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Abstract:

This paper studies the industrial structure of the machine tool sector in Japan. We tried to face both
the evolution of its economic variables, and the most important factors of its strength and weakness.
After having considered the start-up and the development of this industry (chapter 1), in the second
chapter we underline the role played by industrial policy. Thanks to a policy based on the managed
competition Japanese firms overcome rapidly the oil shocks in the Seventies, and the technological
change in the Eighties. Within the economic variables our analysis is based on production (chapter
3) and exports (chapter 4). After having considered the industry as a whole, we studied the main
industrial groups (chapter 5), their strategies in the technological field (chapter 6), their external
growth (chapter 7). The evidence of some relationships between firm's strategy and policy
instruments (chapter 8) gives us an optimistic view about the success of Japanese firms in the serious
crisis of the Nineties.

La ricerca affronta l’esame della struttura dell’offerta del settore delle macchine utensili in Giappone
cercando di evidenziare sia l’evoluzione nel corso del tempo di alcune variabili economiche, sia i
principali punti di forza e di debolezza delle imprese giapponesi.
Dopo aver esaminato le determinanti della nascita e della prima fase di sviluppo del settore  (cap.1),
nel secondo capitolo si sottolinea l’importanza della politica industriale nel consentire alle imprese
una rapida risposta agli shock degli anni Settanta e all’evoluzione del progresso tecnologico degli anni
Ottanta. Tra le principali variabili economiche si approfondisce l’analisi dei dati di produzione
(cap.3) e delle esportazioni (cap.4). Successivamente si passa dall’analisi dell’aggregato settoriale
a quella dei singoli gruppi industriali (cap.5), del loro controllo sull’innovazione tecnologica (cap.6)
e delle loro strategie di crescita esterna (cap.7). L’evidenza di chiare relazioni tra  le strategie seguite
dai grandi gruppi e gli strumenti di politica industriale a disposizione nel Paese (cap.8) forniscono
segnali positivi per il rapido superamento della pesante crisi congiunturale dei primi anni Novanta.
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1. The pattern of growth of the machine tool    industry in Japan

1.1 Until the end of world war II: growth towed by the military industry

The origin of the industry of machine tools in Japan goes back to the nineteenth century.
Some studies [Chokky 1986]  indicate that the various military arsenals, previously equipped
with imported machine tools, began their own production in around 1870 to cover very
specific needs.

Along side this core of user-producers there was soon a high concentration of small
handicraft enterprises that dedicated the know-how they had accumulated in mechanical
technology to the imitation of imported machine tools in order to duplicate performance at
a lower cost.

Moreover, several service workshops that worked for the arsenals converted their own
businesses into the more profitable production of such machinery.

According to other sources [MEM 1982] it is not so important to single out the precise
origin of the sector but rather to underline that already at the end of the nineteenth century
industrial statistics revealed, very significantly, a high number of independent machine tool
manufacturers and a continuously expanding market.

The strategic character of this newborn industry and its particular connection with the
military sector clearly stood out during the Russian-Japanese War of 1904-1905 when the
arsenals considerably increased the demand for machine tools. It is noteworthy, however,
that most of this demand for machine tools was fulfilled by imports, generally European,
especially in segments of high technology.

The autarchic period of the First World War substantially reduced the amount of
imports and provided further opportunities for the consolidation of the national sector.

The industrial statistics point out - in the period from 1915 to 1921 - the first real
expansion of the sector: production grows from 1.5 to 18 billion yen and exports reach, at
the end of the period, 11% of total production.

The evolution of this sector became evident immediately at the first trade fairs of
machine tools where there were not only various types of lathes, a product which represents
the historical nucleus of the newborn industry, but also numerous other metalcutting  and
metalforming machines.

Subsequent phases of expansion did not occur until World War II broke out, during
which the Japanese machine tool industry   had a series of “special war facilities” granted by
an “ad hoc legislation” in 1938 (Kosakukikai Seizo Jigyo-ho) in favour of the sectors which
were strategically important for military purposes [1].

The remarkable prosperity of the war period (production tripled between 1938 and
1944)  was followed by a severe crisis in the post-war period, during which the machine tool
sector’s recovery was even weaker than that of the Japanese industry as a whole. The reasons
for this slackening are to be found in the fading out of the main outlet market, the military
one, and  in the greater pressure of imports, which grew easily in a market that had been highly

[1] It is noteworthy that the “war economy” in Japan lasted from the invasion of Manchuria in 1931 till the
end of world war II.
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protected until then. Moreover, only half of the amount of machines that had to be taken away
from Japan after the agreements on war damages was actually taken over and therefore the
old machinery remained and did not favour the demand for replacement. In this context, the
number of manufacturers decreased drastically, both due to the disappearance of marginal
enterprises that were unable to withstand the crisis, and to the reorganization process that
resulted from the crisis: there were 446 manufacturers in 1944, 80 in 1948 and 21 in 1951.

1.2 From the post-war period to the present: the yen economy and the technological
competition

Only in the 50s did the machine tool sector hitch onto the recovery of the automobile
sector (with which it was highly integrated) and the railway and naval sectors, having
terminated its reconversion process from military production. In this period the growth was
towed by domestic demand, especially of public origin (among the various examples, the
reorganization plan of Japanese railways that was aimed almost exclusively toward national
production). It was precisely the Japanese growth model, towed by domestic investment, that
favoured the machine tool industry.

As will be seen later, in this period the role of government was decisive in the
development of the sector. For example, with the law of 1956 for the modernization of
strategic sectors (Kikaikogyo Rinji Sochi-ho) the machine tool industry was favoured
directly, with tax-incentives and financial grants, and indirectly through investment-incentives
in other sectors.

Throughout the 50s and 60s the quantitative growth of the sector was accompanied
by a parallel qualitative development of technological updating.

In this sector, as well as in most of Japanese industry, technological change came from
outside the country. The purchase of technology from Europe was a determining factor, with
which it set up a series of R&D activities for imitation. In this regard one might recall that
the manufacturers’ association (JMTBA) even established a work group in that period, made
up of representatives from MITI, companies, universities, and other research institutions, for
the purpose of ascertaining which technologies would be most suitable for importation (in
order to later attain the qualitative levels of European manufacturing). They decided on the
strategy of imitation, which made it possible, all the same, to improve the more advanced
technologies and to make use of licence contracts obtained from mostly European companies
(29 licences in the years 1961-64). The granting of licences from French companies prevailed
among the agreements made.

Once again the decisive role of government came forth: the law of 1950 that concerned
foreign investments in Japan (Gaishy-ho) selected the purchase of foreign technology to
promote the development of national sectors [2].

The brilliant results obtained in the 60s by Japanese industry are partly attributable to
the success of this strategic choice. They were generally happy years for the machine tool

[2] The aforesaid law, administered by the MITI, was withdrawn only in 1980, when it was no longer
necessary to have authorization for foreign investments in Japan.
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sector, except for the heavy recession from 1963 to 1965 which caused a drop in demand and
a significant number of bankruptcies among the weaker manufacturers. Nonetheless, due to
the flexibility of capital and labour markets, the effects of the crisis were toned down and the
sector took advantage of the new upswing during the second half of the decade.

