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PREFACE

This report and evaluation of a project to assist in establishing
an industrial tribology centre at the Indian Institute of Techno-
logy in Delhi has been prepared for NORAD and its counterpart in
India. The findings and recommendations are based on fact
finding missions in India in July, and in Norway in August 1981.
A summary of the background, our major conclusions and recommenda-
tions appear in the Executive Summary. For anyone who is not
familiar with the Centre, we recommend a reading of the report
from an evaluation mission sent by NORAD in 1976, before the
decision was taken to provide assistance. The contracts between
the various parties involved in the project provide additional
information. In the appendices we have provided detailed
information on various critical resources and elements of rele-
vance to the establishment of the Centre. The appendices also
give information on the engineering education, and research and
development in India, to provide the reader with some under-
standing of the environment which affects a technological centre

located within an engineering institution of higher learning,.

September 7, 1981
Gothenburg and Lund, Sweden

Delhi and Bangalore, India
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EXECUTIVE SUMMARY

Objectives

A major objective for the Joint Indo-Norwegian Evaluation
Committee (JINEC) was to assist NORAD in making the decision
whether Norwegian assistance to the Industrial Tribology,
Machine Dynamics and Maintenance Engineering Centre, ITMMEC,
at the Indian Institute of Technology in Delhi was to continue
and make recommendations on requirements for possible further
assistance to the development of the Centre. The Norwegian
assistance is given under Project IND 014 which also regulates
the relationship between the Centre and the Norwegian partner
— The Foundation for Scientific and Industrial Research at the

Norwegian Institute of Technology (SINTEF).

The Centre has been established to serve Indian industry in
the area of industrial tribology which has a strong focus on
problems related to bearings, lubrication and wear and more
generally to maintenance and the reliable functioning of com-
plex industries. We have sought to determine, whether there
is a demand for the kind of services which the Centre can pro-=
vide, considering the immediate need in Indian industry. We
have also considered the demand for sponsored research of a
more general nature, industrial training programmes and also

more academic activities, although geared to industry.

Having established the demand for the services which the Centre
can potentially provide we have analyzed initially the resources
available to the Centre and studied its present mode of oper-
ation and need for changes. The Centre has come into existence
through a close collaboration with an industrial research centre
in Norway and during our work in India we realized the necessity

to scrutinize the resources and activities of the Norwegian

counterpart.

In addition to the more fundamental objective we were also, as
specified in the terms of reference, asked to provide answers

to more specific questions regarding the Centre and its relation-
ship with SINTEF.
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Activities

During a three week period of field visits in India we had
discussions with a number of private and state owned companies,
research institutes and government agencies. We had extensive
discussions with the personnel at the Centre including 1its
head, Professor J. P. Sharma, and also with leading personnel
of the Indian Institute of Technology, New Delhi. Another ten
days were spent in Norway and Sweden visiting industries 1n
order to gain a better understanding of the needs that an indus-
trial tribology centre can serve, the tribological activitiles
in Scandinavia and the usefulness of links between industry and
research institutions. An important part of this second period
was spent at SINTEF, meeting the people who are responsible for
the relations with the Centre in India. A significant portion
of time was in both India and Norway spent on reviewing the
achievements of the Centre as well as the effectiveness of

cooperation between the twoO partners.

Summary of findings

ITTMEC will not serve the original objectives set up for the
Centre unless action is taken to influence major activities

of the Centre. The JINEC team has indentified a number of
shortcomings in implementing the Project and it must be
realized that both sides have ' contributed to the partial
failures. The reasons are to be found in areas such as leader-
ship, understanding of critical elements of the Project and
occasional incompetence. These comments are made with the aim
of bringing the Project to fruition, and must not overshadow
the fact that the Project has been successful in building up
considerable infrastructure facilities at the Centre which is
not altogether an easy task. However, the Centre has now
reached a stage where it is absolutely necessary to formulate

a strategy which will guide the Centre and its partners towards
meeting the objectives originally spelled out. The need for
remedial action is not limited to the Centre itself, but is
equally important for its Norwegian partner and our findings

have consequences for NORAD as well.



