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COMPARATIVE RESEARCH INTO MARKETABILITY REINFORCEMENT
IN CONVENTIONAL MACHINING CENTER OF CHINA, INDIA, JAPAN,
KOREA AND TAIWAN-MAKES

This paper describes the results of a comparatigearch into the marketing and product strategieghie
conventional MCs of China, India, Japan, Korea Baidvan-makes. In this work, information from contienal
MC manufacturers of these countries is collectedhenspot and with the help of a questionnaire&mniify the
relevant strategies for differentiation. The partargeconsidered are the target customers, dateliokdy, sale
price, features of operability, design attribuiter sales service, motivation to purchase, targaket segment.
Based on these parameters, mind maps are drawndiffeeences in the strategies among Japan, Konela a
Taiwan manufacturers is that although most of tlanufacturers in these countries have employed usd0
design and assembly systems, and strongly relyupplg chain management, still the Korean manufactur
maintain the competitiveness through cheaper gales and shorter delivery time, the Taiwanese rfanturers
focus on current customers through cheap pricingls dd not pay proper attention to business-oriented
enterprise management; while the Japanese manwgectre capable of introducing directly opposttatates

in the product design. The Chinese and Indian naufers produce machines that are cost effectidef@cus
on the inland market. The delivery time is long dmu@bsolete manufacturing facilities and spargapstition.

1. INTRODUCTION

As literally shown, the conventional MC (Machini@gnter) and TC (Turning Center)
can facilitate the versatile machining requirementthe commercial and defense supplies,
resulting in the utmost leading kinds among the hitee toot. On the strength of the wide
availability and with the rapid development of thee variants, MC and TC grow their
importance to a large extent and also extend tie@ilm amazingly. In addition, both MC
and TC can take over the machining work, which basn carried out by the special-
purpose machine tool to a various extent. For g@nmMC can machine the rail crossing
and mechanism housing of the rifle, which were aonfiachined using the rail planer and
machine tool for the ordnance production. In faotrkets of both MC and TC are
worldwide and expand their circumstance almostydaih contrast, the production
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technology for both the kinds becomes very populawv, inducing the difficulty in the
product differentiation. In addition, the manufaetumust produce the conventional MC
and TC by the large volume production with widersatility. In principle, the machine tool
has been produced so far using the small batcisraatl volume manufacturing.

Having in mind such a wide availability of MC an@;Twe must furthermore be aware
of a very near future perspective of these kind®ksns.

Within the variants of MC, that of quinaxial-coritenl type can deal with the turning
operation by facilitating the rotating table. Theriant is called as the “Mill-Turn”.

In the case of TC, a potential successor is of -spimdle type together with having the
function of milling, which can be regarded as aasatrof the “Mill-Turn”.

There have been no obvious definitions for the eatienal MC and TC. Thus, in this
paper, we employ the following definition. The centional MC is of single spindle and
also of less than four-axis controlled type.

The conventional TC is of single spindle type antlhraving the second headstock.

In short, the conventional MC and TC including theiariants become the
representatives within the family of the machinelt@and duly one of the indicators when
carrying out the comparative research into the rivdgonal competitiveness for the
productivity of the nation. More specifically, thproduction technology can create
the wealth of a nation, the machine tool is dulkeanel of the production technology and
the conventional MC is the utmost representativihnefmachine tool.

As can be readily seen, not only the industriat,ddsi0 industrializing nations are very
keen to reinforce the market competitiveness anénioance the utilization technology
of the conventional MC, and thus a facing necessitp grasp correctly what is under way
within each nation in both the production and thkzation of the conventional MC.
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Fig. 1. First-hand view of machine tool industrie#sia (around 2004)

In consideration of such states mentioned abowvs, fhper describes the results
of a comparative research into the marketing amdlymt strategies for the conventional
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MCs of China, India, Japan, Korea and Taiwan-makdsviously, these nations can be
classified into the two groups on the basis of téghnological qualification and market
being merchandized such as shown in Fig. 1. As wediwn, Fig. 1 is in the form
of “Puttick Grid” representation. This format isryesimple, but effective to understand
quickly the corresponding information. In the fomggoup consisting of Japan, Korea and
Taiwan, at issue is to clarify the advantage amsddliantage features for each nation in the
production of the conventional MC, so that the wudlial manufacturer can plan the
desirable market strategy. In contrast, the lajteup consisting of Mainland of China and
India, at issue is how to establish the manufactiraving the strong international
competitiveness.

