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PREFACE 

The Regional and Country Studies Branch is carrying out 

a series of analyses of the industrialization process in the developing 

countries in order to identify prospects and constraints and to outline 

the key issues for policymaking. In a period when past strategies and 

approaches for industrial development are being re-assessed, it seems 

essential to ~xamine, inter alia, the option~ in terms of the resource 

base, structural policies, market orientation and support to the 

development of various forms of production. It is in this context that 

this paper was prepared. It attempts to highlight some current trends 

in an important industrial subsector and implicatio~s for developing 

c~ ~tries, in particular for Argentina. 

This paper was prepared by Mr. Staffan Jacobsson, Research 

Policy Institute of the University of Lund, Sweden, in co-operation 

with the staff of the Reg!onal and Country Studies Branch. 
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I NTRODUCTIO~/ 

This paper provides an attempt to discuss some important trends in the 

international machine-tool industry and analyse some implications for the 

Argentinian machine-tool industry. Two main trends will be focused upon; (a) 

the substitution of computer nt1Derically controlled (CNC) machine tools for 

conventional machine tools, (b) the growing importance of the NICs, in 

particular Taiwan, Province of China, and the Republic of Korea, in the world 

market. In section l we provide a short description of some features of the 

machine tool industry. In section 2 we discuss some recent trends in the 

industry. Three trends are discussed in some detail. These are; the changi~ 

output mix of the machine-tool industry; the growing importance of Japan in 

the world market; and rising barriers to entry into the industry. In section 

3, we provide a mo~e detailed analysis of firm strategies and barriers to 

entry in the international industry producing CNC lad~s. 1ogether with 

machining centres, which are combined milling, drilling and boring machines, 

these lathes ccmstitute the bulk of the output of CNC machine tools. In 

section 4 we proceed to give an account of the eXperienc~ of the Republic of 

Korea and Taiwan, Province of China. Finally, in section 5 we provide some 

thoughts on policy in Argentina. 

'!._/ This paper dravs heavily on a study undertaken by the author on 
adjustment probl•s in the NICs as a :onsequence of the growing 
importance of CNC 118Chine tools in the global investment in machine 
tools. The project "Technical chance and technology policy - the case of 
computer numerically controlled lathes in Argentina, the Republic of 
Korea and Taiwan, Province of China", was financed by SAREC. Thefr 
support ia gratefully acknowledged. Some elements in the paper derive 
from a project undertaken by Dr. Charles Edquist aod the author. This 
refers to parts of section 2.1 and chapter 4. Approximately 20 per cent 
of the entire p11per is based upon our joint work. The joint project 
'Technical Change and Pattems of Specialization in the Capital Goods 
Industries of India and the Republic of Korea' is in progre•• and is also 
tinanced by SAREC. 
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1. THE INTERNATIOR.AL MACHINE-TOOL INDUSTRY 

1.1 The size and structure of the industry 

A metalworking machine tool is "a powerdriven machine, not portable by 

hand while in operation, which works metal by cutting, forming, 

physico-chemical processing or a combination of these techniques 11 (Kl'TA 

1983~2). It bas been estimated that there are some 3,000 different types and 

sizes of •chine tools ranging from leas than one ton to over 60 tons and 

ranging in unit prices from leas than one thousand pounds to over 400,000 

pounds (MTTA 1983~2). 

The machine-tool industry is therefore a very heterogeneous industry. 

Some products are, however, more i-.,ortant than others and ~n Table 1 v£ can 

see a list of the main categories of machine tools in the lS, Japan and the 

UK. Grinding machines, turning machines er lathes, millin~ and drilling 

machines constitute the bulk ot the stock of machine tools, altlio0'1;I-, we would 

like to emphasize that there are a large number of different lathes 3nd 

milling machines, etc. A broader classification would be to distir~uish 

between metal-catting and metal-forming machine tools. The former type 

accounted for 78 per cent of the stock of machine tools in the US in 1983 

(American Machinist 1983). 

Table 1. Stock of metalcutting machine tools in Japanese, US ancl t' 
engineering industries 

Japan (1981) us (1983) 

Units % of stock Units i of atod. 

Lathes 139 ,953 22.2 332,327 19 .5 
Drilling machines 118 ,811 18 .2 281,453 16.5 
Grindina machines 99,936 15.9 383 ,027 22.5 
Mi 11 i11R and plan-

ing machines 69,576 11.1 218,479 12.8 
Special machines 68 ,649 10.9 n.a. n.a. 
HC 1111ehines (all 

kinds) 22,397 3.6 92,772 
5 ·'· 

Others 1091366 _!!:! 3941775 ~ 

Total 628 ,688 100.0 1,702,833 99.9 

Source; Jacobsson 1984c. 

UIC : i976) 

Units i of stock 

198 ,83f 27 .o 
161,99 22.0 
i25 ,5:: 17 .o 

8 7 ,2Jl 11.8 
n.a n.a. 

9,725 1.3 
1531471 20 .8 

736. 7cl9 9!1.9 
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The machine-tool industry is small in national terms. Accordina to Jones 

(1983:1) it accounts for between one and three per cent of manufacturin" 

emoloyment in the developed countries, ~enerally speakina. Historically, the 

machine-tool industry has been an important transmission mechanism whereby the 

latest machini~ technolostY - so important in societies based on metals - has 

been diffused throu.,hout the economies. As MTTA (1983:2) puts it: "No modern 

product exists ~ithout machine tools. it not directly involved then certainly 

only one remove away". Un oassin._, we can note that electronics today has a 

similar function.) 

Perhaps the most notable feature of the machine-tool industry is that the 

producers are usually relatively small. For example, in the UK about 80 per 

cent of the employees in the machine tool industry work in firms with less 

than 500 employees, and 28 .S oer cent work in establishments with less than 

100 employees (ltTTA 1983a;22). In the US in 1977. there were 10 343 

establishments in the machine-tool industry out of which only 9 had more than 

10 000 employees. Alto,,ether. these 9 firms had 16,600 out of a total of 

83,100 employees, or only 1/5 ot the total work force. Thus, the industry is 

very atomistic and furthermore, the averaae unit is very small. An 

illustrative example is a Japanese firm which is one ot the world's leadina 

producers of computer-controlled machine tools. The firm has 10 700 employees. 

The case of Sweden can provide another illustrative example of the 

industry's smallness and atomistic structure as compared to other branches. 

In 1982. total p•·oduction of the Swedish machine-tool industry was valued at 

US $180 million (American Machinist 1983:77). The number of firms in the 

industry amounted (in 1980) to 35 and employed 4 0000 peaple. The avera._e 

number of employees per firm was 115. In contrast. Ericsson, a major 

transnational firm in the telecomaunication areas, had nearly 30,000 employ~es 

in Sweden and 38,000 abroad (in 1982). The volume of sales for the whole 

company was 3 0 115 million US dollars (Ericsson 1982). Thus, one firm in a 

branch dominated by lt<ICs is approximately 17 times as larae as the whole 

industry producina machine tools in Sweden. Similarly, if the !~US 

machine-tool industry were combined in one firm, its sales would rank only 

104th on the 1982 'Fortune 500' of America's laraest manufacturina companies 

(NK1'8A 1983/84~60). 
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1.2 Production and trade in •achine tools 

As can be seen in Table 2, which lists the 35 largest producers of 

machine tools in the 1110rld in 1983, Japan, the Soviet Union, West Germany, the 

United States and Italy were the five largest producers of aachine tools in 

Table 2. Estimated .iorld aachine tool production in 1983 

(in millions of US dollars) 

Country 

Japan 
Soviet Union 
West Genuany 
United States 
Italy 
East Germany 
Switzerland 
United Kingdom 
France 
Raaania 
People' a Republic of China 
Czechoslovakia 
Bul~aria 
Canada 
Republic of Korea 
YugoslaviM 
Taiwan, Province of China 
Spain 
India 
Sweden 
Austria 
Hungary 
Brazil 
Poland 
Bel.iua 
larael 
Australia 
Denmark 
si._apore 
Netherland• 
Ar~entina 
Mexico 
South Africa 
Portucal 
Hon, lone 

Total 

Source~ At. ~rican Mechini•t 1984~77. 

c • Rou'h estimate frOll fra,paetary data. 

Production 

3 ,518 .4 
3 ,019 .8 
2,965 .6 
1,870 .o 

975.7 
c835 .2 

734.0 
576 .7 
500.5 

c487 .7 
c472.6 

382.3 
240.5 
231.3 
210.0 
208 .5 
193.6 
184.8 
174.7 
161.8 
142.5 
131.0 
123.8 

cl20 .8 
90.9 
70 .o 
50.5 
48 .7 

c36 .7 
32.6 

c31.8 
c21.0 

14.4 
cl4.0 

c5.3 

18 ,877 .8 
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the world. .Amon~ the developi02 countries. the PeoPle's Republic of Olina vas 

the lar~est producer and ranked number 11 in the world. The Reoublic of Korea 

ranked as number 15 0 Taiwan. Province of China. as number·11. India as number 

19 and Brazil as number 23. Several other develooint countries includint 

Artentina can also be found on this list. Althou~h there are a number of 

problems associated with the valuation of output in economies which oPerate 

behind hiah tariff walls or where trade is restricted for other reasons, it is 

clear that the develoPin~ countries have protressed well in this industry. 

In fact, the developing, countries accounted for 6.7 oer cent of the total 

production of machine tools of the 35 countries listed in Table 2, whereas in 

1972 the developiD2 countries listed in a similar table accounted for only 2.6 

per cent of the world output (UNIDO 1975). 

The industry is characterized by a fair amount of international trade. 

In 1982, about 40 per cent of the production of the 35 countries listed in 

Table 2 was exported. The export and import ratios differ of course between 

countries. Smaller countries aenerally have both hi~her exPort and i111Dort 

ratios than laraer countries. For example, Sweden had an exoort ratio of 77 

per cent, and an import ratio ot 79 per cent in 1982 (American Machinist 

1984~77). Similar fiaures apply to other small countries such as Austria, 

Hun2ary, Switzerland and Canada, whilst larter countries such as Japan, the US 

and the Soviet Union are less reliant on trade (Table 3). Altho~h exact 

fiaures are not available, it would seem as if the trade dependency ot the 

industry has increased in the past decades. For the developi02 countries, the 

main characteristic is that their eXl)ort ratio is very low, with the exception 

of Taiwan, Province of China. The import ratio is also lower than for other 

smaller countries. 