Entering into the difficult decade of the 70s was facilitated by the privilege attributed
to R&D and  technology as determinant strategic variables for gaining the competitive
advantage. In fact,  in the 60s there were already some NC machines produced nationally,
and in the 70s there was a real boom of such production. In 1970 at the JMTOF Trade Fair
in Osaka the companies belonging to the JMTBA exhibited 123 NC machines,  of which 44
were lathes and 29 were machining centers.

In this case as well, the consolidation of NC machine manufacturing came about with
the use of foreign technology: in the period from 1970 to 1973 the Japanese companies
obtained 58 licences, mostly from U.S. manufacturers, who in the meantime had replaced the
Europeans as a source of technology for Japan.

In this period a close relationship between technology and the propensity to export can
be observed -  in correspondence with periods of more intensive use of technological licences,
one notices a sharp rise  in the export and production data. The inverse is true for the amount
of imports in relation to domestic demand. The Japanese case affirms that even R&D based
on imitation can produce - obviously in the best of surrounding conditions - optimum results
for the whole economy of the sector.

Though the first granting of Japanese licences started to appear abroad - 10 cases
distributed throughout South Korea (5), Taiwan (3), Spain (1) and the U.K. (1) - the
technological balance of the sector continued to remain negative for the entire decade,
notwithstanding the fact that a JMTBA report on the development of the sector emphasized
that at the end of the 70s the technological level of Japanese machinery was comparable to
the level of European and American one [ MEM 1982 ]. During the second half of the 70s
another indication of this evolution appears: the cross-licensing process between Japan and
foreign countries based on an increasing specialization in production.

The development of the sector in the 70s was closely related to the spreading of
technology and the international division of labour. In fact, with the devaluation of the dollar
in 1971, the prices of Japanese machinery were no longer competitive. To make things worse
there were the two world oil crises: two digit inflation figures, zero growth in 1974, high
unemployment, a sudden fall in machinery investments were some of the negative effects of
those crises. In a nutshell, an entire pattern of growth, the so-called “yen economy”, faded
out. This model had been based on the penetration of foreign markets throughout the post-
war period by exploiting  price competition, knowing well that the domestic markets were
safeguarded  by protective policies (tariff and non-tariff). Subsequently technological
competition, based on non-price factors, ensued and replaced  the previous pattern of growth
- though with considerable difficulty. Also in this case, overcoming the crisis was fostered
by domestic demand, mostly from the public sector, aimed at a labour-saving and energy-
saving reorganization of industry, and no longer by the expansion of the production capacity
as in the 60s.

The analysis of the sector’s growth model can be completed by considering the
following aspects [ Jacobsson 1986 ]:

- the increase in the number of manufacturers was favoured by the vertical integration
of major users (essentially automobile groups), and by the establishment of independent and
specialized manufacturers;
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- we can notice a significant number of manufacturing joint-ventures between Japanese
and American manufacturers, although none of quantitative significance;

- the close ties between industry and banks allowed for a substantial contribution of
financial resources, not only debts but also equities. This favoured the financial structure of
the major producers, by then no longer family enterprises (as they were after world war II)
but part of the large economic groups.

2. Some aspects of the Japanese industrial policy for the machine tool industry

As seen previously, the machine tool sector has been traditionally supported by public
demand for military purposes. However, after Japan’s defeat in World War II this important
outlet market faded out and an attempt was made to immediately replace the military demand
with new industrial markets. Positive results were not obtained initially: lack of investments,
low demand,  and a total lack of infrastructures prevented  the sector from taking off and it
suffered - probably more than other sectors - the difficulties of rebirth. In fact, since the public
demand (for example, the reorganization of the railway system) was not sufficient to inject
new life into recovery, a large part of economic activity depended on the private sector,
increasing the degree of competition between producers.

This brief introduction helps to interpret the attention that the public operator, from
then on, has always dedicated to the machine tool industry.

We can affirm that the industrial policy for the machine tool industry has generally been
prompted by the following strategic design: government assistance provides, firstly, a strong
administrative guide superimposed on the rules of the game of competition; moreover,
perhaps to a lesser degree, it grants financial, fiscal and trade benefits that are very carefully
aimed and undoubtedly effective [Komiya-Irino 1989].

The principal instruments of this strategy were the development plans of the 50s and
60s, guided by the MITI on account of the undiscussed authority it could wield on
entrepreneurs of the sector (in actuality much greater than its power over the rest of the
industrial system).

Some examples of such guidance transpired in the 50s, when the JMTBA association
furnished a precise plan for re-modernization upon the request of the MITI; or in the
beginning of the 60s when the development plans favoured mergers and the elimination of
marginal enterprises in accordance with MITI recommendations; and finally, when in 1965,
in order to check the negative cycle of the demand, the MITI “advised” the operators to make
cooperation agreements among competitive groups. For the entire duration of the crisis the
entrepreneurs tried, in a certain sense, to self-limit  domestic competition by colluding against
foreign competition. Parallel to this role as a guide, the public operator provided financial
backing through the Development Bank (Fukko Kinjn Kinko). This bank was very actively
in favour of machine tools. Almost 20% of the total credits granted by the industrial
reorganization  law of 1956 (Kikaikogyo Rinji Sochi-ho) was directed to this sector.

The industrial policy of the last two decades has particularly fostered the diffusion and
evolution of technology in the machine tool sector. At this point it must be remembered that
Japanese machine tools in the 50s and 60s were distinguished by their poor quality, lack of
reliability and low prices. As a matter of fact a survey by the automobile manufacturers’
association in 1954 contained numerous complaints of the poor performance of domestic-
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made cars and underlined the need to improve the quality of machine tools to promote
development of the automotive sector [MEM 1982 ]. Such indications were taken into
consideration by the government when it administered the access to financing laws (the
above-mentioned Kikaikogyo Rinji Sochi-ho of 1956) and laws in favour of the diffusion of
technology.

Among the more effective instruments of industrial policy was the imposition of some
tariff barriers defending national products, based on the customs law of 1952 (Kigyo Gorika
Sokushin-ho).

It is noteworthy however that the protectionist weapon was not aimed at short-term
objectives, but was part of a precise strategy of long-term economic planning. In fact, the
tariff barriers in the lower segments and the free entry into the higher technology lines allowed
for diffusion of technology among users and, contemporaneously, a process of R&D based
on imitation by the manufacturers (who could reinvest the profits, accumulated from the
protected segments, in the new technologies). Not until 1983 were tariffs of all types
completely removed - there was no longer a need for them because the sector had become
a definitive exporter of technology and products.

Another provision of law that indirectly promoted this sector was the continuous
devaluation of the yen in the 50s and 60s - the low labour cost and low export prices allowed
the Japanese companies to win international competition in segments that were sensitive to
the price variable. In this case as well a medium-long-term strategy  was chosen: the profits
accumulated were invested in R&D activities which would later be fruitful precisely at a time
when  - due to international causes (among these, the end of the “Bretton Wood system”)
the possibility to win competition exclusively through the price variable started failing.

The instruments used by modern-day Japanese industrial policy incorporate the
learning process accumulated throughout the long period of growth of the sector. R&D
action and international partnerships are given priority, rather than destining resources to
safeguard the “status quo” (no matter how positive the status quo may be).