2. COMPARISON AMONG JAPAN, KOREA AND TAIWAN

With the amazing and rapid technology improvemerd development in both the
Korean and Taiwanese MC manufacturers, a cruciat po the comparative research into
the market strategy is to predict when Korean aaevdnese manufacturers will be able to
catch up the Japanese manufacturer. In consideratiowidely prevailing production
technology for the conventional MC across the whet#ld, we have now such a two-
pronged assertion as follows.

“The Korean and Taiwanese manufacturers will bes abl overcome the Japanese
manufacturer in a very near future, whereas bathkibrean and Taiwanese manufacturers
will not be able to take over the role of the Jags#nmanufacturer in the world market”.

Table 1. Production, export and import volumes

Mil. US$
Brazil China India Japan  Korea  Taiwan
All the kind P(f)?d;ceﬁon 310 na. 85 4,660 1,035 1,299
the kinds volu
of machine tools Export 58 264 9 3,866 324 1,054
Year Import 184 2,075 74 406 672 628
2002 P"]’ducti(’“ na. n.a. 17 1,277 232 465
L. volume
Ic\g:f:rmmg Export 36 4 1 924 87 352
Import 36 362 19 14 61 24
ATl the kit VPZ?S;?OH 697 4,000 226 10,073 1,940 2,640
the kinds /
of machine tools Export 74 657 10 7,395 865 1,984
Year Import 338 4,630 520 975 1,836 1,385
2005 sgfﬂfmn na. na. 68 3,013 538 1,120
(I:gﬁct::rmmg Export 15 13 2 1,861 207 760
Import 76 1,297 145 34 199 36
Al the kind S;‘;S;;i‘ion 1,289 13,960 404 15,567 4372 4,807
€ Kinds 4
of machine tools Export 103 1,456 14 8,463 *1,375 2,965
Year Import 845 5,676 1,040 583 1,037 1,429
2008 ’v’(f)‘]’f]‘;fe“"“ na. na. 32 3,590 *1,134 1,744
xﬁf:rmmg Export 40 98 4 2,884 *333 1,174
Import 210 2,088 320 50 #270 58

Numerical value with *: For the vear 2007
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This paper aims, in part, at the verification of tralidity of the latter assertion, and
duly an underlying hypothesis is in it that botk #orean and Taiwanese manufacturers are
possible, but not capable to overcome the Japaneasefacturer in the production volume
aspect, even when the technological qualificatidnboth the Korean and Taiwanese
manufacturers will be superior to that of Japameaaufacturer in a very near future. A root
cause of difficulties in both the Korean and Taiesa& machine tool industries lie in the
acute shortage of the supply capability of the emtional MC to the world market.

Of note, Table 1 shows the production, export andort volumes of all the kinds
of the machine tool, extremely placing the strassviC of basic type and all the variants.
As can be seen, the production and export volumédapain are much more than those
of Korea and Taiwan, and we can verify the validityhe assertion mentioned above.

