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Abstract

This paper presents an indepth case study of
technology transfer to an Indian manufacturing firm in
the tractor industry and highlights the complexities
involved as a result of the interaction of a number of
factors both external to the firm as well as internal
to it., The total process of technology assimilation
is conceptualised as consisting of three sub processes;
a) technology adaptation; b) technoclogy utilization and
¢} technology development, which are characterized by
differences in the organization's goals and actions
taken by management taken during each stage. Based on
the case study and other relevant research the authors

draw some implications for policy at the national level,



Learning by Doing:

Technology Transfer to an Indian Manufacturing Firm

SHEKHAR CHAUDHURI AND TUSHAR K, MOULIK

Increasing technological gap between the Western
World and developing countries is ones of the significant
causes of the widening economic digparity between
them, The less developed countries are not only much
pocrer than the countries of the industrialized world,
they produce goods with much less sophisticétéd means,
often using inefficient techniques, Many finished
products have to be imported. The developing count~
ries suffer both from low productivity of labour as
well as of capital, -

Ihe international arena in science and technelogy
shcws a predominance of the industrialized countries
¢f the west. A very large percentage of the world's
R&D expenditure is accounted for by the advanced -
countries, as shown in Table 1.

One view is that the vast expenditure on science
and technoleogy by the developed countries represents
a storehouse oi technclogy whieh can be relied upon
and utilized by the developing countries. By being
latecomers tc the process of technological develope
ment, the developing countries have the advantage of
being able to import directly the technologies ale-
ready available in the advanced countries without
having to spend time and effort in re-inventing
these technolbgies. Therefore, what is required is
a channel or conduit through which this “transfer of
technology"” from the developed to the developing

countries can take place,



Japan has successfully impleme.ted this policy to
engineer its economic growth. The post-war develop=-
ment of Japan is accounted for by many factors, 1
but the most outstanding is its massive import of
technology. Between 1963 and 1973 Japan paid out in
all 3.4 billion for its téchnology imports. The
government adopted a sclective approach towards fore-
ign technology: the authorities screened the contracts
and approved agreements only after considerable study.
They imported the latest and capital intensive techno-
logies and successfully adapted them through local
R&D programmes. The imported technologies were trans=-
formed into export capabilities, and thelr exchange
ecarnings through export far exceeded the payment on
account of royalties.

India has also placed major emphasis on develop-
ing scientific and technologies capabilities with the
belief that science and technology would contribute
to the economic, social and cultural transformation
of the country.2 Various institutions have been
set up like the Ministry of Scientific Research and
Cultural Affairs in 1948, Council of Scientific and
Industrial Research, the Atomic Energy Commission,
etc., However, India has not been very successful in
assimilating technology.

Trivedi 3 cites the examples of synthetic fibre,
fertilizer, synthetic detergents, etc., where develop-
ment has been lopsided because of the absence of a
clear cut technology policy at the governmental level,
The experience of the steel and diesel engine 4 in-
dustries highlights the problems faced in assimilating
advanced technology because of mismatch with local con-
ditions. Subramanian's study 5 shows that foreign



collaborators assumed too many functions extracted a
very high price through a complex payment scheme and
curtailed the autonomy of Indian Ventures. The net
result of the import of technology by the Indian firms
was the increase of foreign exchange outflows on ser-
vice payments and a heavier burden on the balance of
payments.

Much time has passed since the above studies
were conducted and one can reasonably expect that a
significant amount of technological development would
"have taken place during the intervening pericd. India
is now known to be one of the top industrial nations
in terms of industrial production. However,'the prob-
lems that she had faced in technology acquisition and
assimilation immediately after independence seem to be
there even today. A recent example is India's ex-
perience with heavy water plants. The Rs.66 crore
heavy water plant of the Department of Atomic Energy
(DAE) at Talcher in Orissa, whose design and some of
the eguipment were suppliled by a West German firm
failed to prodice even a drop of hcavy water. The
reason being the very process on which the Talcher
design was based proved to be unworkable or defective.6
This is not just one example; very serious probklems
are being faced by DAE's other heavy water plants in
Kota, Tuticorin and Baroda,.

Degpite the fact that the problems in acquiring
technology from foreign firms and assimilating it
are formidable, international technology transfer
mechanisms are likely to remain dominant for the de-
velopment of technical competence. Very recently we
have noticed a sudden increase in foreign collabo=-
rations. During the period 1977 to 1979, 841 foreign
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International Comparison c¢f R&D Effeort

Pcer Capita Por Capita

hD BExpondi-

c GNP in U.S. turc ns per- R&D Ezp@D-

ountry Dclinrs ot centage of diture in

cu;rcnt GNP U.,5.3011~

prices ors ~t cg—

rrent Pri-

ces
(1) (2) (3} (4)

1. Argentine - 904 0.2 1,86
2, Belgium 2176 1.3 30,20
3, Canada 3097 1.3 46,87
4, Czchoslovakia 1370 3.6 114,65
5. France 2525 2.0 50,861
6. Germany (FRG) 2238 1.8 50,16
7. Ghana 220 0.2 0.23
8, Iran 334 0.3 1.35
9. India 100 0.4 0.47
10 Italy 1439 0.9 13,96
11 Jopan 1658 1.8 29.10
12 Republic of Korea 220 0.5 1.03
13 Mexico ©32 0.1 0.80
14 Netherlands 2012 2¢2 48,43
15 Nigeria 83 Cab 0.50
16 Pakistan 132 0.1 0.08
_ Sweden 3365 1.2 37.66
18 U.X. 1716 2.5 43.87
19 U.S.A. 4139 2.8 129.13
20 U,3.S.Re 1198 4,2 58.01
21 Yugoslavia 580 1.0 4,9

Sourcc: Rescarch and Development Stotistics, National
Committes on Science and Technology, May, 1975,
P.15 guoted in V.Sriram ct.al Tcep 300 Companics:
Imports, Exports, Foreign Collaboration Agrec-—
monts and R&D (Now Delhi: Ecconomic and Scicentific
Reseorch Foundation, 1979).




collaborations wsere approved., However, during the
period 1980-1982 this figure shot up to i,500. 7
These developments are a pointer to our need for
improving our knowledge of the process of technoloqgy
transfer and its management,