We have come to the conclusion that there is a basic need for
the services of an industrial tribology centre like ITMMEC.

It is our belief that the Centre can meet a significant part

of that need through industrial training, eventually 1in
industrial consultance, in research and generally as a catalyst
in creating an awareness and understanding of the problems in
industrial tribology. This will, however, require major changes
at the Centre. To achieve these we strongly recommend that a
phase oriented strategy be formulated as outlined in chapter 7
on conclusions and major recommendations. This will, among
other things, include a plan to build up competence area wise
taking into account the available infrastructure, the immediate
relevance to industry and the time factor. The strategy should
also include a plan for equipment procurement to avoid dupli-
cation and bias towards research orientation. In addition we
strongly suggest that changes are implemented for the Centre in
the following four areas: management, organization, training
and specialization towards industry, which are all discussed in

some detail in chapter 6.

When viewing the establishment of the Centre as a joint project
our findings have prompted us to conclude that the responsibili-
ties for the shortcomings in the development of the first phase
must be shared by the Norwegian partner. We suggest that the
future involvement of the foreign partner - assumed to be SINTEF
- is redirected towards not only providing technical assistance
in the narrow sense, but - more important - giving guidelines
and provisions for assisting the Centre in building up its
competence in management, project leadership and analytical
capability to identify the needs of Indian industry which can

be met by the Centre. However, the final accountability for

the management of the Project rests with NORAD, and should not
be delegated to SINTEF, to avoid the present situation with
SINTEF playing dual roles in the Project.

In a final chapter we have summarized, under separate headings,
those observations which we consider to have general applic-
ability to high technoloay projects involving technology trans-

fer and foreign development assistance. We would in particular



l1ike to stress the importance of the initiation and planning
phases where, with the wisdom of hindsight, a number of obvious

omissions can easily be identified.

Our findings reveal serious shortcomings both 1in the development
of the Centre, yet to become a fully operational industry-
oriented Centre, and in the administration of the Project. We
have come to the conclusion that it is possible to redirect the
Centre in its second phase of development along the recommend-
ations outlined in the chapters 6, 7 and 8 which also discuss
required changes in the Project. Given the real need in India
for the services potentially available from the Centre, we
recommend that additional resources are provided to the Centre
and that NORAD assistance is continued, on the assumption that

our recommendations will in the main be adhered to.



l. PREAMBLE

1.1 Appointment of the Joint Indo-Norwegian Evaluation Committee
(JINEC)

In a meeting held with a Norwegian delegation and the Indian
counterparts in October 1980, it was agreed that a review

of the Project (i.e. the NORAD aid to ITMMEC) should be
undertaken in 1981. The Ministry of Finance, Department of
Economic Affairs, suggested that the review should be under-
taken by a joint team of experts consisting of members

appointed by authorities in Norway and India.

During May - June 1981, NCRAD and the Government of India

appointed the following participants in the evaluation team,
JINEC:

-~ Assoc. Prof. Jon Sigurdson, Team Leader
Research Policy Institute

University of Lund, Lund, Sweden

- Assoc. Prof. Ove Granstrand

Chalmers University of Technology
Gothenburg, Sweden

- Prof. L.S. Srinath
Department of Mechanical Engineering
Indian Institute of Science

Bangalore, India

- Shri Ajay Kumar Raman
Divisional Manager R&D
Scientific Research Centre
Escorts Limited
Faridabad, India

The evaluation task was carried out in July-August 1981.

The evaluation team, JINEC, acted as an independent group.



Terms of Reference

The complete Terms of Reference is given in Appendix I. The

following is a condensation of the tasks given to JINEC:

1.2.1 To outline the structure of objectives for the Froject

in light of higher order policies for Indian industry

and foreign aid to R&D,

1.2.2 To assess the mutual fulfilment of contractual

obligations,

1.2.3 To evaluate the establishment of ITMMEC with respect

y 5 6 31

How independence and self-reliance can be secured,
Recruitment,

Assistance of Norwegian expertise,

Training of Indian experts in Norway and elsewhere,
Equipment,

The setting of priorities,

The outer organization of the Project (i.e. the
triangle NORAD - SINTEF - ITMMEC),

The inner oraanization of ITMMEC,

The role of SINTEF.