The industry is on the whole, however, fairly internationalized a• far as 

trade is concerned. It ia lesa ao aa far aa direct foreitn investment is 

conci:rned. Historically, there has been very little toreian inveatment. Some 

US firms have made investments in Eurape, althouah Jonea (1983) note• that 

several of these are now beinR withdrawn. Direct forei~n inveatment in the 

developina countries is also very rare, the exceptions beina some German firms 

in ~razil and the odd US tina in Asia. More recently, however, Japanese finas 

have •tarted to make investments in the USA and in Europe as a means of 

overcomine potential trade restrictions. 
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Table 3. Trade in ~hine tools ot some nations 

(percentage) 

Country Export/Production lmport/Investaent.!1 

Sweden 
Austria 
Switzerland 
Canada 
Japan 
USA 
Soviet Union 
People'• Republic of China 
llepublic of Korea 
Taiwan, Province of China 
India 
Brazil 

77 
76 
88 
58 
34 
15 
8 
5 

39 
67 
11 
12 

Source~ Elaboration on American Machinist 1984~77. 

!.1 Production minus export plus import. 

79 
82 
61 
70 
8 

27 
30 
23 
50 
57 
35 
36 
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2. RECENT TRENDS IN THE INTERNATIONAL MACHINE-TOOL INDUSTRY 

Today the industry is •oirut throu•h some important charutes in terms of 

(a) the products it is producin2, {b) its trade ct>.aracteristics and (c) the 

barriers to entry into the industry. 

2.1 The products it is producin2 

The most important technol~ical development in the industry in the past 

decade has been the acceleratin• diffusion of co111Duter numerically controlled 

machine tools (NCHTs). These .nachine tools are today becomi02 standard 

machine tools for a ra02e of metal-cuttin• functions such as turnina, millin2. 

drillina and bori02. Let us briefly describe the technol~y of NCMTs. 

A nuaaber of different tasks can be identified in the aperation of a 

machine tool: 

(a) the workpiece is transported to the machine; 

(b) the workpiece is fed into the machine and fastened; 

(c) the riaht tool is selected and inserted into the machine; 

{d) the machine is set, e.2. 0peration speed; 

{e) the movement of the tool is controlled; 

(f) the tool is chanaed; 

(a) the workpiece is taken out of the machine; 

(h) the workpiece is transported to another machine tool or to a 

warehouse or to assembly; and 

(i) the whole process is overlooked in the case of tool breaka2es, etc. 

In the 1950's. the first numerically controlled machine tool was develaped. 

Instead of havina a worker perform tasks (d) and Ce>. the information needed 

to produce a particular part was put on a mediwa, e.2. a taoe, and fed into a 

nl.lllerical control unit. 8y simply chan2in2 the tape the N<'MT co~l1 ~uickly be 

switched from the production of one part to the productio11 of another. 

Flexibility and automation were combined. Because of the hiah costs of the 

NCMTs and the unreliability of the numerical control unit, the technoloey was 

not diffused widely until the early 1970s when the numerical control unit 

beaan to be based on mini-computers. A still more aianificant chanae in the 

technoloay was the introduction of micro-co..,utera •• the baai• for the 



I 
- 7 -

numerical control unit, a process which beaan about 1975. The use of 

microelectronics was associ•ted with an increase in reliability. a 

simolification in proRrammin~ and t~e automation of other tasks, in addition 

to (o) and (e). Tool chanRi~ is normally automatic today (tasks (c) and 

(f)), and automatic material-handlin~ equipment is supplied by the leadina 

firms in the industry, automati~ tasks (b) and (~). Finally the essential 

task of overlookin~ the production process (task i) has beaun to be automated 

thro~h automatic diaRnostics, etc. 

In Table 4 we can see how the share of NCMTs has increased in the total 

investmeut in machine tools in some OECD countries. The extreme case is 

lathes where. in some countries, the share of NC lathes in total investment in 

lathes 

Table 4. Share of NCMTs in total investment in machine tools in 
Sweden, UK, Japan and USA. 1978-1982 

(percenta~e) 

Year Sweden!/ uK!I Japan!/ USA 

1978 26.0 19 .o 15 .6 n.a. 
1979 31.1 22.5 27.2 n.a. 
1980 28 .6 30 .9 28 .3 27 .8 
1981 30.6 44.9 29 .3 30 .2 
1982 31.4 40.8 38 .8 n.a. 

Source~ Edquist a~d Jacobsson, 1984. 

a/ Investment in metal-formin~ NCMTs are not included due to 
non-availability of data. 

is close to 80 per cent (Table 5). In Table 6 we can see how the share of 

NC"1's in the total ~.?!!! of millinR, drillinR, borin~ machines, lathes and 

machinin~ centres chanRed between 1976 and 1982. Thus, there is a stronR 

substitution of NCMTa for conventional machine tools. This substitution 

process has been associated with a decline in the demand for some coventional 

machine tools, i.e. non-computer, numerically controlled machine tools. The 

decline is not only in relative terms but also in absolute terms. Thia effect 

can be illustrated by the examples of two of the most c0111Don machine tools, 

n.mely lathes and millina machines. For ex8111Dle in Jaoan the market for 

conventional lathes declined, in nominal terms, from Y 80 billion in 1974 to 

Y 44 billion in 1982. In contrast, in the same period, the market for CNC 
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Table 5. Investment in CNC lathes as percentage of all investment in lathes 
in a number of <ECD countries 

Year France FRG Italy Japan Sweden UK us 

1~74 n.a. n.a. n.a. 22 34 n.a. n.a. 
1975 n.a. 17 n.a. 23 43 n.a. n.a. 
1976 26 n.a. 15 28 42 19 
1977 47 n.a. n.a. 43 53 21 
1978 n.a. n.a. n.a. 41 70 31 
1979 n.a. n.a. n.a. 52 70 38 
1980 52 47 50 49 69 47 
1981 n.a. n.a. n.a. 45 78 73 
1982 n.a. n.a. n.a. 58 T! 79 

Source; Jacobsson 1984d. 

Table 6. Share of NCHTs in total output of milling, drilli05 and bori05 
machines, lathes and machiqing centres in a number of 

OECD countriee!f, 1976 and 1982 

1976 1982 

Millions of Per Millions of Per 

n.a. 
n.a. 
n.a. 
n.a. 

57 
n.a. 
60 

US dollars cent US dollars cent 

NCHT 1,145 36 3 ,658 66 
Conventional 2,005 64 1,846 34 

Total 3 ,150 100 5,504 100 

Source; ~dquist and Jacobsson 1964. 

!.1 USA, Japan, UK, France and Italy. 

lathes ~rew from 25 billion yen to 65 billion yen (Jacobsson 1984a;3). In 

Table 7, we can see how demand for engine lathes, the most simple type of 

lathe which is also the most traditional lathe, declined in Japan betwe,,d 1973 

and 1980. It is note1'0rthy that the lathe, and in particular the engine 

lathe, is the mo1Jt iq>ortant si°"le machine tool produced in llK>st, if not all, 

NICs. In the ic!public of Korea in 1982, 47 per cent (in value tetas) of the 

metal-cutting machine tools produced were lathes, vhil1t 74 per cent of 

exports were lathe~. In 1981 in Taiwan, Province of China, 38 per cent of :he 

value of exports of machine tools consisted of lathes (Jacobsson 1984b). 

Similarly, as can be seen in Table 8, in the case of the Ult, the deund for 

conventional aillinc machines declined in favour of IC aillinc uchinH and 

aachininc centres. 
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Table 7 Annual · a/. · fl h · J investment- 1n various types o at es 1n apan, 1973-1980 

(in millions of 1975 yen and percenta~e) 

Year 
NC Automatic En!ine Other lathes 

Total value 
Value 

Per 
Value 

Per 
Value 

Per 
Value 

Per 
cent cent cent cent 

• 

1973 26,097 22.7 38 ,583 33.6 36 ,081 31.4 13 ,978 12.3 114. 738 

1974 25 ,324 24.1 35,251 33.5 28, 153 26.8 16 ,314 15 .6 105 ,042 

1975 13 ,004 23.2 14 ,623 26 .1 21, 134 37.7 7,255 12.4 56 ,016 

1976 14 ,455 29.3 19 ,494 39.6 10,991 22.3 4,247 8 .7 49, 187 

1977 22 ,085 42.9 18 ,533 36.0 7 ,785 15 .1 3,048 6 .o 51,451 

1978 21, 132 41.9 17 ,250 34.2 8 ,887 17 .6 3 ,150 6.3 50,419 

1979 38. 239 51.8 20. 711 28 .o 12 ,810 17 .3 2,068 2.9 73 ,8 28 

1980 50,227 48 .5 30,959 29 .9 15 ,804 j •• 3 6,522 6.3 103,512 

Source: J acobsson 1984c. 

~I Investment refers to apparent consumption, i.e. production m:inus exports plus 
imports. 
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Table 8. Inveataent in aachini1!5 centres, II: aillin1t machines and 
conventional ailli05 .. chines in the UK, 1978 and 1982 

Un thousands of pounds and percentatte) !l 

1978 
1982 

Machiniost 
centres 

13, 151 
31,075 

(23.2) 
(49.6) 

NC-MilliDR 
machines 

26,024 
ll, 148 

(10.6) 
( 17 .8) 

Conventional ailliDlt 
:!lachines 

37 ,493 
20,421 

(66.2) 
(32.6) 

Source; Jacobsson 1984c. 

a/ Percentaste of investment in all machine tools perfonaintt a 
millina function, 1tiven in parentheses. 

There is also a substantial diffusion of NCMTs in the NICs. In Table 9 

we have listed available information on the stock of NCMTs in five NICs. In 

tel'1Ds of actual numbers, amonll the NICs, the Republic of Korea is the 1tr~atest 

user of NCMTs. In terms ot the share of NCMTs in the annual investment in 

machine tools, the NICs 3ppear to be behind the OECD countries. In the 

kepublic of Korea, for example, this percentalle was around 10 in 1982 and in 

1983, whilst the share in the OECD countries is in the order of 30-40 per 

cent. There is still, however, a siRnificant diffusion of NCMTs in the NICs, 

and there is nothi._ which says that NCMTs will not continue to be diffused at 

a 1treater oace in the future. 

Table 9. Approximate stock of NCMTs in Ar5entina, Brazil, India 
the Republic of Korea and Taiwan, Province of China 

Source~ 

Araentina 
brazil 
India 

(units 1983) 

Republic of Korea 
Taiwan, Province of China 

350 
l ,000 !/ 

378 
1,340 

;74 ~/ 

Ar~entina; Chudnovaky 1984; Brazil; Rattner 1984; India 
and the Republic of Korea; Edquilt and JacobHon 1984; 
Taiwan, Province of China; ITRI. 

!1 Imports 1972-1982 plus local production until Auaust 1983. 

!?./ Apparent consumption of NC lathe and machinina centres, 
1977-1981. 
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2.2 Trends in traje 

Two main trends can be observed as reRards the ge<JRraphical origin of 

trade in machine tools. Firstly. the Ja~>anese share in world eXpOrt of 

machine tools increased froa 4.S per cent in 1972 to 14 per cent in 1982. The 

German share declined fro• 32.2 per cent to 24.2 per cent. the us• s froa 8 .2 

per cent to 6.3 per cent. and the DK'• froa 6.2 per cent to S.2 per cent. 