The process of technology transfer at the firm
level in influenced by both external as well as in-
ternal factors. The external environmental factors
may be typically categorised into, (a)economic,
(b)political, (c¢)social, (d)technological, (e)market
related or competitive, (f)regulatory and (g)physical
- or ecological. The internal or organizational fac-
tors may be related to the, (a)goals, (b)leadership
style, (c¢)resources, (d)capabilities, (e)organization
structure, (f)information flow, etc. This framework
has been used to describe and understand the process
of acquisition and assimilation as experienced by
Eicher Tractors India Ltd., now known as Eicher Good
Earth Ltd, This is presented in the first part, In
the second part of this paper, a model of technology
assimilation process has been‘developed. '

The third and final part of Fhis paper draws
upon the case study reported carlier and findings of
other relevent research to highlight a number of policy
. Implications,

o * %
I Eicher Tractors India Limited: Prelude to Techno-

logy Acquisition

Eicher Tractors India Limited was floated in
1959 by The Goodearth Company. The latter had been

S W den S S S S P S S it W e

**  Based on unpublished doctoral dissertation,
"Acquisition and Assimilation of Technology in
the Tractor Industry in Indias: The Strategic
Perspective", by shekhar Chaudhuri, (IIMA 1980)



engaged in the business of selling imported tractors,
In 1948, the foundér and the managing director(MD) of
the company had taken up the dealership of Ferguson
tractors for a few districts each 1in Western U.P. and
the areas now in Haryana. Tractors at that time had
a curiosity value and a market had yet to be develop-
ed. The MD found the tractor distributorship tc be
profitable and in 1952 he decided to import tractors
on his own,

In 1952, The Goodearth Company imported a 'few
tractors from Gebr. Eicher of West Germany tc test
market them. The market response was good and from
1953 onwards the company started importing tractors
in larger quantities. The imperts in those early
years were in the range of 100 to 200 a year. It
never went beyond 30C a year. A gooed workshop was
set up for repairs and maintenance, and trzining of
farmers and mechanics. Import of complete tractors
continued till the end of 1956 after which the libe-
ral import of tractors through norial trade channels
ended on account of the stringent foreign exchange
situation., Arocund this time the Mp started consider-
ing manufacture of tractors in India, Around 1957=-58
he toured West Germany to explore the possibilities
of a collaboration with Gebr, Eicher, for the manu-
facture of tractors according to their design and
specifications. Simultaneously he applied to the
Government of India for an industrial licence. To-
wards the end of 1958 the government issued an induste-

rial licence for the manufacture of tractors.



Choice of Product Technology
At the time when the MD had thought of importing

tractors, most agriculturists in the c¢ountry depended

upon human and animal power., Indian farmers had not
yet been exposed to mechanization of agricultural
operations, and were, therefore, apt to put the trac=
tor to abuse., There was hardly any facility for maine-
tenance of tractors. The level of technical skill
posSessed by the farmer was alsc very low., The MD
realized that a tractor was required which would with-
stand variocus types of use and abuse like pushing
heavy loads, pulling trailers, various firm operations,
etc, and in his BEuropean tour he looked for a tractor
which had the following characteristics, ease of
maintenance by even poorly trained village machanics,
low price and low operating costs. The Eicher trac-
~tor fulfilled all these reguirements and till recently
it has remained the lowest priced tractor in the
-ecountry.
| The Eicher tractor was powered by a single cy-
linder air cooled engine and had a minimum number of
moving parts. It did not have a hydraulic system
for implement control, whereas by 60s almost all
tractors in the developing countries had incorporated
this in their designs. In other words, the tractor
model selected for manufacture in India was compa-
ratively an obsolets model,
Mode of Collaboration:

Gebr. Eicher of West Germany, started as a small

venture just after world war II, had a very low pro-
duction volume of about 3000 tractors per annum.
Because of the simplicity of design and low production

volume, the machinery used were mostly of the general



purpose type and less sophisticated. The manufactﬁr—
ing technology used by them was compatible with the
ljevel of technological skills available in the auto-
mobile anciliary industry in India and theilr produc-
tion volume matched Eicher India's licenced capacity
of 2000 tractors per annum.

A collaboration agreement was signed in 1959,
which ended in April 1973, 1t was a financial-cum=-—
technical collaboratlon, the collaborators were given
a sﬁare in the share capital of the company and ~the
right to nominate two of their represcntatives on the
Board of Dircctors. Acccrding to the agreement, Gebr.
Eicher of West Germany was required to; 1) supply the
documents and drawings for the manufacture and ass-
embly of tracters, 2) supply critical components till
they were progressively indigenised, 3) help in est-
ablishing production and asscembly operations in India,
4) supply all érawings and documentation of jigs,.
flxtures and 5) train engineers of Eicher India at
their works.

A rovalty of two per cent was payable on ex—works
cost of components manufactured in India. Another two
per cent was pavable as technical knowhow fee.

The German collaborator sent a few technicians to
the Indian Company during the initial phase to help
‘set up the assembly operations, however, before much
progress could be achieved, the collaborator ran into
~a number of problems like sinking market share, inade-
quate technology, etc. In 1970 Gebr. Eicher was bought
over by Massey Ferguson of Canada. The collaboration
"continued till 1973 but not On very satisfactory terms.
Eicher India's major problems werc production, import

licence availability, firance, etc and the collaborator's



was basically that of marketing. The collaborator sent
the drawing's and documentation and were prepared to
train the enginecers of Eicher India at their works.

PDue to lack of funds this facility could not be availed
of totally. During the initial stages pilot components
were sent to Gebr.Eicher for testing. But over the
.years Eicher India is not only supplying the collabo-
rator some of the components but has also been highly
commended by the Gebr. Eicher for their quality.

Manufacturing Policiles i

Plant Capacity Initially the govermment had

issued an industrial licence to Eicher Tractors India
Ltd. for manufacturing 1250 tractors per annum, which
was later increaéed to 2000 tractors per annum. Com~
pared to the average production capacitics of over
30,000 tractors per annum of the major manufacturers
in America and Europe, Eicher Tractors India'’s licenced
capacity was very small., But becausc of difficulty in
getting import licences for CKD packs and their lack
of technical and managerial expertise, the production
volume never went beyond 200 tractors per annum in the
first few vyecars. .