3.  The evolution of machine tool production

3.1 Main statistical data

The data regarding the production of Japanese machine tools clearly show the different
economic cycles. In particular, graph 1 shows the fall of production caused by the process
of revaluation of the yen, which started very suddenly in 1985-1986and diminished over time.

At this point it is necessary to start by saying that the analysis of data expressed in
current values should be verified in light of the variation of the relative prices of the productive
factors and of terms of trade. The lack of  disaggregated deflation indexes does not allow us
to determine constant value, as was attempted in other, more aggregated surveys  [Vitali
1990].

It is nonetheless worthwhile - and it will be taken into account, especially in the analysis
of international trade - to examine the evolution of the real bilateral exchange rates of the yen
with respect to the dollar and the ECU (considered along with the importance of the foreign
trade of machine tools). Graph 2, which uses the wholesale price index as a deflator, shows
that the devaluation/revaluation cycle of the yen with respect to the dollar  is particularly
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evident. In 1985-1980 period there was a 20% devaluation, which was recovered in the
second half of the 80s (in 1990 there was a revaluation of 15% with respect to 1980). As
concerns the EEC, the revaluation trend is continuous from 1982 to 1988, with an inverted
tendency in the last two years.

Such a decline in the terms of trade could have an explosive effect on the structure of
the international trade of a country’s manufactured goods.  Japanese industry’s response to
these changes was to use all forms of competition which did not involve prices, a variable
in this case completely exogenous to company behaviour. As we shall see in the analysis of
the technological content of Japanese exports, the country successfully used that strategy.
Moreover, the efforts to implement it were considerable, if we take into account the high
R&D expenses made by the Japanese companies (see chapter 6) and the substantial number
of patents taken out: approximately 8,500 in 1986, 50% more than the amount for 1981
[MEM 1989]. Still in reference to acquiring the competitive advantage within technological
competition, bear in mind that also the participation of Japanese  industry in international
R&D programmes [MEM 1990] is significative and based on the close links between
universities, enterprises, and the government apparatus (MITI).

However, it should be pointed out that the major reason for the success of Japanese
industry is basically loss containment: in fact we must not forget that the level of production
in 1987 fell to the same levels as in 1980 and in the past few years there has been a loss of
the international market share [Calabrese 1990].

Having duly verified the reliability of these statistical data expressed in current terms,
we can proceed to analyse the evolution of the each segment of production.

It is immediately evident that the “historical” importance of lathes among metalworking
machine tools - their share goes from 32% in 1980 to 24% in 1990 - fades out and is replaced
by machining centers that go from 16% in 1980 to 26% in 1990 (see table 1). Moreover, in
the play of relative weights the remaining lines are of little importance: the weight of drilling
machines, boring machines, and milling machines remains quite small throughout time due
not only to the appearance of new lines of greater technology, but also to the process  of
international specialization and the opening up of import.

A repercussion of the new growth model adhered to by this sector can be seen in the
notable importance assumed by NC machinery in the total production of machine tools, as
we will attempt to analyse in the following paragraph.

3.2 The NC machinery production

The technology needed to manufacture NC machines was obtained by means of certain
forms of imitative innovation. In 1952 in the United States MIT developed the NC technology
that was learned by the Japanese industry (by Fujitsu) only in 1956 and sold the following
year when the first NC milling machine was presented at the Osaka Trade Fair.

The impact of new technology on the market was immediate.
The share of NC machines with respect to total production rose from 8% in 1970 to

50% in 1980 to 76% in 1990 (see graph 3). On an international level the content of Japanese
NC production was the largest [Calabrese 1990]. The growth of NC  with respect to total
production very accurately reflects the application of innovations in microelectronics, as
shown in table 2.
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As regards the evolution of each product line (table 3) the machining centers are
considered  complete NC technology; the EDM (electrical discharge machine) are the most
important components of NC technology (they exceed 90%); whereas lathes have a  higher
than average NC content which reached 91% in 1990  [3] .

In this case as well, during this decade machining centers are surpassing lathes, as far
as their greater weight among NC machinery is concerned (table 4).

The degree of specialization in NC technology of each segment can be singled out, also
from the relationship between the weight of the NC product with respect to the total of NC
machines and the weight of the entire family of machines (NC + conventional) with respect
to the total machine tools sector: a ratio greater than one indicates a specialization of the
segment in the NC context, and that is to say a greater presence in the NC technology, with
respect to the importance detained by the segment as a whole. In brief, it is a matter of
comparing the percentages of table 4 (numerator) to those of table 1 (denominator). The
lathes have a share of NC technology which is 30% greater than the share they have of
metalworking machine tools, while machining centers’ share is 60% greater; to the contrary,
drilling machines and grinding machines’ shares are 40% and 80% lesser respectively (table
5).

The evolution of NC production with respect to that of the total of metalworking
machinery, can be explained mainly by the rapid technological changes of the last decades,
and even more so if we consider the quotas of NC in the different product segments. As we
have seen in the previous chapter, the Japanese firms were initially users of this new
technology (led by U.S. industry), and subsequently promoters of product and process
innovations (whose great international success they fostered).

A more detailed exposition of the development of NC technology in Japan can be seen
in table 6; comparing this list of innovations with the evolution of production it is clear that
the increased importance  and pervasiveness of  microelectronic innovation correspondingly
increased the content of NC in production (see graph 3 also).

Technological progress fostered by microelectronics was surprising considering that
the first NC machine produced in the United States used thousands of valves and large
magnetic tapes. Particularly useful was software evolution in connection to NC machines,
which currently is perhaps the most critical element for the implementation of an automatic
factory.

According to Jacobsson [ 1986 ], the winning strategy adopted by Japanese NC
manufacturers gave preference to the production of small, low cost lathes with simple
functions at the beginning of the 70s in order to stimulate the latent demand of national and
foreign SMEs.

This strategy differed from that of the typical American builders (and partly from
European builders as well), who generally produced large machines designed to satisfy the
needs of big users. The consequential broadening of the market  allowed the Japanese firms
to increase their production volume and reduce unit costs. Among the statistical evidence,

[3] The data relative to Japanese production and export should be integrated with the activities of transplants
abroad, and no longer formally Japanese. The commerce of foreign branches gradually took on larger
proportion due to the considerable importance acquired by foreign direct investments aimed to overcome the
protectionist laws.
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that tend to prove such a theory, is the smaller unitary weight of Japanese lathes with respect
to that of the lathes of international competitors, or the use of lower powered motors. Both
these factors, along with the price variable, explain the different area of the market toward
which the Japanese manufacturers of NC lathes initially directed themselves.

All in all, the results obtained by the Japanese industry in the dominion of NC
technology are extraordinary: in 1975 the three areas of the Triad  produced more or less the
same number of NC lathes, 1359 in Japan, 1535 in the EEC and 1640 in the USA, whereas
ten years later Japan produced 16,555 units, the EEC produced 4,818 and the USA only
1,524. Moreover, by calculating the market share of Japanese exports, the following
evolution can be seen: out of every 2 NC lathes bought in the world today approximately 1
is of Japanese make [Jacobsson 1986 ].