1.2.4 To analyze the relations between ITMMEC and Indian

industry regarding:

The viability of developing parallel activities of
interest for rural industries and semi-industrial

sectors,

The likelihood that ITMMEC, once fully established,

will be successful in serving Indian industry,

The past and future involvement of incdustry in
defining the activities of ITMMEC,

Shortcomings and proposals for establishing

cooperation with industry,

The value of industrial workshops initiated by
ITMMEC,



- The viability and consequences of involving Indian

industry more directly in the financing of ITMMEC.

1.2.5 To give recommendations regarding the continuation of

the Project.

Concepts

The following concepts and definitions are central in this

report:

Tribology: Stands for the science and technology of inter-

acting surfaces in relative motion.

Industrial Tribology: Stands for a wider definition of the
technology which has to do with design of mechanical products
and equipment and their operation and maintenance with the
aim of conserving material resources through a reduction of
wear, conserving energy through a reduction in friction, and
an increase of the economical operating life of equipment as
well as increased standards of product reliability and
personnel safety. Thus this wider connotation of industrial
tribology, which is adopted in India, covers much of main-
tenance engineering, which is sometimes called terotechnology.
In this report 'industrial tribology' or tribology for short,

will be used in this wider meaning.

Research: Research in this report is taken to include

development work as well.

Self-reliance: This is not to be interpreted as self-
sufficiency in procuring technological knowledge oOr services
but rather the capability of not having to rely on external
(foreign) assistance (financial and manadgerial) in such a

procurement.

Independence: This is taken to mean the capability of
sufficiently supplying technological knowledge and services
from each of several foreign sources or from an indigenous

source.
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Rural (village) industries: Industries in rural (village)

rees—pp————— W O W W ————— T —— —— — — —

areas. To be distinguished from small scale industries.

Network concept: Stands for the inter-organizational set-up
of collaborative relations between various R&D units in a
particular field. In this network, coordinative oOr communica=

tive responsibilities may be assigned to certain R&D units.

Method
The method adopted has involved:

- Document studies (see List of Documents))

- Interviews with representatives from industry, academic
institutions and government bodies (see JINEC
Program, )

- Hearings with research groups of ITMMEC and SINTEF, K course
attendants and senior managers,

- Evaluations of ITMMEC and SINTEF (as far as industrial
tribology is concerned) made by outside researchers and

industrialists.

Questionnaires in general were ruled out since ITMMEC had so
far not established itself in India. However, 1in retrospect,
it seems that questionnaires to industry could have been a
complement to interviews in assessing priorities for equip-
ment and problem areas based on industrial needs. (Such a
survey was made in 1972, but did not result in establishment

of explicit priorities.)

The selection of companies for visits and interviews were
made on the basis that all industrial sectors to which
tribology is most relevant should be covered. The sample of

companies was chosen in a semi-structured way. Also the

interviews were conducted in a semi-structured way.

In using a joint team for evaluation, the composition of the
team is crucial. The experiences in this respect are pre-
sented on p. 76.
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Assumptions and limitations of the report

The following assumptions have been made:

1.5.1 Foreign assistance is needed and welcomed by India
in new, emerging technologies or in filling techno-

logical gaps.

1.5.2 Part of NORAD's aid to India should be used for pro-

jects involving advanced technology.

The following limitations pertain to this report and the

results presented herein:

1.5.3 No in-depth survey of industrial needs in the field

of tribology has been undertaken.

1.5.4 No comparative analysis, including other centres in
India, was done in order to find out the necessary
requirements, and limitations, in establishing a

high technology centre using development assistance
from abroad.