Importantly, we can expect a large market in Chimen other countries, and in the
case of MC, we can observe that China is impodraed, whereas Taiwan is export-
oriented. It is furthermore interesting that thegpa and import volumes are in leverage in
the case of Korea. From the statistic aspect, éamlore, we can observe some interesting
facts, but have certain difficulties in understangdiheir causalities. Within this context,
thus, the two questionnaire investigations havenbesried out and the results will be
discussed in the following.
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Fig. 2. Comparison for strategies among leadingdage, Korean and Taiwanese
manufacturers — in case of conventional TC and vidpction
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Figure 2 is a reproduction of the questionnairegtigation around 2004, in which the
strategies of the Japanese, Korean and Taiwaneseufawturers were compared
emphasizing the enterprise management, sales, grasign and manufacture aspects.
Fig. 2 is called as the “Mind Map (Radar Chartyresentation, and as same as the “Pulttick
Grid” representation, very effective to understgunetkly the corresponding information. In
short, we cannot observe the obvious differenceshe strategies among these three
countries from Fig. 2. More specifically, nearly alanufacturers in these three countries
have produced the conventional MC by employing itndouse design and assembly
systems and also by weighing the outsourcing df pachining. In addition, they rely on
the SCM (Supply Chain Management) of world claspunchasing the necessary part and
unit in a large extent. Importantly, to accumulatee technological resources, the
conventional MC manufacturer intends recently tadtat the in-house machining of the
core part.

Intuitively, the Mind Map appears as to be reldiv@mple, and we often face some
necessities to detail the due information. Tablesh®ws such detailed information to
facilitate the understanding of the advantageowsufe for the Japanese manufacturer.
From Table 2, some interesting trends can be obdes follows.

Table 2. Advantageous and disadvantageous fedtucesventional MC and TC of Japanese-make as caadpaith
those of Korean and Taiwanese-makes (around 2004)

Related Information

Determinants

Advantageous Disadvantageous

Abilities for Product
Innovation &

Amazing ability improvement

Very poor in Korean and taiwanese P ; oy
by joining Japanese engineer within Korean and

New Product Design IR Taiwanese manufacturers
When having the model machine, excellent design
Design Ability Supply of technical data, drawing, design ability for its variants

data and concerns for model machine with

By positively using the “Cost-driven Superiority” ,
larger amount of rewards

strong market competitiveness in Asia, BRICS
and Third World

Powerful sales activities of Siemens in
China and India

Sharp inroads of Heidenhain

for Variants

Familiarity, usability and brand
worship of users for Fanuc-make

NC Controller

. Even in Japan, linear guide with higher
Both the Korean and Taiwanese manufacturers P & £

Leading-edge

& Core Parts

( Ball screw, Linear
guide, Servo motor,
NC controller, Rolling
bearing and so on )

rely on the industrial nations even now, and
do not use those of domestic-make
to the export one

Although endeavouring to replace the imported
parts to those of domestic-make, in principle,
there remains the “ Follow-up Structure ” ,

accuracy, nut for rolling bearing and small
chuck available for higher-rotational speed are
imported from Europe

In Korea, those of domestic-make are prevailing
by carrying out technological co-operation with
foreign enterprises

Employment of ball screw of Taiwan-make by
Japanese and Korean manufacturers

Marketability
in Mainland
of China

Strong purchase motivation of user to the
machine of Japan-make, because of its high
quality

Cost-effectiveness of the machine of Japan-
make when considering its higher functionality
and performance

Because of over-performance specifications,

the machine of Korea-make can easily overcome
that of Japan-make, provided that the Korean
manufacturer can produce cheaper machine with
simplified specifications
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The Korean manufacturer has relied largely on tqgadese part manufacturer. For
instance, the Daewoo Co. imported the core partdNf® turning machine and MC from
Japan, and in 2004 the imported parts rate aroOrb 4nd 25 % to the necessary number
of all the parts for NC turning machine and MC pegively.

The Taiwanese manufacturer can characterize bfpllogving features.

There are several MC manufacturers together whihge number of subcontractors. These
MC manufacturers are, even in competitive statechmase the same unit and part from the
same subcontractor. For instance, the Fair Frigsdd® subcontractors for machining, 20
unit suppliers and 80 suppliers for the standart pa

The MIRL (Mechanical Industry Research Laboratooy)e of the semi-national body
organizations, designs the conventional MC by #wpiest of the manufacturer or assists the
product design in the manufacturer.

The manufacturer always considers the technologgnasof the tools for the trade
activity, i.e., tools for getting the money.