Hence. there was a clear shift of eJEports from Western Europe and the US to 

Japan. The rise in Japanese exports was chiefly due to their succe88 with 

NCMTs. Secondly, the developiq countries increased their share of world 

exports froa 0 .47 per cent in 1972 to 3.2 per cent in 1982. These countries 

had jointly 3 per cent of the US -rket for machine tools in 1980, although 

for the simpler lathes, eJ!Rine lathes, they had reached a .. rket share of 18 

per cent (UNCTAD 1982). In 1982 1 US imports from Taiwan, Province of China, 

alone amounted to US $91 aillion which represented 2.1 per cent of the US 

market that year {HllTBA 1983/84). An analysis of the cases of the Republic of 

Korea and Taiwan, Province of China, is provided in chapter 4. 

2.3 The barriers to entry 

Although the size of the firas in the machine-tool industry is still 

small, for the industry-segment NCMTs there has been a trend towards larger 

firas in the past eight to nine years. The concentration ratio for, for 

exa11ple, II! lathes is fairly high; the largeat five Japanese firms, which 

doain~te the world industry, .:counted for 76 per cent of the Japanese value 

of production in 1981. The situation is similar in Europe and the USA. 

Furthenaore, • number of the firaa have begun to diversify into the production 

of other NCMTa than those they originally produced. In particular, many 

producers of NC lathe• are diveraifyit..g into the 1· .·oduction of machini~ 

centres. These two NCMTI con1titute the bulk of the output of NCMTa. 

Finally, a number of these fin .. have integrated backwards into the production 

of computers to steer their aachine tool1 1 that is, to the CIC unit. Thu1, in 

the •8Rment of NClfl'a there ia a trend towards larger-sized firms which ••ter 

not only the more conventional mechanical technol~ie• but also electronic• 

technoloey. 
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We noted before that a recent trend in the industry is direct foreistn 

investment by Japanese firms in Eur0pe and the USA. This trend is acc011Danied 

by a lari~e number of licence astreements between firms in Japan and in 

USA/Euro0e. Astain, the main tactor behind these devel<>oments is the threat of 

trade restrictions that face the successful japanese firms. A consequence of 

these collaboraticns may, however. be that the structure of the industry will 

chanste towards an oli~apolistic one. As one Japanese observer notes 

(Metalworkin~. Enstineerin~ and Marketin• 1983~36): 

"Where vill the new trend lead? The lar1ter machine-tool builders of 
J aoan, the United St ates and Eu rooe vi 11 become allied, co-0peratin1t in 
technolastY. production caoacity, marketi~ or capital. There will emerste 
some stroups that can quicken oli~0polistic C08'>etition ••••••• the 
technolasty, production capacity and caoital that are required ••• will 
exceed those ot today's 'middle-class' machine-tool builders." 

The barriers to entry for producinst NCMTs are thus histher than for produci112 

conventional machine tools, and furthermore, these barriers are increasinst. 

Let us look a bit closer at three of the more imoortant ba1Tiers to entry; the 

size of the firms and skill requirements. We will also briefly discuss the 

issue of intestration backwards to the production Jf CNC units. 

(i) The size ot firms 

As there are important economies of scale to be reaped in the production 

of both ti:: lathes and machininst centres, the size of the leadin~ firms in the 

~lobal industry is of interest. In Table 10 0 we have indicated the size, in 

terms of units of output of ti: lathes, of (a) the larstest firm and (b) the 

averatte of the followina 4 firms in Japan, Europe and USA. 

In Table 11 we have indicated the same for machininst centres but only for 

Japan. Two thinsts can be noted~ ( i) the size of the lead inst tinae have 

increased dramatically in the past ten years; and (ii) the Japaneee firms are 

the lar~est ones in the world. Thie applies also in the case of machininc 

centre• althousth it ie not shown in the Table. Thie can be decived from 

comparinst firm-level output in Japan with the national output in eome other 

OECD countries. Thus, whereas the leadin1t five firms in Japan produced 3,600 

unite in 1982, the !2!.!! production of machinina centre• in the UK wae 629 

unite in 1981; in France 123 units in 1982; in Italy 455 units in 1982, and in 

the US it wae 1,265 in 1982 (NMTllA 1983/84). 
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Table 10. rroduction of IC lathes in units b the leadin firaa in 
Europe, USl and Japan, 1975-1982 aelected years 

Avera~e of production of 
Production of the top fira the following four firas 

1975 1978 1981-82 1975 1978 1982 

Europe n.a. 250 1,000 n.a. 210 590 
b/ 

USA n.a. n.a. 52o!-1 n.a. n.a. n.a.-

Japan 270 1,000 2,500 105 525 1,400 

Source: Eur0pe and Japan-:. Jacobsson 1984d:l87 for 1975 and 1978. For 1982 
fina interviews and data received from the Japan Machine Tool 
Builders' Asaociation. 

~ 1980. 

'!_/ Total production of MC lathe• in the USl in units amounted to 2,739 in 
1980, 2,021 in 1981 and 1,489 in 1982 (KTBA 83/84:100). As the leaclin~ 
firm produces about 500 unita, the next four fil'lll• muat produce 
aubatantially leaa per firm. 

Table 11. Production of machining centres in units by the leading finaa 
in Japan, 1975, 1978 and 1982 

Production of machininc centres 1975 1978 1982 

The top firm 44 165 900 

The avera,e of the follovinc four firm• 39 76 675 

Source: 

aourcea. 
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As a further indication of the size of the Japanese fiDIS we can note 

that the total market for aachining centres in the Republic of Korea is 

approximately 100 units per year and in Argentina the total stock is less than 

100 (Chudnovsky 1984). Furthermore, whiJst the average output of the 5 

leadinst firms producing NC lathes in Japan was US $110 aillion in 1981, the 

whole Argentinian machine-tool production only amounted to a value of US $35 

million. 

(ii) Skill reguireaents 

Parallel with the development of la~e-scale production of NCM'Is, there 

has occurred a strengthening of the technolottical capabilities of the leading 

finas. Today, the larger Japanese firms employ between 150 and 250 design 

engineers. The leading European firms have between SO and 115 design 

enstineers. A large proportion of these are electronic engineers, between 30 

and 50 per cent in the leading finas. ti: lathes and aachining centres are not 

designed anymore by an inventive mechanical engineer, but by a tea with a 

multidisciplinary background. We can contrast the situation with the skill 

requirements necessary to caapete in conventional machine tools. One 

Taiwanese firm, which is very successful in eXporting engine lathes to the USA 

has only five design engineers, and an Argentinian fim bec-e the 

technological leader in Argentina having less than 10 design engineers 

employed. Hence, firms attempting to compete in the market for NCM'Is need a 

far greater number ot design engineers than are required to compete in the 

market for conventional machine tools. 

(iii) Backward integration!/ 

An issue related to skill requireaients is the need, as perceived by 10.e 

observers, to integrate backward into the production of the etc unit 

{Antonelli 1983, Perspective Plan C011111ittee 1983). 

It has been mentioned that a considerable number of firms are integrating 

backwards into the production of CNC units. Po1Ward integration frOll 

electronic fi1111 is, however, les• c011DOn. It is necessary, however, to be 

!/ Thi• section i• ba1ed on my Chapter (S) pp.221-222 in Chudnov•ky et al. 
1983. 



- 15 -

cautious in interpreting what this integration aeans to producers of NCMTa in 

the developi~ countries. 

The main reason for integrating backwards appears to be the benefits frc. 

the flow of knowled~e between electrc.nic designers and NCMT designers. 

Hove•r. this flow of lmovledce is only of importance if the fira is pursuing 

a strategy which invobres extending the technological frontier or which 

inc ludea important el-.ents ot custaa design. Extend~ the technological 

frontier aainly refers to adding di.tferent types of aaterial-handling 

equipaent to the NCllll' so as to acllie• unaanned production. The speed of the 

integration between. say 1 the CIC lathe and1 say 1 the robot. shou!d 1 however. 

not be exaggerated. The dewlopaent is a very recent phenomenon and leading 

Japanese firas in thi• field stated in January 1983 that only about 10 per 

cent of their Cr«: lathes. produced now 1 are equipped with robots.!/ 

For a firm produci1qt a standard NCKr and which intends to reaain an 

iaitator, there do not appear to be any disadvant~e•. fro• the point of view 

of the imovath1e process. in buyiOR within the CNC unit from another fira. 

It is just another compoocnt. Clearly. this was not the case when the lov

cost CMC mit had just been introduced in the aid-1970s 1 but the iaportance of 

the design links between the NCKr builders and the etc suppliers has altered 

over time. as t~ sources of supply have aultiplied. Hence. the role of the 

flow of knowledge between the CNC-unit producer and the HCKr builder has 

cha~ed over time and varies accordiOR to the atrat~gy pursued by the lathe 

builder. 

For the NIC countries. there .. Y be other reasons for establishiOR local 

production. It is being attempted in both the Republic of l<orea and Taiwan, 

Province of China. The Republic of ltorea has permitted Fanuc, which is the 

leading firm in the world, to establish a production unit there, which will 

probably result in a slight reduction in the cost of the CNC units due to 

lover local aH•bly costs. Taiwan, Province of China has a lar~e 

govemaent-sponsored prograime for an exclusively locally ude CNC unit. As 

!/ These robou are not proper industrial robots in the sense that they are 
dedicated to 1erving one particular •achine tool only and cannot be 
tranlferred to other application areH. 
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there are important economies of scale involved in producing CNC units. mainly 

due to (fixed) su~vare-developaent costs, the econoaic rationality for 

produci111t the CNC unit assuaes that a substantial local production of llCMl's is 

envisaged. One Taiwanese source (F"ar East Trade Service Inc. 1982) suuests 

that local production of CllC lathe• alone will aaount to 1,000 uoits in 1986. 

Even though this is questionable, a scale of output of CtC units in the order 

of 500 units per annua would appear to be necessary to achieve a coapetitive 

cost. The present level of output of HCMTs in Taiwan, Province of China, is 

less than 200 units. 

Likewise, local productfon of the CllC unit -Y be economically rational 

if the CNC-lache producer includes a laqe element of custom desimtn in it• 

products. Fro• liaited evidence this would seea to be the case of a large 

Brazilian aachine-tool producer who recently entered into a licensin& 

amtreeaent for the production of a kind of unit which can be used to control 

custOlrdesigned CIC lathes. 

Having discussed three of the -in barriers to entry in a very broal way, 

let us look in more detail at the caae of CIC lathes to find out how the size 

and nature of the barriers to entry vary depending on which fina st ratqy is 

chosen. 
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3. t1IE CASE <F CNC LATHEs!/ 

The international industry producing ct«: lathes operates in a market form 

characterized by monopolistic competition. This is also the case for 

.. chini111t centres. Aa Chamberlain (1960) noted. firms operatinst within such a 

.. rket form neither sell identical products nor are hOlll<>geneous in their 

resources. Die heteroReneity of CMC lathes is based on the iact that there 

exists a number of submarkets for CtC lathes. These submarkets differ in 

their demand in terms of the perfon.ance. size. and degree of standardization 

of the Cll: lathes. 