4. The role of foreign trade in the development of the industry

The evolution of foreign trade of Japanese machine tools can be schematically divided
into homogeneous periods.

Until World War II imports were determinant in satisfying domestic demand, especially
in the field of high technology. In the 50s the slump in imports is actually the effect of extreme
stagnation of the sector, which showed a recovery of demand  only in the beginning of the
60s. Consequently, in the first half of the 60s there was a real boom of imports in absolute
terms, even though the imports/domestic demand ratio decreased with respect to the
previous levels (from 50% it went to 30%).

In the second half of the 60s the flow of machinery exports became significant, but still
did not offset the amount of imports. This flow is characterized by machines of low
technological content, that win world competition on account of their low prices (assisted
by an accommodating exchange rate policy) and  are directed especially toward the U.S.
market.

At the end of the 60s and the beginning of the 70s there is another import boom,
favoured by the further development of domestic consumption and by the need to stimulate
the technological evolution of national producers. International division of labour obliged the
Japanese industry to use machines that were more precise and productive: this requirement
was satisfied mostly by imports.

Only during the first years of the 70s did the trade balance of the sector become positive.
From that moment on the flow of exports prevailed structurally over the flow of imports and
became a determinant of the sector’s  development. In this period, the devaluation of the
dollar, following the declaration of its inconvertibility in 1971, forced Japanese exporters to
diversify their outlet markets, previously concentrated in America.

Toward the end of the 70s the propensity of Japanese manufacturers to export became
increasingly consolidated: the exports/production ratio reached 40% in 1980 and 43% in
1987, while the imports/domestic demand ratio fell  to below 10%, with a 5% low in 1984
(see tables 7 and 8).

Production and exports were favoured by the massive process of industrial reorganization
which in the industrialized countries was activated to react to the first oil shock, and later to
the second as well (see table 9).
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However, as shown in section 2 the large world demand for rationalization investments
in the beginning of the 80s could only be exploited by exporters  with the contemporaneous
presence of numerous other conditions - besides the high technology of the products and an
aggressive trade policy, Japanese industry was also fostered by a monetary and exchange rate
policy that did not hinder expansion abroad. Sometimes these macroeconomic variables,
exogenous to company policies,  had effects that were much greater than the managerial tools
available to entrepreneurs.

4.1 The export of machine tools: geographic and product breakdown

The areas of greater interest for Japanese exports can be clearly deduced from table
10. It is particularly useful to underline the different growth cycles of the European and U.S.
markets.

In the European market, notwithstanding the revaluation of the yen, the importance
of this area increases, whether we use the absolute data  or the relative shares.

Still in reference to Europe, throughout time each European country become increasingly
important for Japanese exports, with the exception of the United Kingdom, where model of
commercial penetration of Japanese manufactures hinged on the direct investments and
agreements, rather than on the export of finished products [4]. In the rest of the EEC the
German market prevailed and took  in over 8% of the exports of 1988, while Italy, though
going from 0.4% to 1.7%, remained a marginal market.

As regards the flow of exportations directed toward the U.S.A., table 10 points out that
the importance of the market varies exactly in correspondence with the devaluation/
revaluation cycle of the yen with respect to the dollar and that this assonance of direction
indicates the flexibility of the Japanese exporters in directing themselves toward new markets
that are not subject to losses in price competitiveness. The decrease in exports in quantitative
terms reflects the difficulties encountered by exporters because of the loss of price
competitiveness and the making of voluntary agreements of quota restrictions (VRA). From
this point of view, the export data are invalidated by the weight of direct productive
investments, as well as by the weight of manufacturing agreements with local firms.

There are some notable differences  between the exports of the two large sub-
aggregates of metalforming and metalcutting machinery (tables 11 and 12).

Metalworking machines reach absolute levels that are three times higher than the levels
of metalforming machines, a clear indicator of the international division of labour [Calabrese
1990]. Also the geographic distribution of the markets is very different: in 1988 the United
States makes up approximately 35% of the market in both areas, whereas Europe covers 28%
of the exports of metalworking machinery and only 10% of metalforming machinery, which
indicates the greater competitiveness of European countries in this segment. Moreover, one
must remember that the weight of non-industrialized countries is different, with nearly 60%
in metalworking machines and only about 45%  in metalforming machines.

[4] It is noteworthy that the technological evolution of the EDM was certainly favoured by their position on
the frontier of metalworking machinery: in fact industrial statistics place this kind of machinery in the
category of “non-conventional machines”.
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Within different product lines the importance of lathes (nearly one-fourth of total
exports) is worth emphasizing, as is their particular distribution per outlet market. Their
exports are concentrated in industrialized countries with the prevalence of the U.S. with
respect to Europe till 1989  (viceversa in 1990)  [see table 13].  Regarding the  machining
centers we find the same areas: a reduction in the U.S. market while exports to the EEC
increase in absolute and relative terms (table 14).

The export/production ratio has already been singled out in table 7. As can be seen, the
point of maximum importance for the international market was reached in 1987 with the
exportation of 43% of production.

Within each product line the general trend is more or less followed, but with a different
degree of orientation. Lathes, drilling machines, boring machines and machining centers have
values which are much higher than average.

In comparing the importance of each segment within exportation, with the importance
of the total production, a form of export specialization can be observed. Lathes, grinding
machines, and drilling machines are extremely important in exportation structure, much more
so than in the production structure (see table 15).

4.2 The NC machinery exports

As shown in table 16, the content of NC machines in exportation is high: the average
of the 80s was 72%, with a growing trend (82% in 1990). Within product lines lathes have
a high coverage, averaging 90% Also within NC exportation, lathes and machining centers
have the lion’s share - together they make up almost 70% of total exports.

Nevertheless, if we compare these shares with their importance within national NC
production, various degrees of export specialization stand out (the ratio between the
importance of each NC segment within both NC exportation and NC production): note, in
fact, how much the specialization of international commerce fosters the exportation of NC
milling machines, grinding machines, and drilling machines (see table 17).

It is interesting to point out in table 18 that the degree of orientation toward the
exportation of each NC product segment is over 40% for the total of NC machinery, with
peaks higher than  average for drilling machines (79%) and lathes (55%).

The analysis per outlet market was carried out only on NC lathes and machining
centers, because they are the most representative lines  of NC (see tables 19 and 20).

Both lines are very concentrated in the U.S. and European markets. Within the latter,
the role of Belgium stands out as a “port of entry” for machining centers that, fictitiously,
have quotas of importance almost equivalent to those of Germany.

Exportation “directed” toward Italy is minimal but has been sharply increasing in the
past few years.

4.3 The structure and evolution of imports

The degree of penetration of imports [imports/ (production - exports + imports)] of
machine tools in Japan tends to decrease gradually as international success in the sector
becomes more solid. Starting from 18% in 1968 we observe a drop to 5% in 1984, which
rises again to 7% in 1990 (table 8).
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As regards each segment, this penetration does not exist for machining centers, and is
minimal for lathes (3% in 1990) but significant for grinding machines (15%).  Within
importation a decisive role is played by grinding machines, which represent  over one-fourth
of total imports  and point to a clear despecialization  of the country in that segment (table
21). It is notable that mostly non-NC machinery was imported, though the NC content of total
imports grew from 19% in 1982 to 43% in 1990 (table 22).