Summarizing, a crucial problem in both the Koread &aiwanese manufacturers were in
the poor design ability for the new product, and #hortcoming remains even now.

Following the investigation mentioned above, anotipgestionnaire investigation has
been carried out in 2008. Fig. 3 shows the utmestasentative result. In this questionnaire,
the format differs to some extent from the previause by emphasizing the aspect
of product differentiation. The causality of difieg format lies in the changing perspective
of each manufacturer, i.e., from manufacturing ratmn to product innovation to enhance
the marketability.
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Fig. 3. Mind map representation for product différation stategy
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Supposedly, we may obtain very scattered and phmalvers to the same question,
l.e., that related to each axis in the Mind Mapjolhrender the questionnaire investigation
useless. This is, in principle, because of the waleilability of the conventional MC.
Thus, we affix the priority order to the answer drave in fact produced Fig. 3 by taking
the answer of first priority.

As can be seen from Fig. 3, there are no obviofiieroig features among the product
attributes of Japan-, Korea- and Taiwan-makes. éxample, each manufacturer is very
keen to raise the inland market share together dégloying to abroad. Admitting it, we
can furthermore point out some characteristic feastas follows.

The Japanese manufacturer is in advanced and bahgfosition by leveraging the
directly opposed attributes in the product design, leverage among “Higher-machining
accuracy”, “Higher-cutting speed” and “Heavy cugtimbility”. In accordance with the
design principle of the machine tool, one of thattebutes should be satisfied to be the
desirable machine in reality so far.

The Korean manufacturer can maintain the competiggs by realizing the cheaper
sales price and shorter delivery time.

The Korean and Taiwanese manufacturers show, meresome interesting trends as
follows.

In Korean manufacturers:

- The conventional MC targets the automobile asrstruction machine industries.

- There is a noteworthy improvement in the coret @and unit supplies from abroad,
although still relying on the Fanuc- and SiemensiensdC controller.

- For the variant of the conventional MC and T@,,iquinaxial-controlled MC and TC
with twin-spindle, the due technologies are in inumna

In Taiwanese manufacturers:

- The conventional MC targets all the industriegetber with appealing the cheaper sales
price.

- User management especially looking after thegmesustomer, but not future potential
customers, i.e., business-oriented enterprise nesneagt.

In addition, we must be aware of the importancthef‘Fixed Point-like Observation”
to understand correctly what is and was under wagheé objective nation by comparing
Figs. 2 and 3. Such an observation is, as can agiimad, very helpful when conducting the
technology transfer.

Reportedly, the Japanese, Korean and Taiwanese factumers eye the BRICs
(Brazil, Russia, India and China) as the next laiged market, and thus, Table 3
summarizes the technological strategy and alspatential variant of the conventional MC
being scrutinized by these nations. As will be olngi from Table 3, each manufacturer is
very keen to enhance the competitiveness by emmqoyarious remedies, and in short, both
the Japanese and Korean manufacturers have coabeptu the “Junior Machine”
as a strategic product for BRIC#n addition, they intend to manufacture the jumiwachine
as a whole at the’tier subsidiary or sister company so as to redlieenanufacturing cost.
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Table 3. Remedies for BRICs markets from technollgispects in representative Japanese, Koreafnawdnese
manufacturers at 2008

Nations & Strategies in General Various Strategies
Region for Machine Kinds
Design technology Manufacturing technology Others Available for BRICs
Weighing attributes: In-house manufacture of Merchandisation of junior
J Long durability of l(;ore ﬁarts so far supplied machine
apan i i other companies
p higher-speed spindle Ryeinfor cem erI:t of product Fulfillment of support systems
Compactness of machine inspection p for utilisation technology
Establishment of machining
& assembly technologies Cost reduction by simplification
Merchandisation of for unskilled worker of functionalities
a variant, design Reduction of assembly time | EmPployment o £ shiopi
Korea attributes of which by using qualified units of user mplayment of Suppng
can differentiate management | destination-oriented
that of other Cost reduction in the systems specifications
manufacturers machine with simplified .-
specifications by producing Enhancement of operability
it at sister company
o Dependence upon skilled ..
Applicability to worker Employment of ODM (Original
machining of new | . Design Manufacturer)
. materials Hop oyfnent SE LT ) Merchandisation of already
Taiwan Weighing design %nst?.ll.an(}n Olf.pilocessmg well-established machines
. ; acilities for higher
attributes for higher accuracy % Merchandisation of machines
rotational & travelling ) ) . with global market-oriented
speed OBM in consideration of specifications
cultural differences

