering industries wher~ product renewal ~ates tends 
to be higher. 

These changes in business environment have motivated 
engineering firas in industrialized countries to: 

equip themselves with flexible equipment (NCHT, FMC and 
FMS): as it has been shown the strongest diffusion of these 
equipme~t will happen during the next decade 

adopt new manufacturing practices, such as concurrent 
engineering ( for a better collaboration between d~sign and 
production), Just in time for avoidance of dead stocks. 

These changes will have a significant impact on the 
engineering industries of developing countries. This will be 
specially the case in sectors such as aircraft, machine tool, 
transport equipment and of some auto co~ponents, general 
equipment such as pumps. This new competitive pressure which is 
being felt on export markets will increasingly concern domestic 
markets due to import liberalization measuresl 61 >. 

Developing countries will have 
evolution which raise several issues. 

to keep up with this 
The impact on employment 

have not been significant 
those countries which fail 

is a false issue: losses due to NC 
while losses will be more important in 
to a1just. 

In some areas where product quality is the overriding concern 
(precision tools, professional instruments), CNC machinery has 
become effectively an industrial standard; in the other the real 
issue for developing countries is to gain worid competitiveness 
through better 112nufacturing practices. 

2.1 Industrial autowation in clevelopin& count:ries 
The diffusion of flexible automation techniques 

repres~nts a threat to developing countries, however investing in 
hardware should not be considered as the automatic answer. A 
large number of case studies in industrialized countries 
conclude that a decision to invest in flexible automation 
equipment is not likely to give the full benefit if it has not 
been preceded or accompanied by par~llel chanLe within the 
organization: •all you get when you put d computer into a chaotic 

<61 > Due to import liberalization measures taken in a growing 
number of ~ountries, local engineering firms are now exposed to 
foreign competition 



- 63 -

organization is coaputerized chaos•_(62) 
The first step towards industrial automation should be plant 

and company reorganization 

2,2 0r1•nizatigpnl c:hances 
Advanced equipment is a solution if and only if soae 

prerequisites are achieved that is the improveaent in the 
aanagemi!nt and organization of production: •one does not acquire 
a Flexible ftanufacturi'{!g Systea, one becomes a Flexible 
ftsnufacturing Systea•.< 63J A sizable share of the gains from 
investaent in flexible automation comes from organizational 
change and, as strongly eaphasized by several authors,< 64 > this 
suggests that thesP. organizational innovations are in fact a 
software separable from technical change and may eliminate the 
need for acquisition of hardware. 

The strategy tow4rds industrial automation should f ollov a 
step-by-step approach(f>S) starting with a reorganization aiming 
at productivity and flexibility improvements; changes will cover 
plant layout, development of skills, adoption of new working 
arrangements, pla1U1ing and scheduling and production control. 
A possibility of progressively changing from traditional 
manufacturing method into advanced manufacture on plant level is 
the establishaent of an Autonomous Manufacturing Island< 66) (AKI) 
for a selected group of parts. For this selected group of parts, 
conventional aachines and CN controlled machines can be combined 
to undertake the various machining operations while production 
planning and control, flows of materials and sequences of 
operations are optimized with the aid of computers. Included in 
this concept is also tool management and maintenance of 

<62 > In John Bessant and Hovard Rush: lnte&rated gapyfacturin& 
f2§'9°olo&y Irensis, Series No. 8 IPCT.70, UNIDO October 1988 

Bessant lnte&rated Hanufacturin& UNIDO 1987~ 
<64> Final Report of the Meetin& of International Experts on a 
Pro1ralm!e for lnsiustrial Aµtogation in the eapital Goosis lnsiust[y 
of 1..atin Alaetica Vienna, 27-28 November 1989, UNIDO and also 
K.Hoffman: Ie,cbnolo1ical adyance apd ~r&anizational innovation in 
the en&ineerin& industry, Industry and Energy Department Working 
P4~r. Industries Series Paper Nx4, The World Bank 
(f>:J) As adv.>cated by the participants to the Expert Croup Meeting 
on lndustriil Automation (UNIDO, November 1989) 
<66 > A con~ept which has been put forward by UNIDO/DIO/ENC in a 
on-going large machine tool project in China. 
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machinerv and fixtures. The i ... ediate investment for the 
establishment of an AKI is comparatively low and the AKI concept 
can easily be replicated for other groups of parts within the 
same/o~ o~her factories. Simultaneously changes from 
conventional machine tools to CNC machine tools can be effected 
as funds for investment ar.i skilled labour and engineering forces 
become available. 