The analysis of country/product distribution shows the importance of European
exporters of grinding machines, gear cutting machines, and lathes even if absolute values are
very low.

As regards NC machines, the exiguity of import penetration is very clear: in 1990 only
5% of domestic demand  [NC importation / ( NC production - NC exports + NC imports)]
was covered by foreign production, a figure which is however increasing with respect to the
1.9% in 1984 (see table 23).

The share of NC content in imports is quite low and equivalent to about half the
corresponding quota of national production (table 24). This could confirm the international
division of labour in the sector: Japan produces machinery with a high NC content and
imports machinery with a low NC content, in which some LDCs are specialized.

A partial confirmation of this can be seen in table 25 in which a strong demand for
grinding machines and gear cutting machines - an area of low NC content in Japanese
production - stands out.

5. Strategy and structure of the major industrial groups

According to the statistics of “American Machinist”, the Japanese industry is the main
manufacturer and user of machine tools in the world [AM February 1991], with 10.8 billion
dollars of production and 7.5 billion dollars of apparent consumption (production plus
imports minus exports). From the aggregated data on the macro-sector we can go into detail
regarding the company statistics in order to find further confirmation of the primary role
played by big manufacturers. It is an important role, not so much from a quantitative point
of view, but a qualitative one, due to the technological development incorporated in
production of big industrial groups.

5.1 Size and structure of the groups

From the statistics on industrial groups, the importance of size of the Japanese
company stood out: there are 11 giants in the list of the first 20 manufacturers in the world.
The same kind of dominance is seen when we consider the list of the first 50 manufacturers:
25 of them are Japanese. On the contrary, on the list of the first 100 there are only 34 Japanese
companies. This indicates a first typicalness of the Japanese system: the large size of the
companies with respect to the average of world competitors.

Aspects of size can be seen in more detail in table 26. The Amada group contends with
the Yamazaki Mazak for sectorial leadership: in 1990 Amada was first place, with 2,500
employees and a turnover of 1,200 million dollars, while Yamazaki Mazak followed with a
1,150 million dollar turnover and 3,500 employees.
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In third place is the Fanuc group, with a turnover of 1,100 million dollars, followed by
the Okuma Machinery Works group with a turnover of 739 million dollars in 1990.

In fifth place, the first non-Japanese group, is the U.S. group Litton Industries,
followed by the Mori Seiki group (with a 661 million dollar turnover in 1990).

There are also numerous minor groups, which in the world context add up to a
significant presence. Among these minor groups are the Komatsu group, with turnover in
machine tools of 471 million dollars in 1990, the Toyoda Machine Works group (with a
turnover of 464 million dollars) which belongs to the automobile group Toyoda Group, the
Fuji Machine Manufacturing (with a total  turnover of 436 million dollars), the Toshiba
Machine group (which, with a turnover of 374 million dollars, has evidently recovered from
the fall of sales in 1987 that occurred as a consequence of the well-known scandal in which
they sold Cocom-banned five axis machines to the USSR), the Hitachi Seiki group (with a
turnover of 365 million dollars).

The structure of these groups is very complex both in the way of company organization
and product diversification. To cite an example, the Amada group is made up of some forty
corporations dispersed all over the world. Among them the major corporations of the
Japanese market are Amada Sonoike (metalforming machinery), Amada Wasino (lathers,
grinding and other NC machinery), Amada Metrecs (control and automation systems,
accessories), Amtec (software and OA systems).

As will be illustrated in the following paragraph, the complex domestic organization
sometimes corresponds to a parallel complexity of international activity.

5.2 The process of internationalization  of production

The location of plants abroad proves to be an extremely important strategic factor in
getting around the protectionist laws of some countries.

As can be seen in table 27, there is a very large number of Japanese plants in the U.S.
and Europe. Sometimes they are greenfield plants, other times acquisitions of local firms, and
finally the option of joint-ventures or agreements is always a possibility.

For example, Amada owns manufacturing units in Germany (where it purchased the
Promecam Maschinen), in France (where it purchased the Promecam Sisson Lehmann), in
Austria (where its commercial subsidiary became a factory in 1986 in the segment of bandsaw
blades, punches, and dies form press brakes) and in Italy (automated equipment in a equity
agreement with Prima Industrie; presses in a joint venture with Schiavi). Amada’s strategy
of production decentralization becomes complete when we consider the production of their
subsidiary in Taiwan (CNC turret punch presses for the Taiwanese market).

The complexity of the above example is repeated in numerous other groups. It is
particularly interesting to note the greater or lesser concentration of factories that carry out
domestic production activities or foreign production activities.

For example, the Fanuc group has added to its 5 factories in  Japan a U.S. factory (which
has been operating since 1974 and has exported all over the world since 1981) and an English
factory (which has been producing since 1987 and has been exporting, to Japan as well, since
1988). The importance of the European structure, which has its general headquarters in
Brussels and subsidiaries in the principal countries of Europe, is evident from the high number
of people (over 600) it employs.
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Especially the manufacturing presence of the Fanuc group in foreign areas was made possible
through agreements and joint-ventures: their agreement with Siemens, joint-ventures with
General Electric (GE Fanuc) and Cincinnati Milacron; a former joint venture with General
Motors (GM Fanuc) is now a 100% controlled branch. As regards the company GE Fanuc,
it is noteworthy that its growth in 1989-90 induced management to extend its productive
plants in Europe, located in Germany and Luxembourg. Simultaneously GE Fanuc developed
some commercial joint-ventures with European companies, among which the Italian one with
Biglia in the segment of CNC lathes. In 1990 Fanuc  intensified its productive presence on
U.S. territory with the purchase of 40% of Moore Special Tool, which has 400 employees
in the manufacture of jig-grinders and other high-precision machine tools [AM April 1991].

Another very significant example of the internationalization of production is that of
Komatsu. Besides owning productive plants in Brazil, Indonesia, the U.S.A. and the U.K.,
in 1991 Komatsu started a joint-venture with Danly Machine, a U.S. company that
manufactures presses. The new company, Danly-Komatsu will design and produce medium-
and large-sized presses for the U.S. market. In this joint-venture Komatsu holds 30% of the
shares (while Danly holds 70%) and it will allow Komatsu to expand its range of presses, from
small to large (over 800 tons) [AM August 1991].

Other examples can be seen in table 27, like the Toyoda group, that owns productive
plants not only in Japan but in France and the U.S.A., or the Hitachi Seiki group that owns
a factory in the U.S.A. (along side which another is being purchased).

Nonetheless, in spite of this intense international activity, many groups continue to
maintain their real manufacturing core in Japan. As regards the Fanuc group, besides the
factories of the manufacturing joint-ventures in the U.S. and Europe, all the other production
activities are concentrated in Japan. In the Mori Seiki case as well the subsidiaries abroad are
commercial but not productive, and production is concentrated in three Japanese plants,
which are highly automated. This strategy was intensified in 1990 with the purchase of the
controlling share of the Japanese company, OKK (236 million dollar turnover).