Phased Indigenization The company started pro-

duction on september 3, 1960. The manufacturing prog-
ramme as approved by the government envisaged the

focllowing progressive indigenization:

Year Indigenous Content
1st 48.6%
2nd 79 .5%
3rd 100.0%

Implementation of this rapid indigenization programme
was, however, fraught with numerous difficulties.
India's balance of payment situation had started

deteriorating in the late 50s. Simultaneously, the



government ended the liberal import facilitiqs to con-~
serve foreign exchange; This had serious repurcussions
on the operations of Eicher Tractors India Ltd. It had
not visualized that foreign exchange availability would
be such a problem. When the industrial licence was
given for 1250 tractor per year, it thought CKD packs
would be available to that extent. In fact Gebr.Eicher
had specially produced 1250 almost complete tractors
and these had to be kept in stock, in Germany as there
was no licence to import them. The government allowed
import of only 150-200 tractors 1 year and this contin-
ued for six years. Only on continued representation to
government, Eicher India, was given an import licence
of 1250 CKD packs.

Eicher India also lacked proper infrastructure to
undertake the task of indigenization as stipulated by
government. It lacked adequate engineering staff, tool
room facilities, purchasing and vendor dcvelcpment
staff, etc. The low production volume, because cof the
small import licences, could not sustain a larger pér—
sonnel strength required for the rapid indigenization
programme,

In 1966 the government liberalised the import
policy and import licences of CIF value of Rs.51.47
lakh for the import of essential raw materials and
components were issued. Ancother import licence of the
valuc of Rs.38,98 lzkh was expected,

During 1967-68 machines worth Rs.16.75 lakh were
installed to achieve indigenisation of the tractor.

In 1968 government granted another import licence
for Rs.4% lakh for the import of special steels, tocls
and components,

In the third phasc the development of the engine
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was taken up, starting with simpler parts like connect-
ing rod, crank shaft and then finally engine housing.
By 1969-70 the wholc of the enginc had been indigeni-
zed and only the transmission rcmained,

‘Around 1970-71 cther Indiar companics started
manufacturing gears. Efforts for manufacturing all the
gears indigenously bogan and by around 1974-75 the
company was successfully in developing reliable sources
for the same. An R&D cell specially for concentnéting
on developmental activities was created through which
technical help was given to the gear manufacturers. A
part of the suppliers' developmental expenscs was also
met by the company. Gears were complotely indigenized
by 1974-75,

Choice of Manufacturing Technology

The son of the founder, joined Eicher Tractors
India Ltd. in 1968 and onc of the major tasks before
him was the selection of proper plant and machinery to
increase production, which had remained extremely. low
for the past eight years. (see tablc 2)
Table 2

Production (July - June)

(26.5 h.p)

Year Nos.
1860=61 132
1961-62 149
1962-63 214
1963-64 64
1964~65 225
1965-66 . 123
1966~67 92

VIKRAM SARAHHAI LIRTA8¥
HDHAN INSTYITIITE N7 e A w
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1967~-68 204
1968-69 346
1969-70 378
1270-71 ' 859
1971-72 789
1672~73 854
1973-74 1081
197475 1232
1975=-76 2142
1976=~77 2719

Technically, therc were options in the choice of
manufacturing technology.

1. Use of mass production technology using special

purpose machines for all operations,

2. Use of only gencral purpose or universal machi-

nery for all operations.

3. Use of a combination of special purpcose and

universal machinery.

The first choice was ruled out as there were not
enough funds to employ mass production technology and
also the fact that production volumes of 100 or even
300 tractors per vear would not have been economically
justifiablec,

The second option was ruled out on the ground that
it required high level of skill and stringent gquality
control., So the management decided on the use of a com-
posite technology, i.c., a combination of universal and
special purpose machinery.

Innovative Technology Choice Acute paucity of funds was
responsible for the evolution of a corporate rhilosophy
of "low cost”‘in every endeavour of Eicher India. To

over come the problem of financial stringency, the
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management initially decided to purchase some second
hand machinery from the collaborator., These machines
were required for some of the critical operaficns, Sals
machining of connecting rod, cam shaft, =tc,

Indigenous machinery avoidable from well known
manufacturers like HMT or Kirloskar were too expensive
which the com any,could not afford, 8¢ a team of engi~
neers along with the present managing director went
around small scale enterprises in Punijab toc cbserve
the machines and sguipments they were utllizing And
after studying their practices theroughly the manage-
ment decided to go ahead with the purchase of very
simple machines called addas manufactur=ad by the small
scale industry in Ludhiana and Batala in Punjab.

These machines were fitted with very simple tool
carrying hecads. These addas were basically universal
machinery which could ke tooled up for mass production
of different itcms. The idea of the management was

to design and manufacture proper jigs and fixtures

by which the reliability of the operations could be
enhanced. By this method the operations could be “de-
skilled" to & certain extent. .

The layout of the shop was designed in such a way
that each conponent could be manufezctured in a part of
the shop, using a combination of these addas. Combin=
ing process and product line layout for certain cri-
tical components it was possible to increase the capa-
city of production with low capital expenditure in
plant and machinerv. The addas cost them approximately
Rs.3000 and the special jigs and fixtures another
Rz.1, 000 whereas a machine from the established large
machine tool manufacturer would have ccst them Rs.
20,000-50,000, Capital expenditure or fixed assets
is as shown in Table 3.
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Table 3

Fixed Asscts (Rs, lakhs)

{(at cost less depreciation)

Year Value
1964 €.85
1965 19.82
1970 26,58
1976% 105,59
1977 154,35

* In 1976, land accounted for Rs.4.0 lakh, buildings
Rg.11.0 lzkh and plant and machinery Rs.71.3 lakh
after depreciation. Breakup for the other years
was not readily available.

Source: annual Reportsa.

Strategy for Tcchnologicel Skill Development:

A separate enginecring team was created to cater
to such necds as converting very simple universal machi-
nery to single purpose machinery by designing proper
jigs and fixtures, copying attachments, hydraulic sys-—
tems, etc. Also many of the complicated machincry were
designed and manufacturced in the company by a specially
created cell, HMachines like dynamic kalancing machine
for balancing the crank shaft and the flywhecl, fine
boring and tapping machine for the cylinder head were
de¢signed and manufactured by the company's engincers.