Reorganization should extend beyond the firm level with the 
setting up of an appropriate subcontracting policy which can 
increase flexibility as shown in examples from Italy and Japan. 
(67) 

2.3 Acgpi.sition of barclvare 

Among the options for industrial automation which are open. 
there arP. NC machine, Flexible manufacturing cells and Flexible 
manufacturing systems. It should born~ in mind that the 
investment per workplace in complex machines such as FHS or FMC 
can be easily in the range of US$500 000 per workplace< 68 >. 
NCHTs appear to most experts as the mos~ interesting techniques 
from the point of view of the developing countries, because they 
can be considered as mature technologies. Their 
skill-saving< 69 > nature is a strong argument in their favor. 
Available evidence suggests that if. developing countries are 
already efficient users of conventional machine tools, they will 
face few insurmountable skill-related problems in using NC 
machine tools; though capital costs, scale requirements, 
available skills, protected markets and the availability of 
supplier may present constraints. 

Investment in NC should be analyzed cautiously:acquiring an 
NC is expensive, three times the price of a conventional ma53ine 
tool and the consequence of a breakdown may be devastating< ) . 

<67 > In these two countries the existence of a large and flexible 
network of subcontracting firms appears to be correlated with the 
hi&h level cf diffusion of NCHT (see II) 
( 8 >K.H. Ebel: Computer inte&rated manufacturin&. the social 
~~~'nsion ILO 1990 

Which should be assessed in taking into account the greater 
skill content of the repair and maintenance staff 
(70) in the case of a toolroom equipped with conventionai 
machines the possibility of substitution between machines exist, 
while sometimes the new facility will be equipped by a NC machine 
only. 
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The choice of a NC machine 
economic factors: fixed cost 
variable costs (labour and 
maintenafice but also product 
utilization_ 

should take into consideration 
of preparing the machine and the 

capital costs) and repair and 
variety, batch size, the rate of 

One of the main advantage of NC machine tool is flexibility. 
However flexibility does not come out automatically(ll)_ NC 
machines do offer economies of scope, but the experience of 
medium enterprises in industrialized countries show that in many 
cases flexible equipment is used to manufacture a group of 
similar components. A plant is organized to produce specific 
components, and in order to reap the benefits of the NC machine 
tool flexibility, one has to undertake a technological assessment 
of the plant and to implement organiz1tional modifications which 
may be costly 

Lack of preparation of the enterprise, publication of 
theoretical performances which have not been verified, lack of 
training and lack of technological mastering have led in many 
cases to bitter experiences in industrialized countries. In many 
cases the introduction of flexible automation equipment has not 
led to financial rewards. 

Investment in NC machine tool should be analyzed very 
cautiously following proven guidelines and in order to advise 
engineering firms in developing countries, consulting services 
should be promoted through business associations or technical 
centers. 

3 ELEMENTS OF RECIONAL AND INTERNATIONAL CO-OPERATION IN THE 
PRODUCTIOh AND CSE OF MACHINE TOOLS 

To circumvent the constraint of national markets, regional 
cooperation scheme could be promoted as in the case of the trade 
cooperation, between Argentina and Brazil. The opportunities 
offered by North South South schemes of cooperation should also 
be explored. It should aim at the production of parts uf 
machine tools in different countries which would then be 
assembled in every country and partially exported back to 
industrialized countries. Experiences of such North-South-South 
cooperation already exist in the case of conventional machine 

(ll) P. Padilla: "Amelioration de la productivite d'exploitation 
des centres d'usinage et de tournage", CEIIM informations Nxl08 
Decembre 1988 
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tools< 72 >, and similar sche•e is being assessed in the case of 
the motor vehicle industry< 73 > 

International cooperation should focus on training< 74 >, 
sharing of experiences on the problems posed by the diffusion of 
industrial automation. Another area of international cooperation 
concerns the lack of standards which represents a major 
constraint for developing countries buying NC machine tools. 
Efforts should maintained in order to achieve international 
(and open) standards for NC machine tools. 

<72 > A cooperation between Morocco, Tunisia and a french 
manufacturer, C3M, for the production of conventional machine 
to~l (metal working and wood working) 
<7 ) TOYOTA in the case of some ASEAN countries (Malaysia, 
Philippines and Thailand) 
<74 > In the context of the restructuration of training 
institutes, which will stress the use of numerical control 
machine tools, the Ministry of Education, together with the 
Ministry of Cooperation has set up a plan in order to transfer 
conventional machine tools to African training schools (Le Monde 
February 27 1990) 