The cuatoaer can be anythi._ from a large automobile firm which requires 

a very high perforaance and cust~esigned CIC lathe served by a 

•terial-handli._ robot to a a.all workshop demanding a lo~perfonaauce. 

atandard CtC lathe. Satisfying the needs of different submarkets or niches 

requires various types of capabilities 6nd organization among the CMC-lathe 

producers. Indeed, when product• are differentiated, the sellers within an 

industry may vary systematically so that the industry contains groups of firms 

vith different structural characteristics (Chamberlain 1960~81). Hence, firms 

behave differently from their competitors, as a vay of survivi~. 

Caves and Porter (1977) take up this point in a paper which extends 

Bain'• (1956) analysis of barriers to entry. The authors establish that "the 

conventional view implies that barriers to entry into the industry protect all 

incumbent firms as a group - a logical conaequence of aHuming that they are 

homogeneoua" (Caves and Porter 1977~250). Instead, barrier• to entry are 

moreover specific to the group rather than protecting all finaa within an 

induatry. The authors also make the i..,ortant point that'··· barriers to 

mobility between groups rest on the saae structural features as barriers to 

entry into any group froa outaide the industry' (Caves and Porter 1977~250). 

Two implications follow from this analysis. Firstly "each of the 

standard sources of entry barriers can vary with the characteristics that 

define industry Rroups. Entry can be easy into one -roup in an industry, 

!/ This section is based on Jacobston 1984a. 
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blocked into another" (Caves and Porter 1977~254). Secondly, entry from 

outside of the industry is no lonaer a yes-no choice. Rather, the entry mist 

be tarleted to a particular lroup and" ••• each of the industry's lroups faces 

its own queue of potential entrants because of the aroup-specific character of 

entry barriers and the differina initial resources of potential entrant firms" 

(Caves and Porter 1977~255). 

One may identify three of these industrial, or stratelic, aro1JPS aaonst 

the CNC-lathe producers in the OECD countries. These ~roups all differ with 

respect to the choices the firms have made with six decision variables: 

product characteristics; taraet ~roup or market niche~ price level; marketinR 

or~anization; R and D orientation; and production volume. The three 

strateaies oursued by firms based in the OECD are: (l) the overall cost 

leadership strateRy; (2) the focus strately; and (3) the differentiation 

strateay (Porter 1980). 

The nature of competition as well as the protecti~ barriers to entry are 

different for each strat~ic lroup. These characteristics are suaaarized in 

Table 12. 

(l) The 'overall cost leadershio' strateay beaan to be applied by a 

number ot Japanese firms in the second halt of the 1970s. Induced by the 

developments in microelectronics, these firms desianed smaller, cheaper and 

lower-performance CNC lathes than those which hitherto had been produced by 

their CECD counterparts. Whilst these, very broadly speaki~, took the 

production problems of larler firm• as the point ot departure in their deaian 

efforts, it was rather the requirements of the mediWD end smaller firm• which 

Ruided the etforts of the Japanese firms. 

Thus, these Japanese firm~ deliberately tried to apen and succeeded in 

apenina up the market of very price-sensitive small and medium firms, a market 

which until then had been laraely unaftected by CNC lathes. Aa the lathes are 

standardized, the marketina can be done throuah a local dealer, and the a and 

D is oriented towards simplification and ease of usina the technolQRy. Aa 

there are larle economies ot scale to be reaoed in the production and 

marketina of CNC lathes, firms purauina this strateay require larae volumes of 

output. 
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Tab!e 12. Swiaary of the .. in characteristics of three strategies pursued by 
<EClrba~ed CNC-lathe producers 

Characteristics 

Product 
D~ree of 
standardization 

Performance 

Price 

Target groups 

Marketing 

Rand D 

Volume 

Overall cost leadership 

standard 

lo~mediua 

low 

highly price-elastic. 
small-.ediua sized 
fil'llS 

thro~h independent 
dealers 

low-cost. easy to use 
product. Occasional 
CIC development 

high 

Source~ Jacobsson 1984a. 

Focus 

largely standard 

med iua-high 

med iuar-h igh 

medium-price, elastic 
small-large finas 

through independent 
dealers or direct 
with the customers 

high performance 
coupled with standar
dization and modular 
design. Same special 
designs (software 
and hardware) deve
loped. Sametimes CNC 
development 

medium 

Differentiation 

important elements 
of custoa design 

high 

high 

leading edge finas 

direct with the 
the custaaer 

complex, system 
development some
times including CNC 
development. Some 
special application 
areas developed 

low 

In Figure 1, we have drawn a strategic map over the industry where on the 

horizontal axis we have indicated the volume of output of the main Japan~se 

and European prod\Oeers in 1981. The firme pursuing the overall cost 

leadership strategy are found to produce between 900 and 2 1500 units. On the 

vertical axis we have indicated the performance of the CNC lathes, ae meaeured 

by their motor powe~. 

(2) Whilst the firms pureuinc this etrategy eell CNC lathes with a 

low-medium performance, the firm• pursuing the !2!:.!:!! strategy produce 

high-performance CNC lathe&. Tl>.eee lathe• have a high cutting capability and 

very high precieion and rigidity. The market ie everything from &mall or 

large firms with a medium price elaeticity of demand. The distribution is 

done both through a local dealer and directly with the buyer. Whilst these 
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firms focus on the requirements of a particular se~ent. they are by no means 

isolated from price c~e,ition from the firms pursuing the ovecall cost 

leadership strate~y.. tbe price competition means that finns pursui~ the 

focus strategy have had to st~ndardize rheir products. but the frequent demand 

for custom design elements has meant that their R and D is often directed 

towards including elements of custom design. primarily in the fora of modular 

elements. tbese fil'llls have also had to increase their volume of output so as 

to gain from econQDies of scale. For example, two German firms (see Fi~ure l) 

had an output of between 500 and 600 units. 

(3) A slightly different strategy is to continue to emphasize product 

develapment as the competitive strength of the firm. In the case of CNC 

lathes, finB pursuing this "differentiation11 strategy often ~o for the 

development of flexible automation i.e. system development linking robots 

and/or other material-handling equipaent to the Ct«: lathe(s). These systems 

contain large elements of custom design and the target group is large. leadinc 

edge firms, e.~. automobile finas. Sales are direct, as the coamunication 

between the buyer and the producer can be a key factor in the innovative 

proceas. ProductioP volumes can be saall, as the market is less 

price-sensitive. One Swedish and one U.K. firm which more or leas follow this 

strategy produce 250 and 150 CtC lathes per annum, respectively. These firms 

can be found ic Figure 1 in the north-west comer. 

The entry into each of these groups involves overcOlling different 

barrie-:s to entry. The main ones are swmarized in Table 13. For a fhm. 

say, a meclium-si~ed machine-tool producer from a devel0ping country, desiring 

to enter the group followi~ the overall cost leadership •t~ategy, the main 

barrier• to entry lie in achieving econQDies of scale and having access to a 

large marketing network. The main barriers for tne focus strategy are in the 

fora of design skills, including electronic design akills, aa these firms 

often integrate backwards into the production of the numerical control unit. 

A good reputation for quality is also of particular importance to these 

firms. For firas desiring to pursue the differentiation atrategy the main 

barriers lie in having a marketing net110rk with direct links to a set of very 

advanced user f~, a brand image and design skills, again frequently in 

electronic•. 
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Table 13. Rankin! of the barriers to entry to the three different 
strategies pursued by <ECD-based firms producing CNC lathes 

Barriers to entry Overall cost Focus Differentiation leadership 

Economies of scale 1 3 

Access to large marketing 
network 2 

Design ski Us including 
electroni~ design skills 3 1 3 

Direct 1 inks with trading 
edge firms 1 

Brand Image 4 2 2 

Source~ Jacobsson 1984a. 

The overall cost leadership strategy is the dominant strategy. With the 

application of this strategy, mainly by some Japanese firms in the second half 

of the 1970s, the nature of competition changed in the industry. In 

particu l.ar, price coq,etition became a much more iq,ortant tool in competition 

than what had hitherto been the case. The pursuers of this strategy also 

dominate the industry quantitatively. This is illustrated in TablP. 14 which 

shows the share of the Japanese industry in world output. Similar changes 

have taken place in the industry of machining centres where the dominance of 

the Japanese industry is again reflected (Table 15). 



1975 
1976 
1977 
1978 
1979 
1980 
1981 
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Table 14. Production of CNC.!11athes in Japan, Europe~/ and USA 

(in units, millions of US dollars, and percentage share 
of total Japanese, Eurapean and US production) 

Japan Eu rape~/ USA 

Units % Value % Units % Value % Units % Value 

1,359 30 .o 66.0 14.8 1,535 33.8 166 .2~/37 .3 1,640 36.2 212. 7 
2,073 41.0 88 .7 17 .8 1,656 32.8 203.2 40 .8 1,321 26 .1 205.9 
3,900 52.6 159 .o 25.4 2,332 31.5 271.5 43.3 1, 178 15 .9 195.3 
4 ,986 49 .8 274.9 29.3 3,551 35 .5 425.8 45.3 1,464 14 .6 237.2 
8 ,065 57 .9 448 .5 34.2 3,505 25.2 514.4 39.2 2,354 16 .9 347 .2 

12,036 60.4 673.0 35.3 5, 137~/ 25 .8 75L7 39.4 2, 751 13.8 481.0 
12, 133 62.2 730.0 44.5 4,904 25 .1 468 .o 28 .6 2,021 10 .4 441.0 

Source: Jacobsson 1984a. 

a/ 

b/ 

c/ 

d/ 

SOUie of the production can be NC lathes, i.e. non-computer based, 
mnerically controlled. This applies particularly to the earlier years. 

UK, France, Italy, Federal Republic of Gennany and Sweden. 

Excluding 

Estimated 

Italy. 

production of 300 units for Sweden. 

Table 15. Production of machining centres in 
six leading OECD countries, 1982 

(in units and millions of US dollars) 

Units Value 

Japan 
USA 
UK 
Italy 
Federal Republic of Germany 
France 

6,936 
1,265 

629 
455 
710 
123 

Source~ NMTBA 1983/84, VJlW, UCIHU. 

649 
340 
84 
93 

137 
29 

% 

4 7 .Ji 
41.3 
31. 2 
25.2 
26.5 
25.2 
26.9 
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4. THE MACHINE-TOOL INDUSTRIES OF TAIWAN, PROVINCE OF CHINA, 

AND 'DIE REPUBLIC <»' KOREA 

The origin of the Taiwanese machine-tool industry is fairly recent. 

After the Second World War the development of the industry was retarded by the 

small size of the local market as well as by the low technical level of its 

customers (Amsden 1977). Howe~~r, towards the middle or end of the 1960s, the 

industry began to grow in response to both greater local capital accumulation 

and, especially, to growing regional dem2nd resulting particularly froa the 

Vietnam war. The TaiwaneEe machine-tool industry took advantage of the deaand 

for low-quality and low-performance machine tools by very price-aenaitive 

customers. 