Management Fhilosophy According to the managing direc=

tor “what originally started as a reasoning bern out of
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paucity of funds has now beocome a philosorhy of the
company-the low cost approach‘in every endeavour, This
is also in keeping with the ncedes of our country's de-
veloping cconomy where capital is scarce and therefore
must be conserved", This philosophy continues oeven
now, though the company has long turncd the corner

and is making hendsome profits., To quote one example,
the company plans to make a pPressurised paint booth

at a cost of approximately Rs.8 lakh, which if pur-
chased from ¢stablished manufacturcrs would cost them
Rs,16 lakh. The new plant for the 35 h.p. tractor

and the gear manufacturing which the company planned
to up Parwanoo would follow the samc philosophy. They
planned to purchase addas of better guality which
would give them higher re¢liability,

However, in the R&D department, their policy was
to have sophisticated machines and their total invest-
ment in the R&D department was several times more than
that in the producticn plant. Till recently the policy
of the management was to subcontract as many items as
possible in order to reduce the capital expenditufe.
This was possible till the production volume remained
at around 2,500-3,000 tractors per'aﬁhum. With the
increase in volume the mansagement folt that complete
dependence on supplies for critieal componants was too
risky thercfore to insulate themselves from such un~
certainly they were in the proccss of creating some
manufacturing base, This, the management felt would
alsc act as a deterrent agazinst price increases by
suppliers. The gear and transmission plant planned at
Parwanoo was also part of such a policy, The engine
plant a Alwar was started to cater to the increasing
volume and also to cater to the needs of other indust~

rics,
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A machine tocol manufacturing unit was started to
cater to the needs of machinery for the thrce plants
at Faridabad, Alwér, and Parwanoo. This machine tool
unit had its gencsis in the early period of the Fari-
dabad Plant when a special cell was created to convert
all the universal machinery into single purposc machie
nery, to make modifications on the machinery bought
from the collaborator, and design and manufacture
machinery for replacement purposes. The addas used by
the company had a useable life of about three to f£ive
years.

Sources of Funds

Initially the Company's share capital was very
small and in tho tractor industry the prices and dis-
tribution was controlled., The company survived this
crisis only on the cnormous goodwill of the dealcrs.
It took advance-sccurity advance-from the dealers for
a perilod one year in advance of delivery of tractor.
The prices of tractors werc maintained at an artifi-
cially low level., This meant that the company had
constant cash problems like paying salaries, wageé,
government dues, ctc,

Technology Development and Product Diversification

Developmental activities were undertaken from the
very beginning of the company., & design cell had been
created for undertaking the following activitiecs:

1. Indigenization of all the tractor components

2. Converting the simplc addas into single purposec
machines by designing suitable jigs, fixtures
and other special tooling,

3. Designing and manufacturing special purpose
machines required for machining critical come
Ponents,

Till about 1972-73 the wholc organization was
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geared up to incrcase production. Prices being cont-
rolled by the government the only other way of gonerat-
ing larger surpluscs was through a larger volume., By
1970 the accumulated losses after providing deprecia-
tion amounted to Rs.35.24 lakh., However, by constantly
increasing production, all the accumulested logses were
wipcd off by 1973-74,

The tractor industry had been in a sellers' market
till about 1972-73, According to the MD, "markcting"
as a concept had not taken roots in the company during
thig time, It could be described more as "distribu-
tion", Initially distribution of tractors alsc had
been controllced by government as the indigenous produc-
tion was very small,

However, in 1972 the market started showing signs
bf a changs., The Dircctor's Report in the Annual Re=
port(1971-72) said: Thers is now tough competition in
the Tractor market. Further, overall demand for trac-
tors has fallen, beoccause of varlous reasons, such as
further reduction in size of land heldings.

«es O the recommendations of the Burcau, prices
of all the indigenous tractors werc revisedsin January/
rebruary this year. The price for Eicher tractors
wag fixed at Rs5.25,200 ... The company had however kept
the selling price at Rs.23,700... in order to meet comm
petition,

In order to give merce incentive to the dealers and
to enable them to improve their servicing facilities,
the company raised the discount to its dealers from
Rg,.800 to Rs.1,300 per tractor.

Product Diversification In 1$732 the company added the
following products to their product lines:
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1. Eicher diesel generating scts

2. Stationary diescl cngines

3. Trailers 3~6 tcns.

No industrial liccnce was reguired for manu-

facturing and selling these new products.

The company's policy which guided new product
decisions can be guaged from the following:

s+ the company has maintained its prime objec-

tive of economy with quality by providing sound

low cost products. So much sc that when the

price control was lifted from the tractor indugtry

in 1974, Eicher was the only organization which
did not raise its price, even marginally,

Yet another unit was set up in 1978. The product
chosen was machine tools, which could £ill the gap
existing in the market between the high cost/high
precision machines made by large manufacturcrs

and the low cost/low precision machines manuface—
tured by the small scale units ...

Exploratory Efforts in Export Markets The year 1973

also saw somc cxploratory steps in developing an export
market for their products-mainly tractors. The company
made efforts to develop markets in the developing counte
ries of South America and Sudan. They also supplied
samples of compcnents for "Eicher" engines to their
collaborator in which all measurcments Were not only
within tolerance but were very close to the basic data.
Product Improvement In 1974-75 the financial position

cf the company was very bright, with a net profit of
Rs.38.6 lakh, The company started giving its attention
to areas like diversifying its tractor line, improving
the existing tractor by providing automatic depth cont-
rol systoms and making improvements in the following
arcas:

1. Improved bonnet

2., Rigid axle with improved suspension
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3. Improv.oment in electricel system
4. Improved quality for better look and greater
durability.

Till 1974~75 there were no scparate facilities for
developmental work and existing production facilities
were uscd. In view of the enlarged activities cenvisaged
for the R&D department the company approached the Indian
Overseas Bank for loan facilitics.

Organizing for Research and Development In 1975=76 the

company, for the first time, invested heavily in equipe
ment and machinery for research and development, &
beginning was made in the recruitment of personnel for
manning the R&D department,

A pcrson with 16 years experience in industrial re-
scarch in Germany and several years cxperience in R&D
management in a major heavy vehicles manufacturing firm®
joined the company as General Manager-Rescarch and De-
velopment.