2. HISTORY AND CONTEXT OF THE PROJECT

2.1 Background and chronoloay of the Project

The chronology of the Project is shown in Ficure 1. The
build-up of resources of ITMMEC is shown in Appendix. (See
also p. 27.) Section 5.2 gives the historyv of SINTEF

involvement in the Project.

g

A short, and necessarily sweeping, review of the context of
the Project is perhaps in order. India has a large domestic
and international market for her industrial output. At the
same time, she 1s rich in natural resources, skilled man-
power and low-wage labour. India today has the world's third
largest stock of scientific and technical manpower, after USA
and USSR. The technology procurement strategy has to a
considerable extent been geared to joint ventures with
foreign partners, which may be contrasted to a pure license
acquisition strategy as adopted by Japan. Since the 1970's

an increasing emphasis has been laid on the build up of
indigenous R&D, often concomitant with.phasing ocut foreign
partners. Varicus industrial sectors and technological fields
are gaining priorities in this transitory stage. One field,
which has gained recognition, is industrial tribology and
maintenance. This area is often neglected both in developed
and developing industries thus presenting large pay-offs for
problem solving. The recognition of the importance of
tribology and maintenance is now (1981) wide-spread in Indian
industry, although the term tribology is not always used. The
build up of various indigenous capabilities in industrial
tribology and maintenance takes place at different locations
in the economic system. Such capabilities recard identifi-
cation and diagnosis, trouble-shooting, design, research and
development. Locations for build up include industrial
production, design and R&D departments as well as collective
R&D institutes, university centres and departments and
national research laboratories. A partial list of Indian
resources in industrial tribology is given in Table 1. Thus,
a situation has been created in which the network concept
apply. However, it is important to realize that no single unit
in this network can serve the whole industry or even a whole

sector or state in the area of industrial tribology and



TABLE 1
TRIBOLOGICAL ACTIVITIES IN INDIA (PARTIAL LIST)

Name of Institutions where Industrial
Tribology & Maintenance Engineering
Research (R)/Development (D)/Consult-
ancy (C)/Teaching (T)/Industrial
Services (IS) are carried out and

Industrial
Tribology &

Short-term courses for Industries its associated
(SI) as long term goal subject Maintenance
1. ITMMEC, IIT Delhi ReD, C, T & 1Ib ST
2 IIT Madras C & T & R T & R
3. IIT Bombay T & C Nil
4, IIT Kharagpur T & R Nil
5. IIT Kanpur T & R Nil
6. IISc. Bangalore T & R -
7. MN Regional Engineering
College, Allahabad T -
8. M A College of Technology,Bhopal T -
9. Regional Engineering College,
Warangal T >
10. Centre of Plant Engineering
Services, Hyderabad C; I8 &1 SI & IS
11. Central Mechanical Engineering
Research Institute Durgapur R&D, SI -
12. National Productivity Council EX ST & IC & IS
13. University of Roorkee T&R Nil
14. Regional Research Laboratories,
Trivandrum R&D -
15. TISCO Jamshedpur | R&D IS
16. Research & Development, Steel
Authority of India, Ranchi R&D =
17. Bharat Heavy Electricals Ltd.
Hyderabad R&D -
18. Engineers (India) Ltd. - L3
19. Ahmedabad Textile Industries
Research Association = SI
20. Indian Institute of Petroleum,
Behradun R&D ~
271. Research, Design and Develop-
ment Organisation of the Ministry
of Railways, Lucknow R&D



maintenance. Also it is likely that not only the average
level of competence in an industrial sector is increasing,
but also the inter- and intra-sectorial differences in levels

of competence are increasing.

In this context, ITMMEC has come into existence as one out
of several locations for build-up of an indigeneous
capability. It has come into existence through a particular
mode of technology transfer, the set-up of a joint venture
with a foreign partner, SINTEF, co-financed by NCRAD and

IIT - Delhi (through the respective governments). The agree-
ment was initially for cooperation during 1978-1981 with
NORAD/SINTEF providing equipment and training and IIT/ITMMEC
providing personnel, management and infrastructure.