The industry became export-oriented at an early stage, and by 1968 it 

achieved a 50 per cent eaport share. Initially, the eXports were mainly for 

the regional market, but in the mid-1970s the mein market for the Taiwane•e 

machine-tool industry became the USA. In 1981, over 77 per cent of eXport• 

went to develaped countries. Indeed, Taiwan, Province of China, is the 

fourth-largest .eXporter of machine tools to the us. By 1977 Taiwan, Province 

of China, became a net exporter of machine tools, the first newly 

industrializing country (NIC) to reach this position. The eXport orientatio~~ 

(in 1981 Taiwan, Province of China, exported 73 per cent of production) wa• 

conducive to a very rapid growth in the production of machine tools. The 

value of production rose from US $22 million in 1973 to US $242 million in 

1981. Although the eXport market shifted to the developed countriea, the 

strategy of focusing on the more aenaitive segment• of the market continued. 

By all standard• the Taiwaneae machine-tool induatry has been very 

successful. The perhaps surprising conclusion reached when studying the role 

of governDent policy is that there ha• been very little direct goverBaental 

influence on the industry. The nominal tariff rate has been very low, around 

10 per cent, and the effective tariff ha• been about the same. Some subtle 

import control• on machine tools exist, but they are almost certainly le•• 

stringent than the Republic of Korea'•· On the whole, quality and 

competitiveness of the machine-tool industry of Taiwan, Province of China, 

have increased gradually and 'autonomously' from an initial choice of 

product/market mix with low barriers to entry. The influence of government 

policy on this process has probably been greater than it• direct influence. 
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Of particular importance to the export aucceaa baa been the atability in the 

real eschange rate, ensuring stable relative price• of forei~n and 

domestically made &ooda. Thia stability haa, of course, had the effect of 

reducing the riaka involved in inveatina in a -rketin& network abroad, and 

haa allowed the entrepreneurs to baae their strategies on expansion in foreign 

markets. Finally, growth in the daaestic demand for machine tools has been 

constant, in contrast with •ny other econmaies where demand has fluctuated 

greatly. 

As in the case of Taiwan, Province of O.ina, the machine tool industry of 

the Republic of Korea originated in the period after the Second World Var. 

The industry remained very •all, however, until the mid-1970s. In tema of 

value of production it was only marginally smaller than the one of Taiwan, 

Province of O.ina, but the GRP of the Republic of Korea is far larger than the 

one of Taiwan, Province of China. FurtheI"llOre, the export ratio was very low 

(only 12 per cent in 1974). In the second half of the 1970• the machine-tool 

industry of the Republic of Korea vent through a period of e:aplosive growth. 

Production rose from US $13 million in 1973 to US $178 million in 1981 

(Table 16). Exports failed, however, to rise to a level comparable with 

Taiwan, Province of 0.ina; only 18 per cent was exported in 1981. The fast 

growth in the production of machine tools vaa instead based on a very rapidly 

growing home market. By 1979, the Republic of Korea had become the 

tenth- largest investor in machine toola in the world. The expansion of 

machine-tool production in the Republic of Korea has a large element of import 

subatitution; the i111Port share of machine-tool investment declined from 73 per 

cent in 1974 to 39 per cent in 1981. In contrast, the import share of Taiwan, 

Table 16. Production of machine tools in the R ublic of Korea 
and Ta1van, Province of Oi1na, 971- 1, se ected years 

(in million• of US dollars) 

1971 
1973 
1977 
1979 
1981 

Source~ Jacob11on 1984b. 

Republic of Korea 

5.2 
12.6 
73.7 

163.7 
178 .o 

Taiwan, Province of 
China 

12.8 
22.0 
67.8 

189 .1 
242.3 
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Province of China, is around 60 per cent - a difference related to the fact 

that in Taiwan, Province of China, i~ is a gover11aeot ~ency which decides 

whether to allow imports or not, while in the RP.pl~olic of Korea it is the 

machine-tool makers' association itself that has the power to decide. Unlike 

Taiwan, Province of China, the Republic of Korea· is still, however, a net 

importer of machine tools. In 1981 the trade deficit amounted to around 

$100 million, a figui.e vni~h can be compared to the total investaent in 

machine tools in the same year of $331.3 million. 

Apart from having promoted rapid growth in domestic demand, which indeed 

was a function of the major effort to build up a machinery industry in the 

Republic of Korea, the Korean Government has, unlike its Taiwanese 

counterpart, played a major role in the development of its machine-tool 

industry (Bendix et al. 1978). The central features of its policies were: 

- the availability of long-term loans with subsidized interest rates; 

- import prohibitions on items which could be produced locally; 

- financial assistance to machinery firms of the Republic of Korea who 

bought Korean-made machine tools. 

A condition, or possibly a preference, was, however, that the firms receiving 

such incentives should export a certain proportion of their output. There 

appears to be an understanding between the state and the firms that effort• to 

export machine tools should be made. 

The Government's intere•t in the machine-tool industry and it• readine•• 

to intervene were further underlined in the 1981 "Basic Plan for the 

Advancement of the Machinery Industry". The instnamenu used by the 

Government were again import re1triction1 and credit policies. The 

import-substitution character of the development of the machine-tool industry 

al10 clearly sugge1ta that the Governaent has been influential in its policie1. 

4.1 Entry into the production of NCMTs in the Republic of Korea and Taiwft, 

Province of China 

Taiwan, Province of China, and the lepublic of Korea have entend iato 

the production of both CIC lathes and machining centres (Table 17). In 



Year 

1977 
1978 

1979 
1980 
1981 
1982 
1983 

- 27 -

Table 17. Production of CIC lathes and aachining centres in 
the Republic of Korea and Taiwan, Province of Olina 

(units) 

Taiwan, Province of China Republic of Korea 

CNC lathes Machining centres CNC lathes Machini111t centres 

14 
40 not available, 

but probably zero 
78 7 l 

106 24 9 
174 18 87 
163 53 222 7S 
n.a. n.a. 233 118 

Source~ Jacobsson 1984b and KMTMA 1984. 

comparison, the Arcentinian production of IC lathes amounted to 7 units in 

1982 and 10 units in the first 11 months of 1983. Machini112-centre production 

is at the prototype level (Chudnovsky 1984). While Taiwan, Province of China, 

entered earlier than the Republic of Korea, the latter has now overtaken 

Taiwan, Province of China, in the production of both CIC lathes and machinin~ 

centres. In terms of value, production of the Republic of Korea of these two 

types of machine tools amounted to US $16.5 million in 1982 ~ainst Taiwanese 

production of only US $9 million. 

Even if the Republic of Korea has overtaken Taiwan, Province of Olina, in 

spite of the latter country's earlier start, in term• of the requireaents set 

by the intemational nature of competition, tho~h. all firms in both 

countri~• produced below the minimum efficient scale of production. As 

aentioned earlier, scale is now very important and indeed, only one out of 

eitht firms interviewed in these countries claimed that they made a profit on 

the production of CNC lathes. In both countries the machine-tool indu1try i1 

very atoaized. In the Republic of Korea, for exa91ple, 55 firms are li1ted by 

the lorean Machine Tool Manufacturers• A1&ociation. In Taiwan, Province of 

China, there are 30 producers of lathes. Out of this •roup, four firms in the 

Republic of Korea and two or three fina• in Taiwan, Province of Olina, have 

-raecl H leaders on the bali• of scale of output and "maH" of technole>Rical 

c.ip•Uitiu. These sia or seven firas produce nearly all of the t«:MT1 in 

these countries. These fira• all have sale• of between US 110 million and 
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US $20 million, and have a desiitn staff of between 25 and 60 enstineers. Other 

firms produciDlt conventional ••chine tools survive only in a •uch smaller fora. 

In Table 18 we have listed some characteristics of these six le .. inst 

firms. A nuaber of points can be made. Firstly, all of the. produce both 

machini111t centres and lathes. althoURh the emphasis is on one of these two 

products. The production of both these products is, as was aentioned earlier, 

.~ general trend in the industry although not all fins are affected by this 

trend. Secondly, the firms eJKpOrt a high proportion of their output, it taken 

tostether. Thirdly, in the majority of cases, own design devel0paent 1 

including copyin~. is the source of technology. The high eJKpOrt share and the 

importance of ovn design development are of course linked in that licensinc 

normally includes eXpOrt restrictions. 

CNC lathe production is the more developed activity. Let us look a little 

closer at the position of these firms within the international CNC 

lathe-industry. 

Even these tvo relatively successful countries are still saall in tents 

of their share of the world production of CIC lathes. Whilst in 1982, the 

Republic of Korea and Taiwan, Province of China. had 3.3 per cent and 6 .o per 

cent, respectively, of the world!/ production of conventional lathes, their 

share in the world production of CIC lathes was only 0.4 per cent and 0.7 per 

cent}./ 

Firms in these two countries constitute a fourth strateaic group within 

the international CIC lathe industry. The overall strategic position of the 

firms in these countries can be described as a low perforaance atrateay,'l./ 

i.e. one focusing on the low-perfonaance segment of the market. In the 

'l/ 

The ''world" is defined as the seven largest CECO countries plus the 
Republic of Korea and Taiwan, Province of China. The seven OECD 
countries accounted for 85 per cent of the non-•ocialiat world's output 
of machine tools in 1981. American Machinist, February 1983. 

The 1hare in world output of the Republic of Korea and of Taiwan, 
Province of China. was measured in value. 

The 1aiae applie1 to aachinina-centre production in Taiwan, Province of 
China. 
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A hp. of ltorea 110 
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strategic •p in Figure 1, three firas froa these countries have also been 

plotted. These can be foum in the south-vest corner of the •ap. The 

strategy pursued by these firms involves focu9ing on users which do not 

require a high cutting capability or high precision and vhich are extremely 

pric-.-sensitive. Typical users can be saall subcontractors, first-time users 

of Cl!C lathes, schools am scae •etalworking plants in the tiICs. The fact 

that the CllC lathes are o! lover perfonaance, given their size, •eane that 

they are cheaper to bujld. This is achieved, e.g., by using motors vith a 

lover horse power and foss rigid castings. The strategy is also Iese 

demaming in terms of i.eeign skills because of the nature of the product as 

vell as the fact that these firms can, and very often do, copy other firms' 

models. Copying also implies lower R and D costs. Given the standardized 

nature of the product, imependent distributors can be used. Access to a 

distribution network is facilitated as they can use a network which sells CHC 

lathes of firms pursuing a different strategy. For example, in Sweden the 

leading Taiwanese producer of Cl!C lathes uses a distributor which also sells 

high-performance CNC lathes produced by a Genaan fira. 