The department was staffoed by highly qualified
persennel, Two of the senior managers including the
chief of R&D held Ph.D. degrees in their fields of spe-
cialization., The company has a poclicy of recruiting
generally M.Tech. degrec holders with experience in re-
search and development as section heads and either
M.Tech. or B.Tech, as Senior Enginecrs or Engincers
below the section heads. They adopted a functional
organizational structure with departments specialising
in; engine design, tractor design, system design, trans-
mission design, metrology, Prototype development, mate-
rials science and testing. The total staff strength of
this department in 1978 was 90 and was planned to be
increased to 150 by 1980,
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The obiective of the R&D department was to make
constant improvements in the products, develop the 35
h.p. tractor, makc Lmprovements in thoe existing model
in recsponse to fecedback from the ficld and reduce cost
by making dcsign changes. A value Analysis Cell was
planncd which would look into aspects of providing the
customer better value for thoe price.

R&D Capital Expenditure Systematic budgeting in the

conmpany was a very rcecent phenomenon. The management
was considering introduction of project costing" and
turning the R&D department in to a profit centrec.

The capital expenditurc on R&D is given below:

Year amount in Rs. lakh
1977-78 85,30
1976=~T77 1C.84
1975~76 60,25
1974-75 0.58

Major Oreanizational Changcs

When the present MD came to Eicher Tractors India
Ltd, in 1968 from Goodearth'Eﬁgines Private Ltd. he d4did
not have any official designation and it was left to
him to define his own role, He had an enginecring degree
from West Germany and being a technical man, for the
first few years he worked in the various technical func-
tions likec material procurement, vendor development, de-
sign of jigs and fixtures and Special purpose machinery.
Sclection of plant and machincry, production planning
and control and was later designated as Technical Advi-

ser in charge of all technic2l functions.
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Till 1975 the company rumained small and there was
nobody who could be called a good manager. By the end
of 19274 the production volume hod reached 100 tractoxs
per month and it did not increase further. Some mana-
gement congultants was contacted to 1ook inta the ope~
rations., They identified the source of the problaem
to be lack of adegquate managerinl personnel, So in
April 1975, threc General Managers were appointed in
Finance, Works ané Matcerials with three officers at
the middle managemznt level and some at the junior
levels. The change was dramatic. By September the
production level increased to 150 tractors per month,
by Deccember 180 and thereafter to 250 tractors per
month without any input in terms of machinery and eguip-
maent,

With the increasc in production it came to be noti-~
ced that the suppliers werce not maintaining the required
gquality. In September 1976 the now MD suspended produc—
tion for a weck initially and then extended it to =
month., The time was spent on sorting out all gquality
problems—vendors within the plant, deciding on critical
tolerance, developing proper contrel systems and so on,.
The company lost on production. fer two or three months
but thercafter therce was o steady incrcasc.

Changes werce maode in the merketing organization
alsoc, In the earlier set ﬁp Ysales" and "“servicz"
operatad independently and were coordinated only at the
level of the Dircctor-Markceting. Howcver, as the market
became more and more competitive and more and morc re=
ports of ficld prablems came pouring in, the management
realized that a customer oriented marketing department
was cssential for the organization's success.

In 1976 the marketing set up underwent a radical
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change, In the noew structure the s-les and service:
representative was given the responsibility for the
sales as well as service in a particulor territory.
In addition to reporting to his immediate supericr,
the Arcs Officer reported functionnlly to the service
Manoager. In this set up an cttempt was made €0 Integ-
ratc sales and scrvice ot all levels.

Systematic analysis of warrantly claims was intro-
ducced anc cocrdination machanisme to look into these
arcas were doveloped. Weekly Worrantly Mccting were
held between representatives of production, materials,
quality control and service departments to dedl with
routine warranty and quality issucs.

For denling with critical issucs which involved
major investments to improve quality or major modifi-
cation in design of product, there was a coordination
mechanism at the level of scenier managers, and Director-
Faridabad, General Manager-Rescarch and Development, and
Dircctor-Materials.

In view of the expanding operations the company
deeclded to sct up an Enginc Plant at Alwar in Rajasthan.
The recgistration was for manufacturing 7500 cngines per
year, The company decided to phase out the installation
of capocity with 3,000 in the first phasc.

In November 1977 there was ancther reorganization,
A corporate office was created at Delhi to which the
managing Jirector, socretary, gencrai manager responsi-
ble for finance and other cxccutives concoern with
finance and EDP moved, Simultancously, various scenior
exccutives were designated as Dircctor, Paridabad,
responsible for the troctor plant at Faridabad; Direc-
tor Alwar Engince Planty Dircctor, New Project Division

for setting up and operating a new plant for 35 h.p.
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tractors and marketing manager for -he company's agri-
cultural markceting operations.

ITI A Modcl of the Technology Assimilation Process

Having discussed in detnil various aspects of
technology transfer in Eicher Tractors, wWe Now COncep-
tﬁalise the process Of assimilation. Technology assi-
milation at the enterprise level may be broadly under=
stood to mean the process by which tho members of an
enterprisc learn to uﬁilise the technology to produce
goods and scrvices. This term would incilude processes
by which organizations make decisions on; 1) Whether
to make/buy/impert of parts, componcents, raw materials,
machincry, ctc. 2) manufacturing technology, 3) type
of plant and machincry, thelr sources, cteoy 4) type of
infrastructure roquired including power, water, transe
portation, buildings, pclluticn-control, ctc, 5) type
of manpower required and the noturc of troining nece-
ssary, 6) organization structure, informotion systems,
and other management systems compatible with the
technologicnl posturc of the orgahiZQtion, and 6) new
product introduction, technology development and lmp-
rovement,

The term wecchnology assimilation" is an all en-
compassing., 1t may be possibf& to conceptually iden-
tify different sub=-proccsses which could be differen-
tiated by the nature of the dominant tasks related to
cach and certain other organizational paramcterse.
Broadly thc process of technclogy assimilations could
be conceived of as consisting of threc sub-processes;
1} technology adaptation, 2} technology utilization,
and 3) technology dovelopment, However, there may be
cortain differences in this classification depending

upon whother acquisition of technical capability takoes
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place through collaboration with scone forelgn manu-
facturer, national laboratory, an indigenous f£irm, or
through in-house research and development efforts.