Other examples are the production of Fuji, concentrated in Japan, even though in 1989
it constituted a service center in the United States.

The strategy followed by the large groups for international decentralization deeply
influenced  company organization and company export/turnover ratio. In fact, the more a
group is internationalized, the lower that ratio is: Amada’s ratio is 10%, Okuma’s (with  only
one factory abroad) is 30%, Mori’s Seiki and Fuji (totally concentrated in Japan) is 50% and
52% respectively.

For this reason, it would be interesting to examine the company data relative to the
portion of turnover produced abroad, rather than  merely export data.

5.3 Product diversification

The production range of the Japanese groups is extremely vast and tends to expand on
account of the large number of international agreements. The productive disaggregation of
the Amada group can, on the whole, be summarized as follows: punch press machines make
up 40% of turnover, sheet metalworking machines 30%,  and band saw machines 20%. By
examining product disaggregation we can also infer the role played by technology. In fact,
in some groups the product range is shifting toward high tech products: Yamazaki Mazak
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produces only FMS, CIM, NC robots, CAD/CAM,  laser machines, machining centers; in
the case Fanuc, NC machines generate 77% of total turnover.

In other cases diversification is not high, but limited to a few families of products: in
the Mori Seiki group the NC lathes cover nearly 60% of turnover and machining centers about
40%.

Besides internal diversification, among the different segments of machine tools, the
large Japanese groups are very diversified externally as well, and among businesses that are
distant from one another (as in the Komatsu’s case).

There are also many manufacturers that belong to larger corporations, like Toyoda,
Hitachi, Fuji, Toshiba. In these cases the machine tool company sometimes has the same
market as the corporation (captive, as in the automobile segment), and sometimes the same
technology (as in the electronics segment).

In any case, the degree of diversification outside the machine tool segment allows some
groups to absorb periods of recession within their group.

The aggregate of the 10 major groups of instrumental mechanics diversified over
various segments is shown in table 28. It is remarkable how rapid management was in  taking
advantage of the opportunities offered by the market in the two-year period of 1985-86, and
in responding very quickly to the difficulties of the two-year period of 1986-87. In fact the
weight of the production of machine tools went from 64% in 1984 to 73% in 1987, and fell
to 43% in 1988.

Besides the product diversification  it is interesting to examine the degree of vertical
integration  of the companies.

In most cases the companies are very integrated: their organization pushes on from
R&D and planning to production and after sales services. However, direct contacts with
customers, offering technical assistance and plant maintenance, allow a company to act with
a truly comprehensive strategy, both regarding product range and market outlets. For
example, Amada has established a special company, the Amada’s Overseas Network, for this
purpose.

To the contrary, some groups only concentrate on few phases of the production filière.
A significant case is that of Okuma Machinery Works, which manufactures NC machinery,
that is, however, sold through an agreement with Amada.

6. The technological change in the main industrial groups

The production of innovation inside large Japanese groups is substantial and besides
being carried out inside the groups with a very high expense of resources (see table 26), it
is conducted on an international level with R&D centers located abroad or through
international technology agreements. For example, the Amada group has reached the world
technological frontiers by using both outside R&D - in the U.S.A. with Amada Laser and
Amada Engineering, and in Europe with Prima Industrie (an Italian firm with 49% controlled
by Amada) - and inside R&D, with technological centers at Amada Headquarters and
separate technological departments distributed according to the different markets.

The strategy of the Yamazaki Mazak group has concentrated its R&D function in the
gigantic laboratory in the city of science of Tsukuba (Tokyo), while the contact between
R&D and market is ensured by 63 technical centers, of which 34 are in Japan and 29 abroad.
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R&D activity, aimed at controlling technological change, notably influences  company
strategies [Kodama 1986].

Among the numerous cases of interdependence between innovation and company’s
growth model we can recall the strategy followed by FANUC in developing NC technology.

Ever since the first prototypes of NC machinery were made, FANUC management
always gave a great deal of importance to  controlling peak technology and organizational
innovation (aimed at completely exploiting all the potential of new technology).

As regards the first point, one notices how the choice of avant-garde technology have
been necessary conditions for company development. For example, only with the immediate
replacement of electro-hydraulic pulse motors with DC servo motors could all the economic
potential  supplied by the new paradigm of microelectronics be subsequently exploited
[MEM July 1987]. The replacement of thermoionic valves with transistors as well further
confirms  the need for sudden changes in technology used, which may impose abrupt turns
in the path followed by  the technological pattern of the company (“We did a 180-degree
turnaround”, MEM July 1987, pg. 29).

In the meantime, the company’s organization  was aimed at the maximization of the
benefits that technological evolution provided.

On the one hand, containment of the “break-even point”  seems important: the cost of
labour at 7% of total costs and an organization  capable of producing even on night shifts
allow for a high degree of output flexibility.

On the other hand, it is the same “Japanese model” that promotes success: firm’s size
(internal economies) and adequate infrastructures (external economies), but also networks
of companies, sub-contracting [FNAM 1989], just-in-time production seem to be the main
factors determining high competitiveness [Aoki 1990].

If we add the dominion of technology [Anderson 1986], in the Fanuc case with the
R&D costs at 5% of costs (10% including the salaries spent in research activities), the mixture
is pleasantly explosive.

The evolution of technology control, currently a towing factor of Japanese development,
comes about with reference to international interdependencies.

In fact, due to the use of joint-ventures and agreements with the main international
companies the big Japanese groups exploit the opportunity of international technological
development, positioning themselves, at the same time, in several different technological
areas. Such a dynamic strategy allows them to gather all the external technological economies
from the different “technological windows” located all over the world.

7. The external growth in the major industrial groups

The strategic growth of Japanese groups moves with a balance between initiatives for
external growth (acquisitions, joint-ventures and agreements) and initiatives for internal
growth (the establishment of new branches and new factories). The same balance is seen in
the case of the international growth and in the domestic one.

We shall present some significant, though not exhaustive, examples of this phenomenon
(see table 29).

The large Japanese groups carry out acquisition campaigns, both nationally and
internationally, when they are in a hurry to attain a technological, commercial or manufacturing
target.
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When the external growth’s object on an international level is manufacturing
protectionistic barriers (actual or potential) can be overcome in some markets: Amada in
Germany purchased the Promecam Maschinen and in France the Promecam Sisson Lehman,
in 1990 Fanuc bought 40% of the U.S. company, Moore Special Tool. There are also
numerous commercial initiatives, as in the Fanuc case, which - through GE Fanuc - developed
joint-ventures with European companies, among which we cite the one with the Italian
company, Biglia, in the segment of CNC lathes, or the case of Hitachi Seiki which in 1988
bought an English trading company, Terex Berger (today Hitachi Seiki UK).

On a national level groups tend to reinforce their position in the domestic oligopoly:
in 1990 Mori Seiki became the leading shareholder of OKK, a Japanese company with a
turnover of 236 million dollars.