A n1.mber of problems still exist, however, for firas following this 

strategy. In terms of the requirements set by the international market, 

nearly all of the firms produce below the miniaaml efficient scale of 

production. The .. in sources of scale economies lie in the purchasing of 

components and in marketing and after-sales service. These scale economies 

also apply to firms pursuing the lov-perforaance strategy. Indeed, as was 

mentioned above, only one of the eight firas interviewed in the Republic of 

Korea and Taiwan, Province of China, claimed that they made a profit on their 

production of Cl!C lathes. A contributing factor to these losses are the costs 

associated vith creating a brand name for new entrants. A brand name involves 

not only large expenditure on promotion but also pursuing a low price profile 

for a long period of time. The present position of the fin1s is, however, 

untenable in the long run on account of the existence of econcuies of seal~. 

It is also very questionable if the world market for such low performance CNC 

lathes is large enough to absorb the output of these f inas even if they were 

to produce volumes large f!nough to re.:h a break-even point. A move to 

another strategy whict involves not only larger volmea of production but also 

producing a technically somewhat upgraded product would therefore seem to be 

neceaaary. In spite of these prob lei .. , the low performance strategy is a way 
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for firms to enter the industry and gain experience. It should. however. be 

seen only as the first step in the longer process of the consolidation of 

their entry. 

Comparing the resources of the leading NIC firms with the resources 

required to pursue the three different strategies. one concludes that the 

eventual shift to a strategy resembling the overall cost leadership strategy 

t10uld involve overcoming the lowest barriers to entry. Although the minimum 

efficient scale of production. using Japanese cost data. is estimated to be 

around 800 units per year,!/ the lover labour costs in the NICs can reduce 

this figure. Indeed, the leading firm of the R"!public of Korea estimates that 

it •ill break even at an annual volume of production of 330 CNC lathes. This 

figure is. however, somewhat below the "normal" break-even point. as this firm 

has access to very cheap control systems which can constitute as much as 30 

per cent of the cost of the CIC lathe. Shifting strategy to something close 

to the overall cost leadership strategy would also imply an upgrading of the 

technical performance of the CIC lathes as well as producing a larger r.umber 

of models. This process has already been started by the two leading Asian 

NIC-based firms. However. these firms will probably need to double the number 

of designers in the medium term in order to succeed in this shift in 

strategy. All in all. doubling the ntaber of designers and reaching a sales 

volume of, say. 500 units per year would be less difficult than to begin 

producing the high performance Cte lathes of the firms pursuing the other two 

strategies. not to speak of acquiring the marketing network and the brand 

image that these firms have. Thus, the leading NIC firms would need to move 

northeast in Figure 1 to a point very approximately indicated by X. 

The exception to the rule, as regards choice of strategy, is one firm of 

the Republic of Korea which has a mixed strategy. On the one hand it follows 

the "low-performance strategy" on the international market. On the other 

hand, on the local market it appears to have the ambition to develop into a 

local "problem solver". It has developed a four-axes CNC lathe for the 

leading automobile manufacturer and sold a large number of units to that 

firm. It has also developed a simple material-handling device for CNC 

!/ See my chapter (5) in Chudnovsky et al. 1983 for a detailed discussion of 
the iseue of scale economies. 
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lathes. Recently, the firm developed a machining centre which according to 

firm sources, is aimed at the same market as the four-axes tC lathes, n .. ely 

larger firms. 

4.2 Goveronent policy 

What role then does the Government have in this industry? Before 

describing the actual policies in the Republic of Korea and Taiwan, Province 

of China, let us briefly discuss the theoretical justification for state 

intervention. 

Whilst the production of conventional machine tools involves overcoming 

very low barriers to entry, the successful international sale of NCMTs 

involves overcoming very high barriers to entry. Indeed, the step from 

producing e.g. no lathes at all, or from producing, say, a textile machine, to 

producing engine lathes is smaller than the step from producing engine lathes 

to CIC lat~es. Although external econa:aies may be present ("the machine tool 

industry being a strategic industry in the capital goods sector''), the main 

argument for state intervention is the non-marginal changes in the barriers to 

entry i~ the industry. In the case of CNC lathes, these changes arise either 

as firms start to produce CIC lathes and begin to pursue the low-performance 

strategy, or when they shift from this strategy to the overall cost leadership 

strategy. For the NIC-based firms, the question is not to advance gradually 

into marginally stronger positions in terms of financial and technological 

capabilities. Radical changes are instead required. Design personnel and 

sales need to be doubled at least, and the production and marketing capacities 

need to be strengthened accordingly. Such radical changes in strategy 

certainly involve a great deal of risk, and there are good reasons for 

assuming that one corner stone of the infant industry argument, namely that of 

imperfections in the capital market, applies. It would apply to firms 

beginning to pursue the low-performance strategy, but also to firms shifting 

to the overall cost leadership strategy. 

Of course, it is not self-evident that the NIC Goverraents should use 

their scarce resources to foster this particular industry instead of some 

other industry, but, for example, the Govertlllents of the Republic of Korea and 

Taiwan, Province of China, have specified NCHTs as a strategic product. In 
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this context it should be mentioned that 1 although the barriers to entry into 

the production of CNC lathes are far higher than those for engine lathes, they 

are nevertheless rather low in comparison with other high-tec~nology 

industries. For example, in telecOlllllunications, which is another industry 

affected by microelectronics, the leading firms employ around 2,000 design 

engineers (Goracsson 1984) 1 which is about 10 times more than the number of 

engineers in the leading Japanese finas producing NCHTs. Thus, the 

opportunity costs involved in creating competitive, firm-specific resources in 

the machine-tool production should not be exaggerated. 

Both Taiwan, Province of China, and the Republic of Korea have designed 

specific policies for the machine-tool industry. Whilst the policy of the 

Republi~ of Korea has been in operation for SOiie time, the Taiwanese one was 

initiated as late as 1982. The three main elements are trade restrictions, 

credit policies, and R and D policies. 

(i) Trade restrictions 

In February 1983, the Taiwanese Government was contemplating a rise in 

the tariff rate to 20 per cent for some more advanced machine tools, including 

NCHTs. The Government of the Republic of Korea allows import restrictions to 

be applied for machine tools which can be produced domestically. The 

noteworthy aspect of this policy is that it is the Machine Tool Manufacturers' 

Association which in reality decides which machine tools can be produced 

locally, and therefore those which can be imported. In the case of Ct«: lathes 

in the Republic of Korea, the present rule is that all Ct«: lathes below a 

certain size must be supplied from domestic sources. As the size limit is set 

very high, the vast majority of CNC lathes cannot be imported. It is also the 

case that the import share of investment in CNC lathes dropped from 85 per 

cent in 1981 to 31 per cent in 1982 in value terms. Similar regulations apply 

to machining centres. 

Of course, if the domestic supplying industry can produce the same range 

of NCKI's as are supplied by the international industry, at a price equal to 

the internat iona 1 price, the domestic buyers of machine too ls would not 

suffer. However, leaving price differences aside, a fundamental feature of 

the machine-tool industry is the high degree of product differentiation, which 



extends even to such a well-defined product as CNC lathes. In the case of CNC 

lathes the domestic industry in the Republic of Korea produces only 

lo~performance machinery. In the <ECD countries the buyers of such machine 

tools are generally very price-sensitive small firms. However, in the 

Republic of Korea, where import restrictions apply to all Ct«: lathes below a 

certain size. all machine-tool buyers will have to settle for the 

lo~performance CNC lathes of the Republic of Korea. 

(ii) Credit policies 

The other main component in government policies concerns credits. In the 

Republic of Korea, the state channelled large amounts of capital into the 

machinery industry in the second half of the 1970s. The machine-tool industry 

also received credits with negative real interest rates. Furthermore, some 

firms received subsidies because they moved to the Changwon industrial complex 

in the south of the Republic of Korea in 1976-78. The most dramatic case of 

govenunent intervention is the build-up of the firm which is now the largest 

producer of C?C lathes in the Republic of Korea, and indeed in the NICs. This 

firm, which is part of a larger conglomerate, started from scratch in 1977 

with a loan of over US $40 million. Other firms also received credits, but 

not on the same scale, although they amolDlted to millions of US dollars in 

several cases. 

In Taiwan. Province of China. the Government implemented a Strategic 

Industry Progra111De in 1982. The Prograame has approximately US $250 million 

at its disposal and the money is allocated to individual firms for the 

production of about 115 types of products. It can be used to finance up to 

65 per cent of the costs of a new project, including skill formation. The 

explicit purpose of the fund is to absorb sane of the risks associated with 

the initiation of new and more advanced product lines. The second-largest C?C 

machine-tool producer in Taiwan, Province of China, is one of the firiu which 

receives funding from this Progranae. The firm is building a new plant for 

the production of a large nuaber of NCHTs using very advanced production 

technology. Honey is also available for the other leading firms as and when 

they wish to use it. 
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Hence, in terms of credit policies, both GoverBDents have shown a 

willingness to design policies which assist the leading firms in the 

machine-tool industry to enter or consolidate an entry into the market for 

NCKTs. The magnitude of the intervention is, however, different. Whilst 

complete data are not available, the intervention of the Republic of Korea is 

much greater than the Taiwanese. In part, this st~s from the different needs 

of the industry, the machine-tool industry of the Republic of Korea being 

younger than the Taiwanese. In part, however, the difference reflects greater 

overall state involvement in the Republic of Korea than in Taiwan, Province of 

China, an involvement which baa contributed to the industry of the Republic of 

Korea overtaking the Taiwanese in the CNC machine-tool field. 

(iii) R and D policies 

The Rand D institute ICAIST, which is financed by the Government of the 

Republic of Korea, was instnmaental in helping the second-largest producer of 

CNC lathes in the Republic of Korea to shift over to the production of CNC 

lathes by helping it with the basic design development of its first model. 

The R and D policy could be said to have been of some significance in that 

particular stage of the firm's development. Similarly, KAIST had the same 

catalytic fi.mction in the design of a machining centre by another fillll. 

The KIRL, in Taiwan, Province of China, which is partly fir.anced by the 

Govenuaent and has 120 mechanical engineers and 60 electronic engineers, plays 

a similar role to that of KAIST in the Republic of Korea, although KIRL's 

section for machine tools ie substantially larger. As part of its many 

activitiee, HIBL hae designed two CtE lathes for emaller lathe producers who 

are juet entering into the production of CNC lathee. Furthermore, it was 

recently announced that MIRL had entered into collaboration with the two 

leading firms for the development of a robot to be used for transferring 

component• to and from Ct«: lathes. Again, the role of goverrment R and D 

policy, in the form of a government-finaaced R and D inetitute, had a 

catalytic role in changing the firm•' product etrategiee. 
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5. SOME THOUGHTS ON POLICY IN ARGENTINA 

It is, of course, very difficult for an "outsider" with limited knowledste 

of the industrial and political context in Arstentina to provide policy 

prescriotions. Some lesson can, however, be learnt from studyinst other 

countries. The followin~ pa~es should be seen as attempt to contribute to the 

Ar~entinian policy discussion. The conclusions in this chapter are therefore 

only tentative and will need tc be revised in the listht of the present local 
context. 