The joint venture has been labelled Project IND 014. The
chronology of the Project is given in Figure 1. It should
also be noted that ITMMEC was not created in a vacuum. TO a
large extent the Centre was inbred in the Department of
Mechanical Engineering at IIT, Delhi. Dates for core staff
recruitment is given in Appendix X. The fact that 3 persons
has acted as Head of the Centre within a short time 1s

noticeahle.



FIGURE 1

CHRONOLOGY OF PROJECT IND 014
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"The First World Conference on Industrial
Tribology" arranged at IIT, Delhi in Dec.
Discussion about cocperation SINTEF-IIT.

LGT2

First request from India tc Norway about assi-

stance in setting up a centre for tribology
1974.

Detailed proposal in Nov. 1975 from Dept. of
Economic Affairs and IIT, Delhi, to NORAD akout
aid in setting up ITMMEC.

NORAD-delegation visits India in Febr.-March
1976." Supports proposal in April 1976.

LI FF.

Operation of the Project started formally
1978.01.01. .
NORAD-SINTEF Contract signed Jan.-Febr. 1978,

Indo-Norwegian Agreement signed Nov.

13 mill. NOK increased to
in Jan. 1979.

Original funds,
18 mill. NOK

Agreement on joint evaluation in October 1980.
Evaluation by JINEC in July-Aug. 1981.

TRIBO-MAINT international conference at ITMMEC
Dec. 1981.
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2.2 History of equipment procurement and reasons for time and

cost overruns

A main unplanned change during the course of the Project so
far has been the time and cost overruns regarding the build-
up of equipment at ITMMEC. The Indo-Norwegian Agreement of
2nd November, 1977, for the establishment of ITMMEC envisaged
supply of equipment worth NOK 7.3 million out of total
Norwegian assistance of NOK 13 million for the Project.

Due to late starting of the project, escalation in the cost
of equipment; change in design of equipment as per Indian
conditions etc. Norwegian authorities agreed to an upward
revision of the equipment component from NOK 7.3 million

to NOK 12.3 million thus increasing the total Norwegian
assistance to NOK 18.0 mill. The assistance was phased

over the 4-year period 1978-1981l.

The chronology has been as follows:

1977 The agreement was signed in November 1977.

First comprehensive list of equipment prepared.

1978 The operation of the project began in 1978. By July/
August letters were sent to collect specifications
of equipment available at that time in the market.
By the end of the year, evaluation of specifications
of the equipment started at SINTEF,

1979 Tt was then estimated that if all equipment were
delivered by 1980, the total cost of equipment would
be NCK 13 million.

A request was then made in 1979, and an additional
amount of NOK. 5 million was approved. The phasing
of the capital for procurement of equipment was

tentatively made as:

Year 1979 Year 1980 Year 1981

NOK 4.38 mill. NOK 3.554 mill. MOK 3.550 mill.

The actual tenders were then called for by SINTEF-

Norway, for procurement of these equipment in late



1980

1981

1979, as per the above phased budget, and some equip-

ment were then delivered.

The prices then started escalating and this upset the

equipment budget.

The equipment cost estimate was then reviewed agalin
in July 1980, and it was observed that all approved
equipment would cost around NOK 18-20 million.

The manufacturers agreed to deliver the equipment by
1982, provided orders for all the equipment in
principle were placed by 198l. But no guarantee was
given if the orders were placed beyond the year 1981.
This would then demand further upward revision of the

cost of the equipment.

All year-wise procurement lists revised once 1981-82
requirements were made firm. Additional requirements
of NOK 11 million, conceived at ITMMEC.

The reasons for the hike 1in equipment cost have been
attributed to:

1) Delays in the operations of the Project have made
initial price estimates Oobsolete, due to inflation

and the introduction of new models of equipment.

2) Elaborations of equipment lists during the course
of the Project revealed that an upgrading of the
gquality of equipment and more spares were necessary.
This was recommended by SINTEF.