Summarizing, the Japanese manufacturer is sttheénsuperior position as compared
with those of Korean and Taiwanese manufacturdtspwgh they have improved their
technological qualifications and are able to plppravable market strategies.

The “Junior Machine” is based on one of the deguosophies, in which the
machine tool as a variant maintains the originatatisional specifications as that of basic
type, but has the simplified functionality and peniance specifications. Thus, we can
expect to realize the cheaper machine togetherhaiting the function of the “ease of use”.
The concept of “Junior Machine” is credited to Jalamg & Sons located near Glasgow in
the 1930s. After then, lkegai Iron Works revivea tboncept to merchandise the cost-
effective engine lathe in the 1960s.

3. PRESENT PERSPECTIVES IN CHINA AND INDIA

As shown in Fig. 1, the machine tool technologreMainland of China and India are
considerably behind as compared with those in Japarea and Taiwan. In due course, the
Japanese, Korean and Taiwanese manufacturersrgrkesn to advance in the Chinese and
Indian markets. In fact, a representative Koreamufacturer exemplified by the Daewoo
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Co. has already developed the conventional MC cdbipawith the Chinese market. In
contrast, in the case of the Japanese manufactheeGonventional MC available for the
world market was simultaneously placed on the Gemaarket, although the Chinese user
could not afford to purchase it because of its @rigbrice. Belatedly, the Japanese
manufacturer has launched out the product linewplae for the Chinese market since
2008 as exemplified by the “Junior Machine”.

Accordingly, in consideration of the potentialitgrfgrowing up to the large-sized
market in a very near future, at issue is to undacscorrectly the present perspective of the
machine tool in China and India from both the pign and the utilization technologies.
Thus, Fig. 4 shows first the first-hand view foe thstallation state and purchasing power in
the national capital enterprise. For example, Bi#EL has installed the machine tools
ranging from the traditional type and NC turningamiae of retrofit type, through home-
produced CNC turning machine, to the utmost advarid€ turning machine of German-
make. In short, the Chinese and Indian enterpr&esin chaotic condition, showing
varieties in the manufacturing facilities, andesidt we can recognize the urgent and crucial
demands for the renewal of the machine tool bemsgalled. As a result, we must discuss
the following two issues at present.
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Taiwan-make & also of

Korea-make of ** Junior

Type ”
Leading-edge machines
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Large-sized machines of
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Imported machines from

! old communist nations
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ote - Machine tools suitable
/  Note- Machine tools suitabl
or the Russian industry:
/ he Russian ind
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Fig. 4. Installation stares of machine tools inr@hilndia and Russia

What are the machining requirements using the ctioweal MC, and how many
numbers of MC must be installed.
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Capability of the local manufacturer to provide tiezessary numbers of MCs.

Thus, the questionnaire and on-the-spot investigatihave been carried out, and the
interesting observations will be stated below.

In carrying out the investigation, we must be awafehe following. In fact, the
foreign transplant factory has more sophisticatedlifies, and there is a considerable
difference between the national and foreign cagtdérprises. Thus, the basic necessity is
to choose correctly the sample enterprise in aagrgiut the comparative investigation. For
example, in Sumi Motherson Innovative Engineerimgnidia, where the plastic molding die
has been manufactured, nearly all machine toolsgbigistalled have been imported from
the Japanese-origin machine tool manufacturer¢ddaa Singapore and Thailand.