Before discussina in some detail the role of explicit stovernment 

policies, let ~s briefly mention some i1111>licit policies or rather basic 

tac tors which need to be dealt with if the explicit policies are to be 

effective. These basic factors are nearly self-evident, but may be 

worth-while mentionina anyway. Before continuin2, we assume that the stoal of 

th~ industrial policy is to create an internationally comoetitive industry. 

Firstly, a sufficient supply of human capital needs to be p~qured. This 

refers to en2ineers, technicians and skilled workers. Seco . ..i ly, the price of 

raw materials, e.2. steel, needs to be set at the international level or below 

it. Thirdly, the real excha~e rate needs to be stable to ensure that the 

risk to entreoreneurs of buildinl up a marketina network and reputation abroad 

is minimized. Fourthly, a lenerally stable enviroranent, and titthly, an 

"atmosphere" of export orientation need to be created. With this we refer to 

all social and cultural elements which make a nation look at itself as part ot 

the ~lobal economy rather than as an isolated unit. The economic incentives 

for inducina tirms to export are dealt with below. 

5 .1 Industrial policy for the NC machine-tool industry 

As was s~own in earlier sections, the production of NCHTs is nonually 

restricted to a small number of firms. The same applies to Araentina where, 

to our knowledae, there are only two firms producina NCMTs. One of these 

produces CNC lathes and the other machinina centres. Aaain, it is not 

self-evident that the Araentinian economy should foster these finu. It could 

equally well be ar2ued that these firms should not be subsidized and that 

NCMTs will be imported instead. However, assumina that a machine-tool 

industry is jud2ed to be vital for the economy, the very strona substitution 
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by NCHTs for conventional machine tools would clearly suggest that, from a 

market point of view, it is of strategic importance to move into the 

production of CNC lathes and machining centres. The substitution effect is 

strongest in the international market, but applies also to the Argentinian 

market, as was shown in section 2.1. Given the long time it may take to 

achieve international competitiveness in the NCHT industry, it would be of 

strategic importance, from the point of view of creating an industrial 

capability, to move into the production of these machine tools as rapidly as 

possible. In the following sections, we will first discuss the case of Ct«! 

lathes and then the case of machining centres. 

(i) CNC-lathe production 

Let us begin this section with a historical note on the experience of 

Argentina and Taiwan, Province of China, in lathe production.!/ 

Nearly all the NIC firms which are now trying to enter into the 

production of Ct«! lathes have as their main product engine lathes. The 

industry producing engine lathes is characterized by very low barriers to 

entry. The low barriers to entry have resulted in a fragmentation of the 

industry ~ilich is partly caused by a relatively weak technological basis, even 

among successful firms. With low barriers to entry, the learning time is 

short, which is illustrated by the fact that several Taiwanese firms which 

were established around 1970, became successful exporters only a few years 

later. 

The leading Argentinian firm in the field of engine lathes is the only 

Ct«! lathe producer in the country. It operated for nearly 20 years in a 

context which made it relatively more profitable, and certainly a lot less 

risky, to sell on the local market than on the international market. The 

state policies of importance were high effective tariffs and an exchange-rate 

policy, or rather, lack of, which resulted in extremely fluctuating real 

exchange rates. A high export subsidy also existed, but was not sufficient to 

induce fi'C1118 to export. Finally, the domestic market was small and same.,hat 

fluctuating. 

!/ The following three pages are based on Jacobsson 1984a. 

" 
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The trade and exchanite-rate policies meant that the firm mainly chose to 

limit itself to the local market. Given low barriers to entry and a small 

local market. it was rational for the firm to follow a strateitY where it 

utilized its locally superior desiitn skills to exploit a number ot niches. 

These consisted of firms demandillSI, hi~her performance and more advanced types 

of lathes. In addition the Aritentinian firm produced a set of standard en~ine 

lathes of relatively hiith quality. The erratic local market also meant that a 

broad ranite of products acted as a risk reducer astainst a sudden drop in 

demand (Castano et al. 1981). 

In terms of the performance of the firm. this stratellY had several 

effects. Firstly. the broad spectrum of lathes produced meant that the unit 

costs were hi~h. The firm tried to rectify this problem at an early staae bv 

introducinll modular desitln, but this effort could not compensate tor the 

initial hitlh costs. Secondly, in terms of skill development, the stratetly 

pursued meaot that the firm required an excessive number ot production 

planners in relation to desiitners. The firm had between 7 and 8 per cent of 

its employees in production plannintl, but only 3.6 per cent in desistn. In 

comparison, the three leadinit Asian NIC firms have between 1.3 per cent and 

3 .6 per cent in production p lanninit and between 5 per cent and 9 per cent in 

desilln development. Thirdly, althoullh the lathe industry is atomized in all 

countries, the reliance on the local market meant that the Aritentinian firm 

remained very small, both in terms of tinaucial and technoloaical 

capabilities, even thou~h it was the leadinst firm locally. For example, 

whilst the two leadinst Taiwanese firms have 35 and 25 desillners, resoectively, 

this firm had only 7. Fourthly, the firm had no incentive to follow closely 

the chantles in the international frontier. When the first CNC lathe was put 

on the market in 1980, the desi11tn was already dated. Finally, the firm lacked 

experience in marketinll as well as a <!evelooed marketinst network and 

reputation abroad. 

In the Taiwanese case, lathe producers operated within a context 

characterized by somethinit close to free trade. The exchanlle rate policy 

pursued by the Government meant that there was a stability in the relative 

prices of domestic and foreilln tlOods, which implied that exportin~ did not 

involve unduly hhh risks. The firms chose in this context to epecialize in 

the low performance/low price ••tlment of the international market. The 
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i~itial customers were price-sensitive customers in the region, but the 

products were gradually upgraded and the emphasis was shifted to the most 

price-sensitive, developed-country customers. 

Although Slllaller than in Argentina, the local market grew steadily in 

contrast to the Argentinian case, which meant that the lathe producers took 

less risks when they specialized their production. 

In terms of performance. the export-oriented Taiwanese growth differed 

from the Argentinian case in several respects. Firstly. whilst a similar 

fragmentation of the industry took place in Taiwan. Province of China. as in 

Argentina, the export orientation of the Taiwanese firms not only meant that 

production could be increased dramatically, as can be seen in Table 19, but 

also that a 11111811 number of larger firms was permitted to emerge. The 

emergence of these larger firms implied that firms with a substantial skill 

and financial base existed at the time when the 'electronic revolution' began 

to affect the industry. The proper response was therefore made much easier 

than for the leading Argentinian firm. 

Table 19. Production of machine tools in Argentina. the Republic of Korea and 
Taiwan, Province of China, 1969-1981. selected years 

(in millions of US dollars) 

Year Argentina 

1969 17 .6 
1971 22.2 
1973 38.3 
1974 n.a. 
1977 60.0 
1979 62.0 
1981 35.0~ 

Source: Jacobsson 1984d. 

!/ Metalworking machinery. 

!/ Preliminary. 

Republic of 
Korea 

5. J!!f 
5.2 
6.3 

12.6 
73;: 

163.7 
178 .o 

Taiwan, Province 
of China 

9.2 
12.8 
22.0 
33.2 
67 .8 

189 .1 
242.3 

Secondly, the prior export orientation meant that the firms continuou1ly 

received information on the recent development• in the international market 

and that the fir.1 under1tood the importance of learning to analy1e the 
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conditions for success in the international .. rket. Thus. in contrast to the 

Ar1tentinian firm. the leading Taiwanese firm responded very quickly to the new 

desiitn trends originating in Japan about !979. The two lead~ Taiwanese 

firms also responded to the need for a larger nUlllber of desimtn etlllineers u 

they began to emphasize CNC lathes in their production. and they have ::aore 

than doubled their number of design engineers in the last four and seven 

years. respectively. Finally. the firas gained invaluable experience from 

exporting in the 1970s. which allowed them later to implement strategies which 

involved export ratios of 80 per cent of production. 

The Taiwanese case suggests that the firms were able to finance 

internally the learning costs associated with the initiation of the production 

of engine lathes. This is what we wuld eapect to happen in industries with 

low barriers to entry. Undei: the government policy the firas were able 

rapidly to gain the benefits from an international cOlllpetitive edge and grow 

acconlingly in their financial and skill base. Furthermore. the close contact 

with the international market provided the firms with very essential 

information and experience. In the Argentinian case. government policies did 

in fact restrict the growth potential of the more capable firm(s) and ensured 

that they did not have the incentives to keep up with the changes in the 

international market. The correct gover .. ent policy in the case of engine 

lathes would therefore seem to have been such which enabled the firms to 

exploit their competitive advant11Re. Whilst the infant industry argument 

would apply, as it may to all new activities, the evidence suggests that the 

period of infancy did not need to be very long. 

Coming back to the leading Argentinian fina, at the end of the 1970s it 

bemtan developing a design for a CIC lathe of it• own. Over the la1t four 

years the fina has sold a mall nuaber of the1e machine tools locally 

(Chudnovsky 1984). The de1ign was, however, dated already when the first CHC 

lathe vas marketed and t"e firm realized that they need a new design. In 1981 

the management was also considering a change in its strategy and discu11ed the 

poHibility of going for exports with CHC lathes. It was estiaated that the 

firm needed to produce 360 IC lathes annually to break even in an 

international context. Given the limited local market, export orientation 

wuld be required within a context of "free trade", in the sen1e of abeence of 

protective barriers. Aa was noted above, the firm did not, however, poa1es1 
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the characteristics to make an export orientation a comaercially interesting 

alternative. It was saall. had no .. rketing network abroad and was very weak 

internationally speaking. not only in terms of design skills but also in 

financial strength. Furthermore. it was operating in a wry hostile 

enviromaent. Finally. it could not count on an active state policy of the 

kind we have seen perforaed in the Republic of Korea and to saae extent in 

Taiwan. Province of China. The manageaent then decided• rationally. that 

export orientation vaa not what it wanted and asked for and received tariff 

protection. With tariff protection it could continue its inward-oriented 

strategy. Such a strategy did not. however. necessitate a continued 

self-reliance in design•. and the fira became a licensee for the first tiae in 

its history. 

Thus, implementing a protective barrier meant that the fira did not need 

to take the great risks and cost& of developing its own designs for CIE 

lathes. Furthermore. it did not require the fina to pre.duce CIE lathes in 

very large quantities so as to becOllle price-competitive. Hence, the 

government policy of giving tariff protection had a result directly opposite 

to that of creating an internationally competitive industry. Of course. in 

the dismal economic and political conditiOl18 of the time. it could well be 

argued that granting protection to the firm gave it the necessary basis for 

survival. It could also be argued that protection made it possible for the 

firm to stay near the technological frontier instead of falling further 

behind. Indeed, it is almost a miracle that in Argentina two firms are 

producing NCKl's after the prolonged crisis. However. using only tariffs as 

the basis for a long-term policy vis-l-vis this industry would not be 

recommended. Indeed, if this policy continues, the policy will help to create 

a permanent infant industry• The contrast with the Asian NICa state policies 

is stark. As was noted in section 4.2, these Govermaents have used credit 

policies as their main policy element in fostering the CNC-lathe production. 