In this paper we are coucefned only with the first.
In this context, technology adaptation implies minor
changes in the plant, equipment and machinery to ad-
just to the host environment. Adaptation, would also
involve possible use of indigenous raw materials, or
intermediate components or technology which ultimately
could result in cost reduction, better product utili-
zation by client because of a higher degree'or cCompa=
tibility with their nesds, improvement in gquality, etc.
Adaptation could be of two types: a) modifications of
the inputs required for producing a product according
to the design and specifications provided by the fore-
ign collaborator, and b) modifications of the product
design and the concomitant changes in the required
inputs. The former type of technology adaptation could
be dascribed as input-oriented and the letter as
market-oriented because of the difference in focus,
Understanding of know-how is important during this
stage, )

Technology utilization may be described as the
processes which cnables the ékganization to utilize
the technological infrastructure already established
by the entcrprise. It would involve the cperation of
the plant, organising supply cof raw materials, estab-
lishing production normms, quality ncerms and control
systems, institutionalizing production planning and
ceontrel systems, setting up of monitering and infor-
mation systems, designing and operating inventory
management system, and troubleshooting. It would involve

a greater attention to building an organizaticon and
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its operating systems. Learning tc manage the techni-
~cal organization is more importént‘during this stage.
Technology development is the last stage in the
assimilation process, During this stage, the organi-
zation devotes considerable energy to self regensrative
activities like updating the product technology and manu-
facturing technology. Technology updating may be possible
broadly, through two routes; a) collaboration with
foreign manufacturers, and b) in-house development,
If the former mode is adopted then the activities would
be more similar to those in the technology acquisition
stage, ItAwould not imply development of technological
capability within the enterprise which is the essence
of assimilation, For our purpose, therefore, we shall
consider the technology development sub-process as
synonymous with reliance on in~house research and deve-
lopment efforts, 'However, this does not mean that when
a firm reaches the stage of technology development it
never borrows know-how from others. On the contraty,
this stage only means that an organisation which is in
this stage is able to make very major technological
decisions on its own. It is able to decide whether it
requires help in the field of fechnology or not, it has
a strong R&D capability, it is able to buy the tech-
nology it requires and integrate it within its own
ongoing or planned R&D activities, and it is able to
integrate its R&D activities with the other relevant
functions because technology develeopment in isolation
may not pay dividends. For an effective technology
development activity within an organization there should
be flow of information from the market place to R&D,
interaction between manufacturing, quality contreol, and
R&D, etc. The focus here is on understanding "Know-
why",
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Technology Adaptation

Eicher Tractor India's venturc into manufacturing
was = response to the regulatory environment created by
the government. But the organizational capabilities
were inadequate tc the task facing the company., The
critical factor during the initial Years was the ability
to adapt the foreign technology to the local technologi-
cal environment., This was essential because of the
administrative pressure from the Directorate General
of Technical Development (DGTP) to hasten the indegeni-
_zation programme, The delay in getting the, import
licences for the CKD pPacka had serious repercussions on
the company's financial performances as the production
brogramme till the late 60s was almost‘entirely depan=-
dent upon the availability of the imported assemblies.
The coﬁpany continued to lcad a precariocus existence
till the end of the 60s, Whenever, they could obtain
an import licence for CKD packs, assembly operations
were carricd on and as soon as the CKD packs were ex—
hausted, work came to a stand still. The explanation
for this kind of situation that existed may be explained
by the lack of a technical leader in the organization,
The key tasks for the implementation of the pProject were

the design of a manufacturing Eystem geared to a small
volume, and the building up of the organization to
manage the engineering and manufacturing functicns.,
The constraints of the extremely small volume and an
accute paucity of funds imposed a challenge of the
highest order. The foreign collaborator's technicians
who had been sent to the Indian firm had not been able
‘to'design the system in the short period that they
were there. With their departure, there was a vaccum
in the technical leadership,
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In 1968, when the present MD took over the charge
of thc technical functions a new phase began in the
organization's history. He succecded in designing an
innovative manufacturing system which helped the organi-
zation came out of the difficult situation, The cri=-
tical steps that he took were the following:

1. Deciding to indigenize the tractor rapidly

throcugh own efforts.

2. Identification of plant and machinery compa=
tible with the produét reguirements, licenscd capa=-
city, funds position, and organizational capabilities,

3, Providing personal leadership for s0lving
many technical problems on the shop floor, or the

drawing boards.

4. Purchasc of some critical second-hand machi~
nery at very low prices. Though the technology was
obsolete, it matched product requirements, and the
.organization's fund position. o

5, Designing appropriate jigs and fixtures to
nde-skill" the opcrations in order that they could
do with less skilled workmen who could be retained
at wages lower than what would have been required for
highly skilled operators.

6. Designing simple matefial handling systems to
reduce capital costs.

7. Setting up of a team of engineers to design
some of the more critical machines in-house which
were very expensive, The MD provided considerable
technical help to this team. This step not only help~
od reduce capital expenditure but also aided immensely
in the building up of technological capability within
the organization.

8, Some of the "frills" on the tractors were re=
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moved to reduce tha manufadturing cost further,

Once these tasks were performed there was a con-
siderable'improvement in overali production performance,
The crganizaticn during this stage was very informal,
Formal mechanisms for coordination and contrel had not

been developed., The technical leader waes closcly in-

volved in performing the key tasks during this stage.
He also played the rola of the integrator of the vari-
ous teams.

The case of Bicher Tractors India Limited brings
out very clearly the complexity of the process of tech-
nology adaptation in a typical developing cuntry like
India, Lack of resourccs; abscnce of technical oapa~-
bilitiecs and a hostile énvironmcnt impzde the process
of assimilaticn of foreign tecchnology. However,
simplicity of product technology and its compatibilicy
with the host technological environment facillitate its
asgimilation by the technology importing crganization.

Technology Utilization

With the identificatification and performance of
the key tasks during the technology adaptation stage,
Bicher Tractors entcered a new phase in its .history,
Production started increasing and within a period of
three years all the accumalatd®id losses were wiped out,
However, a new set of probiems emerged as production
could not ke increased beyond a certain level,

The company used the services of a management
consultant to identify the reascon for the low produc-
tion level. The consultant recommended strengthening
of the organization by placing profcessional managers
at key positions and also impfovements of various mana-
gement systems, With the implementation of these re-
commendations there was a dramatic improvement in pfb—

duction performancea.
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Major organizational changes wore initiated duriné
this stage. To improve cuality levels, the management
thought it neccssary to have rapid market feedback and
fast action on ficld proklems. To develop this capa-
bility in the organizotion the marketing department
was restructured to develop closer contact with the
customers and zlso to develop a higher degree of spe-
cialization within sub-functions. To improve the co-
ordination between marketing and cother technical func-
tions, various coordinating machanisms werc instituted-

The key tasks performed by the top magagcment
during this stage werc:

1. Induction of professional managers at key
positions,

2. Development of Gecision making capability at
© relevant levels in the organization,

3. Creation of some specialized decision making
units within the organization,

4. Development of some formal integrating mecha-
nisms.

5. Defining =2 set of policies in inter-related
functional areas and

6. Development of appropriate management systems.
Technology Development ‘
With the change of the market conditions from an

absolutcly scllers to an increasingly buyers' one
there was a folt need in the top management for de-
veloping an incrcased marketing orientation, This was
excmplified by the drastic step taken by the company
to stop production for a month to give attention to
quality problems. This was the precursor to the next
stage; technology development,

With substantial improvement in its financial
position by 1974~75, the top management directed its
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attention to improvement of existing preducts and de-
velopment of new bproducts, A scparatc R&D centre was
Set up with relatively subgtantial investment in foci-
lities. Sub functiocnal specialization was also encou-
raged by including specialists in engine design, farm
machine ery, transmission, machine tools, clectrical
machines, metrology, and matcrial science, These
steps were taken to create an environment within the
organization for the development of know-how for the
company's future expansion and product diversification.

In addition to the creaticn of o scparatc R&D  «
centre the marketing function was strengthened by im-
proving communication channecls, integrating sales and
service territerially, formalising links with relevent
areas to look 1nto issues related to product quallty,
cte., which were nocessitated by the increasing come
petitiveness of the market, _
ITIT gomc implication for Government Policy

The casc of Eicher Tractors raises a number of

issues about import of technology and industrial policy
in general, This is very relevant in the context of
the recent liberalization of government policy, Based
on the case study rcportcd earliecr and o}her rclevant
studies we explore some implicaticns fbr policy at the
naticnal level,

Policy ocn Import of Technology

The government's attitude towards forcign invest-
ment and collaboration was very favourable +ill about
-the end of the 60s. As A result of this, a large num-
ber of collaboration agreements were signed around the
‘beginning of the sccond plan till the mid 60g. The
government favoured minority forOLgn equity participa~
tion to provide for the fore cign exchnngb component of
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the project cost. Towards the end of the 60s, however,
the government initiated o policy for selcective forcign
investment and collaberaticn depending upon the merit
of each case. The change in attitude alsc found ex~
pression in an nttempt to reducs the various costs ine
volved, -

These changes in policy towarde forelgn invest-
ment and collaboration were reflected in the type of
forcign collaboration agrecments enterced inte by the
firms in the tractor industry. 8 Eicher Tractors and
International Tractors which entercd into foreign
collaboration agrocements in the period 1959-61 had
minority forecign equity participation, the duration
of the agreement was 10 years, and the managerial cont-
rol was vested in the Indian £irm as gtipulated by
the QCVGrnment. Escorts had o licence agrcement with
a polish manufacturer for a reletively obsclete product.

HMT and Kirloskar Tractors entered'the industry
during 1¢71i-74, Both the firms entered into purc tech-
nical collaboration agreements ~nd the durntion of
royalty p ayment was five years from the commencement
of production, A significant feature of the collabo-
ration zgrccients was that the mamegerial control over
operations essentially rested with the Indian partner
gven in the cases where there was eguity participation
by the forcign collaborator. Alsco the Indian partner
had the option to moke adaptations to suit local con=-
S ditions if found necessary. However, this can not be
generalized with regard to all the firms in the trac-
tor industry.

Another interasting feature was, firms like Inter-
naticnal Horvestcer (IH) and Klockner Humbeoldt Deutz
agreed to collabornte with Indian f£irms at the torms
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and conditions spccified by the Government of India.
For cxamplc, when Mahindra & Mahindra Ltd, cecllabora-
ted with IH,'the latter was amongst the leadlng manu-
facturcrs in the world, having about 55 pcr cent of
the market share in India. In fact, for IM it was the
first timc that thcy went in for a minority capital
participation in a collaboration agreement, When Kir-
loskhar Tractors Ltd. signed the agreement with Klock-
ner Humboldt Deutz the latter's product was acknow-
ledged as one of the most sophisticated in terms of
technical parameters, likce fuel gfficiency and hydrau-
lic lifting power. However, in this case also the
foreign collaborator agreed to collaborate for a
shorter period of royalty payment, though with a re=-
latively high lumpsum fee.

It is possible to conclude that for these foreign
collaborators the involvement with Indian firms dove-
tailed into their global strategics. The maturity of
the agricultural machinery industry in the advanced
countrics and the increasing competition faced by these
firms were instrumental in their making changes in
their eastablishee policies. Onc also has to sce this
in the light of the technological skills developed
within the country and the Indian firms' technological
capability.

The analysis showed that the better the match bet-
ween technological decisions and the firms' environ-
ment and resources and distinctive competence, the
faster is the process of assimilation, The tractor
industry spanﬁed a continuum of technological sophis-—
tication. At the lower end of the spectrum the pro-

- cess of tecchnology assimilation wos found to bec casier
even with low technological capability within the firm
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- whereas at the higher end the process was found to be
very strenuous cven with considerablce technological ex-
pertisc within the f£irm,

An important implication for public poclicy would
be thot developing nations could match their technology
search process with the stage of the technology in its
life eyele in advanced countries along with its own
level of industrial develeopment to have a strong bar-
gaining position in foreign collaboraticn negotiotions.
In the ecarly stages of development a developing natioen
could dircct its search for technology to the more
maturc industries so that the process of technology’
assimilation would be comparatively easy. With proge-
ress in economic development the search could be di-
rected towards more sophisticated areas.