3.1. PRESENT STATES OF CHINESE MC MANUFACTURERS ANIDNCERNS

Figure 5 shows a generalized view for the charetierfeatures in the strategies
of some Chinese manufacturers including Dalian Ntexi ool Mfg., who have produced
the conventional MC. From Fig. 5, we can observmesacharacteristic features of the
Chinese MC manufacturer as follows, when compattoge in the Korean and Taiwanese
manufacturers.
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Fig. 5. Characteristic features in strategies ah€e manufacturers — In case of conventional MC
production in 2005
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The leading product is the most prevailed convewtidIC, i.e., MC of cost effective
type, and nearly all manufacturers aim at the ishlararket.

The delivery time is longer, because of using theotete manufacturing facilities. In
fact, the Chinese manufacturer has employed thdbtibmal job shop or a group of NC
machine tools of stand-alone operating systemsaddition, the longer delivery time
appears as to be due to the sparse competitiofactn each manufacturer is under the
control of the Government, and ordered the kinthefmachine tool to be produced.

The Chinese manufacturer has duly incorporated shésidiaries within its
manufacturing structure; however, the subsidiaaieslocated within the Asian region only.
This appears as to be one of the reliance attitodethe Chinese manufacturer on the
overseas Chinese network.

Within the manufacturing facility context, FMC istrprevailed as yet.

In addition, the Chinese manufacturer has purchdkedcore unit and parts, e.g., NC
controller, ball screw and linear guide, from Japarsame as those in Korea and Taiwan.
In Fig. 5, furthermore, we can observe an intemgstact that the Chinese manufacturer
marked at the “Customer satisfaction”; howevers thust be interpreted as follows.

“The Chinese manufacturer is kind of and esteemmsitstomer to a large extent, but
does not design its product as to be customerfaetizn type. In the questionnaire, the
“Customer Satisfaction” is at issue as a desigibate as similar as “Customer Delight”. In
the case of Taiwanese manufacturer, we can obtes\aame.

Within a user context, there is, in general, tHeedentiation in the use of NC machine
tool between the Japan- and Taiwan-makes. In sth@tmnachine tool of Taiwan-make can
facilitate the rough machining and finishing of thert with ordinary accuracy, whereas that
of Japan-make is for the higher-accuracy machiaimg) also for the part with complicated
shape.

To this end, it is worth suggesting that the pao&éiinds for the Chinese industry in
the very near future are (1) the advanced TC anddfiGerman- and Japanese-makes, (2)
junior machine based on the conventional TC and KL machines for rough machining
and capable of replacing TC and MC of Taiwan-makésFTL for automobile industry,
and (5) large-sized machine tools of retrofit type.

3.2. PRESENT STATES OF INDIAN MC MANUFACTURERS ANDONCERNS

In India, the urgent demands are to improve theasdaafrastructure, especially the
road, railway and power supply, and thus there ggaaving requirement for the machine
tool, which can machine the parts for the consioacimachine, rail, rolling stock, electric
power generator and so on. This situation has lmmeninued during these 10 years;
however, the local machine tool manufacturer camegpond such increasing demands for
the machine tool, especially for the convention& Buch as already shown in Table 1. In
addition, the needs for the machine tool are ndatred states as yet.

In short, the Indian machine tool manufacturer tvaly the weak competitiveness in
the world market, whereas can be characterized byirnderesting feature in the
technological inheritance. More specifically, tmelian machine tool manufacturer remains
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the influences from Germany and Swiss in design @aaufacturing technologies, and
furthermore facilitates the production and prodgaglity controls by the Japan-origin
technology. In addition, we may characterize analueate the Indian machine tool industry
as follows.

The common trends are (a) relatively long delivége, (b) cheaper sales price
of machine, and (c) domestic market-oriented sati#side.
A characteristic feature lies in the design in cdasation of only one leading design
attribute and, in part, of the leverage of two legddesign attributes. This is a very
interesting, and in this context, the Indian maehwol manufacturer is superior to Chinese
manufacturer.