These two reasons roughly account for equal parts of
the cost hike.

The delays in equipment procurement and installation

have been attributed to several reasons, such as:

- The amount of international communication involved
. Slow response by suppliers

» Non—-availability of technical and supplier information
. Price fluctuations during negotiation stages

. Damages during transit



. Problems with insurance, customs clearance etc.
Routing of eguipment over SINTEF

. Lack of service and installation capacity.

As an illustration a specific case is gilven below.

The case of procuring the GC/MS equipment.

In summary the procurement of the Gas Chromatograph/Mass

Spectrometer, GC/MS, had the following features:

1) A GC equipment was conceived of as an item on the 1979

2

3)

4)

5)

list of equipment to be procured at ITMMEC. This list was
made by ITMMEC and was received at SINTEF in 1978. The
cost was initially estimated to 150.000 NOK to be paid
by NORAD. In June 1979 Prof. Sharma suggested to SINTEF
that this item on the list to be chanced to a GC/MS. The
decision as to type of equipment was taken by the Indian

side, mainly Prof. Sharma.

GC/MS is an expensive instrument with applications toO a
large extent falling outside the field of tribology.
There are GC/MS equipments available at other places in
India, prmbably also at IIT, Delhi.

The competence in using GC/MS as well as a GC/MS was
outside the Machine Design part of SINTEF but in the
chemistry part of SINTEF/NTH.

Decision to procure taken in early Autumn 1979. The pro-
curement procedure from call for tenders by SINTEF in
Oct. 1979 up to decision on supplier and order took 8
months, in 1979-1980, which when going 1nto detail was not
abnormal considering the complexity of the equipment and

the amount of international communication involved.

In the process of visiting suppliers, Prof. Sharma was
personally active while the main work, of call for tenders
and additional visits to suppliers and their demon-
strations (e.g. JEOL in Japan) was carried out by Mr.
Gasvik and Mr. Fremstad of SINTEF. Dr. Jagga at ITMMEC,



6)

7)

8)

9)

during his stay at SINTEF carried out the bulk of
scrutinizing and evaluating different suppliers. About
60% of Dr. Jagga's training time at SINTEF was consumed

by work with equipment procurement.

The availability of service on GC/MS in India was a main
parameter in the choice of supplier and piece of equip-

ment. The main evaluation of this parameter was made by

Prof. Sharma, who in January 1980 recommended SINTEF

to choose JEOL on this ground. The majority of tenders

were received at SINTEF in February-March 1980.

Mr. Fremstad and Mr. Gasvik found some support during

Spring 1980 for the high service availability of JEOL in
India, since JEOL had installed four GC/MS's in India.

In the final choice of JEOL, made by SINTEF and agreed upon
by Prof. Sharma in June 1980, main attention was paid to
the service availability. The "Rolls Royce" of GC/MS,

Micromass, was not chosen.

The cost for the JEOL piece was 1,4 mill. NOK This was
over 9 times the initial budget for the item on the list.
NORAD was informed about this as late as in June 1980
and reacted immediately. SINTEF persuaded NORAD to order,

which was done in late June 198 0.

JEOL delivered rapidly to ITMMEC in September 1980 but in
July 1981 ITMMEC was still waiting for JEOL personnel to
install and start up the machine, despite the claimed
service availability of JEOL. Helium gas was also missing,

requiring at least 6 months for delivery.
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PRESENT STATUS OF THE PROJECT AND ITS CONTEXT

3.1 Importance of industrial tribology in the national sScene

The term "Industrial Tribology" as given in this report covers
the technology that is concerned with the design of mechanical

products and equipment, and their operation and maintenance with

the objective

(i) to conserve material resources through reduction of wear,

(ii) to conserve energy through reduction of friction,

(iii) to increase the operating life of the equipment through
maintenance engineering,

(iv) to increase standards on product reliability and personnel

safety.