The Republic of JCorea has also used trade restrictions of an absolute 

character. On the whole. however. the trade restrictions have not influenced 

the firms' objectives and strategies as they have done in Argentina, partly 

because of the importance of credit policies in enabling the firms to change 

their strategies radically, partly because the domestic market is greater in 

the Republic of Korea than in Argentina, and partly because of the atmosphere 

of export orientation in the Republic of Korea. 
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What should then a prooer RO"Vernaent policy in ArRentina consist of? The 

firm needs to be induced to chaORe its strateRY to one. in our ooinion. 

11 b - h 11 1 h - 1/ h 1 - -eventua y einR t e overa cost eaders lP strateRY·- T e exo 1c1t 

assumotion is. as was stated in the becioniDR of this section. that the 

objective of ROvernaent oolicy is to create an internationally :011Petitive 

industry. There are -ny short steps to take. and the whole process may take 

many years to be co11Pleted. However. the fira aust be induced to atrenRthen 

its technol<>1tical capabilities and. subsequently. to eKport. In FiRure 2 we 

located the fira (f ira F) within a nuaber of IUC-based finu. All the firas 

in the Fisture follow the lov-oerforaance stratettY· The firm needs (a) to 

beccae one ot the leadinR firas within this strateRY and (b) to shitt 

subsequent lv into another stratetty which is more viable in the loOR-tena. The 

firm needs therefore to move north-east in the FiRure which aeans both 

improviDR its desiitn capabilities and produci111t a larcer nu.her of units per 

year. The latter involves eXDOrtinst due to the liaited local -rket. 

Thus. the objective of covermaent policy is to induce the fina to chanae 

stratettic orientation. How this is done is of secondary i11Portance. althoulth 

the social cost of foateriDR an industry •Y vary dependi1111t on the tools 

used. Thia is well known. and the reasons need not be reiterated here. The 

first step for the firm in its loDR process of strateRic reorientation and 

ttrowth would be to start develooinR own desicns for CIC lathes. It would 

also. over a period of time. employ perhaps five times as .. ny de•illn 

eORineers as it e111Dloys at present. One way of forcinc the fir• to do so 

would be to limit the period of protection to. say. five years. After that 

oeriod the firm would have had to have develooed its own basic desilln• since 

(a) the supply of licenses would probably atop. as it would acain be viable to 

eXport CIC lathes to Arcentina; and (b) the inward-lookinR stratesty would no 

loncer be viable simply since the local urket is not larce enoURh to allow 

the fina to reap 11:he benefits of economies of scale and thereby be 

price-c0111petitive with imports. An a port orient at ion would be needed. .As 

eXS>orts are normally not allowed by the licensor. the fir• would require to 

have its own desic.... Of course. there are not always export restrictions 

CNC lathes are stable products today in the sense that the uin technical 
:evelODaenu take place in ancillary equiDMnt1. There are therefore 
less risks that a .. jor shake-up in the international industry will take 
place in the 80s and early ¥Os. 
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attached to license ~ree.ents, but in such cases the design is noraally dated 

al?d the c~rcial value of the desiRn in the international market is very 

lov. It is of course for this reason that the licensor permits exports of the 

machine tool. 

Another way of forciOR the fira to start developi~ own designs would be 

to make tariff protection or other subsidies conti~ent -.on own design 

development. Other alternatives may well exist. The State would, however, 

also need to provide the funds for aod absorb some of the risks involved in 

choosing the strategic reorientation outlined above. Thus, a generous credit 

policy is called for. This credit policy and strategic reorientation need to 

start soon if the fina is to become internationally competitive by the end of 

this decade. 

The exact configuration of policies pursued by the Governaent, thoU1th, 

11Duld have to take into account the present local contellt. What needs to be 

underlined, however, is that the policy iHue is certainly not a question only 

of whether tariffs should be erected or not and at what height such tariffs 

should be set. As we have seen in the case of the Republic of Korea, import 

restrictions of an absolute kind have been associated with a very successful 

expansion of NCKI" production. It is rather the totality of pressures and 

incentives operating that is at stake and how that totality influences firm 

behaviour. Here we would astain like to underline the importance of the basic 

factors mentioned in the b~inning of this section. These M>uld of course 

have to be solved before an offensive industrial policy is started, otherwise 

a strategy of "survival" will alwayR be the rational one for the firm to 

pursue. 

(ii) Machining centres 

Accordi~ to Chudnovsky (1984) there is one fira producing special 

machine tools which has b~un to produce machining c'!ntres. The firm 

anticipates that it will follow the strategy of custom design for .. chininc 

centres, too. Thi• strategy is totally opposite to the lov performance 

strategy and the overall cost leadership strategy anticipated to be the one 

for the CNC-lathe producer to follow. Cu1tom-de1igned machinery is of course 

a lot le•• price-sensitive than standard machine tools, and geographical 

nearne•• and a cOllllOn language may be decisive for the competitive strength of 



- 45 -

the fira. With 30 deeicners (Chudoovaky 1984-:.50) the firm has developed a 

considerable ,._.ss" of sltills and it muld seea likely that a ~radual growth 

of the sales of custom-designed •chining centres could be implemented without 

state intervention. The critical factor for a fira of this type is well 

developed •rketinc relationships with their customers. and given that the 

fir• has developed such relationships on the basis of sales of other special 

•chine tools, this should not be very problematical. On the other hand. if 

the fira desires to move into developing FHS, i.e. system develGpment around a 

•chininc centre, there aay be reasons for protecting the firm for a vhile and 

allowing it to develop such contacts with local users. similarly to the firm 

of the Republic of Korea discussed above. Again though, the protection should 

have a tiae liait. 

(iii) Concluding reaarks 

A few cone luding reaarka can be aade. Firstly. the R and D policy of the 

Republic of ~rea and Taiwan, Province of China. includes design centres for 

NCM'rs. A concentration of acarce design skills in a government R and D 

institute aakes sense; (a) when there are many firms which want to move into 

the production of such machine tools: and (b) when there is no experience in 

desicning NCM'l's aaong local finas. Thia is not the situation in Argentina and 

it vould •ke better sense for the Government to help directly in creatinc or 

atrencthening the design teams in the firms in question than building up a 

design team in, say, INrl. 

Secondly. one important benefit of licensing the design of a Ct«: lathe is 

that the licenaee can get lover prices for the Ct«: unit and accessories from 

the licensor than from the producer of the CNC unit. As and when the firm 

producing Ct«: lathes 1hift1 to own design development, it would be beneficial 

for that firm and the firm producing machining centree to buy these component• 

together. Large coat reductions could eventually be made that way. 

Thirdly, •rketiDR abro*1 involves very large barriers to entry, not only 

in the eenae of havin& to build up a &ood reputation, but also in the form of 

economiea of acale. In order to etrengthen their intemat ional marketing 

poeition, collaboration between the two Argentinian f irma should be achieved 

by their aharinc some of the fixed co1t1 of urketing. The Government could 

aleo, ae in the Taivaneee case, help by arranging permanent machine-tool 

ex hi bi tion• abrom. 
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Fourthly, as the situation seems to be today in Argentina, there is no 

firm producing standard machining centres. The CNC-lathe producer apparently 

plans to introduce machining centre models, but then under licence from the 

licensor of their Cte lathes. Given that the trend towards integration of 

CNC-lathe production and machining centre production is strong, and that there 

nd . f h . . l/ . ld are sou economic reasons or sue an integration,- it wou appear 

reasonable to think about' the possibility of including the production of 

standard machining centres in a ~overrment plan to develop the NCMT sector. 

Several possibilities exist concerning the organization of such a production. 

Firstly, the CNC-lathe producer may try to design his own CY:: lathes as well 

as his own machining centres. Given, however, the weak designing capacity of 

the firm, such an attempt would almost certainly be doomed to failure. For 

example, the leading producer of CNC lathes of the Republic of Korea, with 60 

designers (as compared with less than 10 in the Argentinian firm), has gone 

for licensing of oachining centres on account of the fact that it would not be 

able to keep up with the internacional development in CIC lathes if it 

diverted some of its designers to machining centres. Secondly, the Cl«!-lathe 

producer could strengthen its industrial capabilities through merging with 

another firm, which has a capability in milling-machine design (this being the 

basis for the design of machining centres). This enlarged firm could then, 

possibly, go for both CNC-lathe design and machining-centre design. Thirdly, 

the firm producing custom-designed machining centres could also produce 

standard machining centres for the international and local market. If so, it 

could collaborate with the Cl«!-lathe producer in terms of both joint marketing 

and joint acquisition of components. 

5.2 Conventional machine tools 

The second half of the 1970s was characterized by very successful exports 

of conventional machine tools partly from Taiwan, Province of China, and to 

some extent from the Republic of Korea, to the C£CD countries. In the 

Taiwanese case, the eXport drive was associated with a fast growth in output 

of machine tools, whereas in the case of the Republic of Korea the home market 

!/ In terms of composition of components, CNC lathes and machining centres 
are very eimilar. This means that if a firm produces both, it can get 
cheaper components as it buys more. The two machine• can also be 
produced in the same production apparatue and marketed jointly. 
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was more important. The main foreign market has been the US market, but the 

European market has also been penetrated. Judging from interviews with two of 

the leading Argentinian producers of lathes there appear to be no 

firm-specific reasons why these firms could not have done the same as the 

Asian NICs and gained a foothold in the US market. Given that the basic 

factors are taken care of as discussed in the beginning of this section, in 

particular the cost of raw materials and the fluctuating exchange rates, some 

of the time lost over the past ten years could well be recuperated. As could 

be seen in Table 19, Argentina was ahead of the Republic of Korea and Taiwan, 

Province of China, only 10 years ago in machine-tool Froduction. Two problems 

may, however, warrant attention. Firstly, although up-to-date figures on the 

number of producers are not available to us, it was said in the mid-70s that 

there were 20 lathe producers in Argentina. In 1981 there were 30 lathe 

producers in Taiwan, Province of China. Given that Taiwan, Province of China, 

produces many more lathes than Argentina (in units 10 times the numb~r), there 

may be reason for concentrating the industry sanewhat in order to strengthen 

its technological and marketing capabilities. Secondly, the firms need to 

realize the importance of marketing development. In Taiwan, Province of 

China, this was chiefly taken care of initially by US machine-tool 

distributors going to Taiwan to seek low-cost producers. Subsequently, the 

firms invested in marketing facilities and took over some of the functions of 

the distributors. The Taiwanese Governaent also intervened and provided the 

starting-up money for an institute which collects and distributes marketing 

data and arranges for penaanent exhibitions to be created. A great deal could 

be learned from studying the experience of Taiwan, Province of China, in this 

respect. 
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