When the acquisition solution is not totally advantageous or when it is not possible,
since Japanese groups usually do not do hostile take-overs, an agreement is preferred (equity
or non-equity): market factors have made Amada choose the equity agreement solution to
acquire the technology (and the market) of Prima Industrie; the characteristics of the partners
stimulated Fanuc to make agreements with Siemens, General Electric (the GE Fanuc joint-
venture), General Motors (the GM Fanuc joint-venture) and Cincinnati Milacron. The
characteristics of the internationalization strategy followed by Komatsu allowed it to expand
its product range and penetrate the U.S. market in 1991 as a result of a joint-venture with
Danly.

The dynamic of expansion abroad is also developed through agreements with national
partners, like in the case of the Okuma Machinery Works group which owns a manufacturing
plant located in the United States, but it sells its NC machinery as the result of an agreement
with Amada.

Besides agreements to expand market shares abroad, many manufacturers seek out
new international partners to extend their own influence on the domestic market, thus
emphasizing the high degree of domestic competition. There are numerous cases: the
agreement in 1991 between Komatsu and the Italian company, Comau, with which the
Japanese group will be able to sell and install the robots manufactured by Comau specifically
for the press lines for the automobile market; the agreement in 1986 between Hamai and
Novar, in which Hamai would use the technology of the Italian company, Novar, to
manufacture and sell milling machines in Asia (but not in the United States or Europe); the
agreement of 1989 between Matsushita and Asea Brown Boveri in the segment of automatic
factories which permits Matsushita, through its subsidiary Matsushita Electric Industrial, to
use and sell the robots of ABB Robotics on the Japanese market; the agreement between
Fujitsu and McDonnel Douglas of 1991 that allows the Japanese group to sell McDonnel’s
production system for the manufacture of dies and matrixes in Japan; the agreement in 1989
between Conic-Sha and the Italian company, Salvagnini, in the segment of flexible sheet
working machines started out as an agreement in which Conic-Sha distributes the Italian
systems all over Japan and evolved into a manufacturing joint-venture which allows Conic-
Sha to produce these flexible systems directly in Japan.

On the contrary, strategies of internal growth on an international level arise from
particular company needs or from the exploitation of internal competitive advantages: the
positive external effects in the form of government benefits for the construction of a factory
in the United Kingdom offered to Yamazaki Mazak (5.2 million sterling pounds to build a
plant in Worchester that employs 180 people and can produce up to 1,000 lathes and
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machining centers per year); or the lack of suitable partners to make agreements with, like
in the case of Komatsu, which opened manufacturing plants in Brazil and Indonesia; or the
opportunity that greenfield investments provide for building a plant according to the most
modern production needs, like in the cases of the Toyoda Machine Works in France and the
USA, or Hitachi Seiki in the USA.

Such strategies have allowed Japanese groups to be present abroad with very
significative structures, both directly (the European organization of the Yamazaki Mazak has
its headquarters in Brussels and has a total of 650 employees) and indirectly through its
partners (Fanuc through GE Fanuc, expanded its productive plants in Germany and
Luxembourg).

As can be deduced from the analysis of the above-mentioned cases, the strategy of
foreign market penetration  through joint-ventures and agreements becomes increasingly
important in reference to the U.S. market. In this market the existence of voluntary
restrictions on exportation (VRA) since 1987 has compelled Japanese companies to redefine
the commercial instruments available to them: as soon as the voluntary restrictions were
further tightened from 6,200 units (2,600 lathes and 3,600 machining centers) in 1987 to
5,000 units in 1988  and 6,100 in 1989, their direct presence within the country, whether
independently or in joint-ventures, made it possible to get around, or at least to limit, the
negative effects of these quota restrictions [MEM May 1987 and 1988]. It is noteworth to
add that VRA between U.S. and Japan has been updated in 1992 with more rigid clauses [5].

The penetration into the European market as well is significatively carried out through
commercial subsidiaries and manufacturing plants. In this regard, we should bear in mind that
there are not yet any quota restrictions on Japanese imports, but only a “monitoring”
operation by the EEC Commission: if penetration increases significantly, it will be necessary
to resort to self-regulating agreements - and in that case companies with European productive
plants will have a competitive advantage.

At this point it should be emphasized how the strategy of external growth of each
company is basically different from case to case, and therefore it is very difficult to create
company stereotypes. A detailed analysis for each case-study would be needed to do so, as
we tried to do in the Fanuc case.

Fanuc’s strategy of external growth is aimed, above all, at expanding product range
by using agreements with companies positioned in markets and segments in which Fanuc is
not a leader. In these segments the agreement is generally  for technology and marketing
purposes.  Among the latter, the aim of increasing market share and getting around
protectionist barriers is the most important. In order to overcome the difficulties that each
partnership presents, it is necessary to adapt the organizational structure to the characteristics
of each partnership, in order to increase the probability of success. This intention is confirmed
by the fact that among the causes of greater costs imposed by the partnership,  precisely
company reorganization takes first place.

[5] The new VRA is focused on high technological products divided into two big groups. The first one, CNC
lathes, machining centers and CNC punching and shearing machines, requires an approval for each export
operation from Japanese government (“licensed items”). The second one, CNC milling machines, is to be
monitored in volume by both U.S. and Japanese governments. In both groups, in 1992 VRA is going to
maintain the same market share of the previous year, in 1993 to increase between 0.3 and 2.8 the 1992 export
volume [MEM 1992].
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8. Other characteristics of the machine  tool industry

The firm’s size structure of the Japanese machine tool industry reveals a large portion
of big companies: the firm’s size average of the 113 enterprises associated with the JMTBA
is  304 employees per company, even if among the associates 70% has less than 300
employees (and the largest has 2,300 employees) [JETRO 1991]. From table 30 we can infer
the high percentage of employees belonging to firms over 500 employees: roughly one third
of the total.

Comparing these data with corresponding world data [EEC 1990] we discover, on an
average, that big companies are more prevalent in Japan than in other parts of the world,
especially more than in Italy, which is characterized by a SME structure. To the contrary, the
comments from the Japanese affirm that “this industry mostly consists of medium-and-small-
scale enterprises” [JETRO p. 1].

As is easily guessed, the large size of Japanese companies is reached at the group’s level
through a consistent network of relationship among SMEs. This kind of organization has
given them synergies and facilities that are not attainable by most of their world competitors,
especially the European ones.

Also regional distribution of the plants has, in a certain sense, favoured Japanese
industry. In fact the machine tool industry is spread out over almost all the Japanese regions,
though there is a higher concentration in the central regions. In particular the prefecture of
Aichi, one of the prefectures in Japan’s Chubu region, is among the major producers and end-
users of machine tools and industrial automation. This is determined by the presence of end-
users of the machinery and automobiles [MEM September 1991].

The implications of this kind of distribution are positive if compared with problems
concerning the regional distribution of industrialisation that many competitor countries have,
among which Germany (with the “eastern” Lander at a disadvantage with respect to the
“western” ones), the United Kingdom (with the North more developed than the South), and
Italy (with the long-standing “problem of the South”).

As was seen earlier, (see section 6), the main barriers to entering the sector are
essentially technological, but also commercial. These barriers have moulded the Japanese
industrial system on a large-scale, in the attempt to exploit technical and financial economies
of scale. In fact, only with the investment of substantial capital in large automated plants will
the economic flows needed to overcome technological and commercial barriers, erected to
defend the sector, be obtained. Therefore investments are needed to produce high tech
machines at prices that beat the competition.