Policy on Encouraging Innovation

The analysis in a provious section suggested that
though governmental policies had considerahle impact
on Eicher's cholce of manufacturing toechnology there
was still much leeway for the company to develop tech-
nology stratcgics which could be uniguely related to
its resources and cap abilities. The industrial li-
censing system limited plant size in the tractor in-
dustry to 1 : 25 at the minimum cnd "of the spectrum
and 1 : 5 at the maximum in relation to manufacturing
capacities in the advenced countries. However, in
spite of such disadvantag&s even the smallest firm,
Eicher, could compete successfully with the largest.
During the period 1973-77 Eicher India's market share
increased from 4.1 per cent to 9.1 per cent in compe=-
tition with the much larger companics in the industry.
The critical factor in the success of the smallest f£irm

was its innovetive capability in designing a plant to
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achive low manufacturing cost ot extromely small vol-
umcs. Rcelated to this was its deliberate decision to
go for indigenous machines to reduce cepital invest-
ment, An impcrtant issuc for public policy in deve-
 loping countriecs is how to cneourage firms to be inno-
vative in thelr manufacturing poligy choices and at the
same time.aid the development of the machine building
industry. 9 It geems that entrcpreneurs arc often
blind to the range of possible technological options
available tc them, This maf happen because of some
kind of dependency syndrome vis-a-vis the foreign
collaoborator. The government may play an active role
by providing technical help through technical consul-
tancy scrvices, which may be critical to entropreurs

as scen in the cose study reported here, Innovative
technological bochaviour may be encouraged by providing
some financial incentives or penalizing those who would
like to depend on collaborator's technology and im-
ported plant and machinery totally. It was obscrved

in the case of Eicher that lack of professional manage=-
ment skills was a limiting factor during the technology
utilizgation stage. Developing countrics ccould develop
institutional mecchanisms to provide management consul-
tancy services tc young cntreprencurial firms. Per-
haps the financial institutions and industrizl devclop-
.ment agencies could play an import-nt role in the
development of menagement capability. Also important
is a technological orientotion of the top management

. in firms whose busincsses are basced on complex tech-
nologics.

Policy on Industrial Licensing

The governmcnt's cconomic and regulatory policies

had = pervasive influence on the development of the
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tractor industry. Though from as carly as thc 60s, the
government attempted to motivate the industry in gene-—
ral to coﬁmit resources to R & D through tax conccss—
ion, there was little cEfort made by the tractor firms
in that dircetion. However, when the tractor industry
was suddenly faced with compctitive forces, therc was
a qualitative shift in théir attitude townrds R&D.

The bchaviocur on the part of the individucl firms in
the tractor industry under consideration show that
competitive forces arc cssential to force the firms to
make a transition to market oriented technical change.
This hns important implications for industrial 1icen-
sing in the country.

The manufacturing performance of the tractor
firms over almost two decades has shown that cven
though thc¢ capacitics allcoted to individunl f£irms
were very small as statced by the man~gement, thoe capa-
city utilization in the industry waos not high, thus
creating a gap botween growth of demand and supply.
This brings us to the point thet even if the govern-
ment had alloeated the total plant capacity to very
fow firms in order thot they would be able to achicve
considerable cconomics of scale, it is highly unlikely
that they would hove inst-1lcd theitr licensed capacity
at one shot because that would meant extremely high
manufacturing cost at low volume. The technological |
bchaviour of the firms reveals a process of incremental
capacity instzllation to match perceived increase in
demand. One might argue that the firms could have sct
up a lnrgo capacity at onc shot, in order to export the
larger part of their production. However, thc authors
feocl that these firms would not have been in a posi-

tion to compctae with the major manufacturcrs in America
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and Burope as they had a long way to ¢go in ocquiring
technological .competence,

Howcver, an cxport strategy could have been formu-
lated with active support of the forcign collaborators,
which would haove implicd giving them considerable cont-
rol over operatians., It is doubtful whethor managerial
control over opcratidns could have been left to foroign
collaborotors when onc considers the political environ-
mené then éxisting in the country. Considering thesc
aspects of policy making in this country, it scoms that
one way by which compctition could be intrcduced would
be to allow a numbcr of companies to enter the indust-
ry to creatc competiticn,

Policy on Export of Technical know-how

Many of the multinational corporations in agricul-
tural machinery busincss have discontinuced manufacturer
of Small ond medium h.p. trocteors and hove shifted to
the larger oncs. Indian manufncturcers, whoe are opcerat-
ing in this range have a definite strength from the
point of view of thc possibility of export of complete
tractors to the less developed ~mongst developing count-
ries.

Howcver, coven gre=tecr strength lics in the arca
of tcchnoleogy cxport to the LDCs. The meonufacturing
technology of the Indian firms has cost cfficiency at
extremcly low volume, and also involves substantial
lower capital investment in plant and mnchinery and
promiscs higher employment, Indisn technologists in
the tractor firms have acquired considerable skills in
adapting and indigenising importced technology to locel
conditions and hove also acquired managorial skills in
operating in a highly recgulated environment, Consi-

dering these aspects. Indian trector fims are in a
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“very strong pesition vig-a-vis firms in advanccd
countrics to cxport techneology to less developed count-
riecs. The government and the tracter firms could
collaborate in identifying such developing countrics
where tochnology could be exportec. There could be
congiderable scope for technology‘qxport in the cone-
text of a growing tendency ~mongst developing nations
to become technologically scif-rclient.



37

1. V.C. Chitnle, Foreign Toechnology in India, Now

Declhi, Economic and Sciontific Recscarch Foundation,
1973, .

2 Ashok Parthasarfhi, "Indiats Bffcorts to Build
an Autonomcus Capnacity in Scicnce and Technology for

Development”, Development Dialogue, 1979:1

3. D.M. Trivoedi, "Design for o Technological Policy",

Design for o Technological Policy Chemical Processing

and Engincering annual Number (New Delhi 1970) P.8
4, Jack Baranson, Mapufacturing Problcems in Indias

The Commins Diescl Expericnce, New York: Syranusc

Univcrsity Pross.,.

5. K.K. Subramanian, Import of Capital and Tcchno-
logy, (Mew Deihi : Pcoples Publishing House, 1971)
6., Proful Bidwai, "Tolcher Plant is Unviable®,
Times of India, May 4, 1984.

7. Bharat Bhusan, "The New Deal" Busincess India,_
May 9-22, 1983,
8. shekhar Chaudhuri, Acguisiticn hnd Asgimilaticn

of Technology in the Tractor Industry in India: The

Stratcgic Prospective (Unpublished doctoral disscr-
tation, Indi~n Institute of Management, Ahmedabad 1980)

9. Ron Matthews, Industrial Straotegy and Tethnologi-

cnl Dyonamism in Machince Tool Manufocture : Compara-

tive Pergpective on India and Japan Lund : Rcgscarch
Policy Institute, 1982, PP 2-4,




PrfreTTLD

ARREGYAL

GRATIS ! EXCHANGE— da,[.(m
leégwdx é Rublicaty
Cernat HRE

PRICE

ALC ND.T

VIKFAM SARABMAL LIBRARY
LM AHMEDATAD,

3

[OpE— "

st -