In contrast, the manufacturing facilities in thelian machine tool manufacturer are
obsolete as compared with those in the Chinese factaver.
Figure 6 shows some characteristic features ofPingre Plant of HMT Machine Tools
obtained from an on-the-spot investigation. We &g observe the same mentioned above
in this case. Importantly, the Pinjore plant hasdpiced the small- and medium-sized MC,
which is in fierce competition not only within doste, but also in the world markets. More
importantly, Mr. Batra of HMT reveals the increagiarder for rough machining from the
world to India, and thus HMT has produced MC, inahhthe main stress is placed on only
one leading design attributes such as shown ing-ig.
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In due course, the following product deployments laeing planned to enhance the
marketability in HMT.

Higher-speed MC, in which the spindle speed is ntbas 15,000 rev/min, although
the higher-speed spindle head should be imported Weiss Co.

Quinaxial-controlled MC of tilting head type.
Large-sized die sinking machine of fixed bridgeetyp
MC for flexible manufacturing.

Reportedly, HMT Machine Tools is one of the leadmgnufacturers in India, and
thus we can observe the present and a very nearefyerspective in the Indian MC
manufacturers to some extent from those of HMT Nae ools. In contrast, we need to
have much more information to deepen our undersignéig. 7 shows some results of the
guestionnaire investigation for another two smaltd medium-sized MC manufacturers,
l.e., EMCO and Reliable Autotech Machine ToolsFIg. 7, the stress is placed on the first
and second priorities in the responses for thetmuesire. It can be seen that the Indian
MC manufacturers advance in the various markeipatjh the general trends are similar to
those shown in Fig. 6. For example, we can obshe@ew horizon as follows.

The objective customers become enlarged and otieeafew comers is the market for
prosthetic devices.
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The marketing strategy appears as to be changmy the domestic-oriented to
export-oriented bases.

As can be readily seen from the requirements fee @4 use, it implies that the Indian
industry would be very keen to modernize the prdidacfacilities by employing flexible
cell manufacturing.

Furthermore, it is very interesting to unveil thene series-like development of the

Indian MC manufacturers by comparing the informagbown in Figs. 6 and 7.
Admitting such the states of the Indian machind toanufacturer, we must discuss the
potential kinds for the Indian industry in a vergan future. In this context, it is worth
suggesting that the Indian machine tool users neeidus kinds of the machine tool and
have relatively enough funds to purchase the addmeachine tool of the higher sales
price. Such markets render, in contrast to thosRussia and China, the junior machine
useless.

4. CONCLUDING REMARKS

It can be said that the underlying hypothesis noeetl in “Introduction” is acceptable
on the basis of the investigation carried out h&taviously, the Japanese conventional MC
manufacturer can maintain the superiority in thelvenarket for the time being. Following
the conventional MC, the next comer is the quinacietrolled MC and its variants, e.g.,
guinaxial-controlled MC having the function of contously rotating table, and within this
type, the Japanese manufacturer has only a strongpetitor in Germany, i.e., DMG
(Deckel-Maho-Gildemeister).

As can be readily seen, we need the quinaxial-otbatr MC with rotating table to
machine the monolithic part with complicated shapethe automobile and aircraft
industries. In the automobile industry, a facingeassity is to increase the fuel efficiency,
and the due remedies are to employ the monolitait o reduce the weight and also the
higher accuracy part to reduce the frictional l&&snsequently, in the aircraft industry, the
more lightweight structure must be realized by eyiplg the monolithic part together with
carrying out the much more heavy machining, i.achming for larger swarf removal rate
per unit time, for the part made of Ti alloy thareebefore.

Supposedly, there could be two-pronged applicai@a for the conventional MC and
its variant, i.e., growing markets for the convenél MC with simplified specifications and
for the quinaxial-controlled MC. In due course,rthare a considerable numbers of research
subjects in relation to this new trend. In shortgrawing importance is to conduct the
comparative research into the marketability stnatégr the conventional MC in full
consideration of its worldwide market, and if pb$sj including the important role of the
industrial design to reinforce the marketability.
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