At this point of the analysis it is worthwhile focusing on the role and characteristics of
the commercial barriers.

Commercial barriers are generated by the need to use a distribution network that has
close ties with the end-users and supplies adequate after sales service.

Graph 4 indicates this kind of structure in which the producer-user relationship may
be direct or mediate. In actual fact, the disaggregation of deliveries according to typology
of the commercial structure indicates that the configuration in which a dealer is present,
generally a special exclusive dealer, prevails (70% of total deliveries). To the contrary, the
use of trading firms occurs in 15% of the cases and the use of sole agents in 13% of the cases
(see table 31).
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The winning distribution structure is therefore quite difficult to realise, unless
enormous fixed investments are made. This is another element, again in favour of Japanese
firms and detrimental to competitors. In fact the low degree of penetration into the Japanese
market by imports from OECD countries is ascribable - in the 90s - above all to the need to
adapt  sales and service networks to the high standards offered by local manufacturers.
Generally, when such adaptation is not possible, foreign competitors are caught of guard by
the excellent organization of domestic manufacturers and they try to compensate for it with
enterprises of the sector equipped with a sales network.

Other elements of the sector structure are favourable to the victory of Japanese
competitors abroad.

For example it is noteworthy that even if in the Japanese industry there are many family
enterprises, mostly of them are important, like Yamazaki Mazak and Miyano, or belonging
to large industrial groups, of which they are subsidiaries. In both cases the firms can exploit
all the economies of scale and scope.

We can distinguish the following categories of firms in more detail:
- the conglomerate groups, in which the machine tool segment is one of the several

businesses (eg. Sanjo, O-M, Osaka Kiko);
- companies that manufacture only components or parts, sometimes only for specific

sectors (eg. Toshiba Tungaloy, Mitsui, Asahi Diamond Industrial, OSG, etc.)
- subsidiaries of electric and electronic component manufacturers (eg. Fanuc, Hitachi

Seiko, Mitsubishi Electric, Toshiba, Osaka Diamond Industrial, etc.).
The advantages are particularly evident for the last two types of firms: R&D synergies

allow to exploit in the machine tool sector some technologies coming from other sectors;
captive markets that make it possible to test a product and improve it before distributing it
widely; resource backup (not only in the sense of providing financial support, but also in terms
of engineering skills) are necessary in order to overcome all the barriers to entry.

9. Conclusions

The results of our survey show that the basic features of the Japanese machine-tool
industry as well as  the strategies of the companies involved underwent a process of deep
transformation during the last decades.

The sector’s strengthening in the national market is the outcome of a  careful
protectionist policy introducing tariff walls for the sake of national products in a wider
context of medium-long term growth. On the other hand, the weakness of Japanese industry
just after World War II would  not have made it possible for Japanese entrepreneurs to face
international competitors with  some reasonable chance of success. This situation led to
protectionist barriers and  an industrial policy supporting new investments. As previously
described, the main tools adopted were the allocation of financing at incentive rates aimed
at restructuring old plants, the supervision and coordination of MITI in the industrial
development policy focussed on encouraging agreements and cooperation between national
companies and against foreign competitors, the promotion of R&D activities at a national
level and in cooperation between companies (including foreign companies) for the purpose
of internal production, acquisition of technologies from foreign countries and their diffusion
over the whole  filière  of tool machines (and therefore both to upstream sections of small
component manufacturers and to downstream sections of machine endusers).



- 21 -

Ceris-CNR , W.P. N° 2/1993

In the seventies, a remarkable growth in terms of quality (in the sixties, Japanese
products were considered rather unreliable) and of quantity (as shown by reported statistical
data) was the reward to a successful development policy and enabled the sector’s operators
to stand up to international competition with their own market specialization: the use of new
technological paths (from micro-electronics to informatics) allows Japanese firms to
specialize in numerical controlled machines addressed to the “mass market” rather then to
the restricted big users’ market.  Low sale price is  the key to Japanese expansion in the world
market (basically oriented to the fulfilment of the latent demand of small users) and to the
application of new technologies to small and medium-sized machinery.

The establishment of new commercial and financial relationships among primary world
areas  in the eighties - and the consequent development in the exchange ratios of Yen, US$
and ECU - largely affected the strategical position of Japanese firms in  world markets, and
in particular the internationalization process  and the control of the technological variable.
The closing to international trade in the sixties  developed into a completely different attitude
in the seventies - when tariff walls were abrogated and exports largerly expanded - and finally
came to  production relocation in the eighties. Throughout the eighties, the relocation of
Japanese production abroad is justified on one hand by  demand expansion (the need to
penetrate further into the US market, while facing a continuous revaluation of the Yen in
terms of the dollar, requires  production itself to be relocated within the US market) and the
need to control production costs on the other hand (the relocation of production plants to
south east Asian countries). In both cases, the growth strategies of Japanese firms are
changing since observation and competition are no longer performed within the domestic
market but at a worldwide level. As far as the technological factor is concerned, it is
worthwhile noting the increased attention paid to R&D. In the sixties, the approach to R&D
was basically imitative and functional to  medium-long term technological development. As
a matter of fact, the profits made as a result of protectionism were invested into R&D projects
aimed to the development and improvement of technologies acquired abroad (mainly from
the US market). Such  improvements, which took place in the seventies, enabled the
independent development of new branches of research, thanks to the cooperation between
different companies and with public and private R&D institutions. The outcome of internal
R&D became tangible in the eighties when international competition started to acknowledge
the innovative content of Japanese machinery (however, the strength of Japanese products
could no longer rely on low prices since this variable is difficult to control by the companies).

Internationalization process and production technological development had a
considerable impact on the  main structural features of the sector.  An example is the
production specialization in the international division of labour: the quota of numerically
controlled machines is structurally growing when we move our focus from import to export.
While imports mainly concern traditional products with low unit cost, exports mostly involve
hi-tech machines with large profit margins.

During the early nineties, the competitive framework within which Japanese firms are
operating shows no meaningful changes with respect to the eighties - to teh contrary, it
represents a natural evolution.

The revalutation of the Yen, VRA quotas, intense international competition, initial
difficulties in managing national production (the Japanese social context is also quickly
changing and some shortages in the labour market of the manufacturing industry are taking
place), are the main themes of the early nineties.
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Adaptation to the change in the economic context can be  seen in the continuing process
of reorganization of Japanese firms that - on the one hand has favoured the reduction of costs
and the increase of productivity, and on the other hand has at times reduced the importance
of the “domestic” market of the sector and promoted  the development of the large industrial
groups that operate with a “worldwide” strategy.

The oligopolist structure is in fact concentrated on some companies that have global
strategies, are present in foreign countries as manufacturers, and offer a very wide and
diversified product range. A solid company structure makes it possible to withstand heavy
financial losses caused by recession as in the case of these last two years.

We can infer a general characteristic of the Japanese economy from the machine tool
case: mamagement capability marked with the dynamism and flexibility of the manufacturing
factors, in particular the human resources, are the conditions needed to adapt company
structure quickly to important environmental changes.

These environmental changes are sometimes forestalled by the continuous innovative
process which replaces what becomes obsolete in the industrial system: men and means.
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