In a developing country like India, the importance of industrial
tribology is self-evident. In order to achieve increased
productivity, one should take care to see that machines are kept
in good operating conditions with minimum down-time. A common
source of functional disturbance in mechanical equipment and
maintenance is the wear factor. Proper scientific and techno-
logical knowledge in this critical subject area is often lacking
and sufficient work has not yet been done on this aspect. Even
in developed countries, the annual maintenance cost of mechani-
cal equipment amounts to 10-20% of the initial investment. A
sample survey conducted by IIT-Delhi in 1972 during the First
World Conference on Industrial Tribology indicated that intro-
duction of even minor maintenance and tribological improvements
in Indian industries will result in significant improvements 1in
the performance and production abilities. The frequent break-
down of hydro and thermal power stations in India have been
attributed to inadegquate maintenance practice of these plants.
The serious consequences of these frequent break-downs on
critical industrial sectors like steel, coal, cement etc. are
felt year after year.

It is difficult to think of any industry, small or big, where
tribology does not play a role. Lubrication, seals, bearings,
wear, etc. are important aspects associated with the operation
of any mechanical machinery. In the process of becoming

technologically self-reliant, a country like India has to



acquire sufficient capability in the varied aspects of tribo-
logy, like development of a wide variety of lubricants; design
of appropriate seals and sealings; design, development and
production of ball, roller and other types of bearings not only
to reduce friction but also to take thrust and other types of
forces; monitoring of wear and other critical quantities to

avoid or reduce breakdowns of operating machines:; etc.etc.

The Government of India and the State Governments are fully
cognizant of the importance of industrial tribology and
assoclated aspects. The large number of research and development
projects sponsored by their agencies, and the establishment of
tribology cells in many R and D organizations, reflect the
importance given to this vital subject. The National Produc-
tivity Council (NPC) and many professional societies (like the
Institution of Engineers), have organized a fairly large number
of courses and training programmes for the benefit of indu-
stries. Many universities and technical institutions offer
regular courses in the area of tribology and have undertaken
many research and development projects in the area. A very
important component of tribology deals with the development of
suitable wear-resistant materials to meet different environ-
mental conditions. The Department of Science and Technology and
the Ministry of Education have established Advanced Material
Sclence Centres to undertake R&D activities on various aspects
of material science, some of which deal with materials develop-
ment from a wear resistance point of view.The awareness of indu-
stries towards the importance of tribology is not lacking.
Several laboratories under the Council for Scientific and
Industrial Research are actively engaged in many aspects of
industrial tribology.

However, lack of sufficient information, trained personnel, lack
of standard test procedures, etc. are serious constraints. The
industries are aware that introduction of advanced and syste-
matic methods and technologies of maintenance and repair will

result in significant savings and increased productivity.

The subject of Industrial Tribology, Machine Dynamics and

Maintenance Engineering which is multi-disciplinary in nature



is a very appropriate subject for effective collaboration between
the university and the industrial sector. This has been
the explicit goal of ITMMEC at IIT-Delhi. As stated in the

original report from the 1976 mission (see Appendix IV):

... the purpose of ITMMEC 1is toO further the industry-
oriented research and development activities at IIT-
Delhi in the field of Industrial Tribology, Machine
Dynamics and Maintenance Engineering, and within this
field to foster the cooperation between the institute

and industry and commerce, as well as with other research
organisations.”

3.2 Technology gaps in tribology and related areas

The awareness of the importance of industrial tribology in the
Indian industrial scene and the desire to become technologi-
cally self-reliant have brought into sharp focus a variety of
shortcomings like lack of adequate information, insufficient
R&D activities in the area of tribology, lack of trained
personnel, lack of suitable testing and standardisation proce-
dures, inadequate training programmes for perscns in industries
etc. While it is difficult to list all the technology gaps
that exist in the area of industrial tribology in the context
of India, still one can mention a few important examples to
illustrate the point. In the case of power industry, a wide
variety of ball, roller and thrust bearings are used. The
design, development and production of these bearings call for
a sophisticated technological know-how which does not exist

to the fullest extent in India. In addition to this, the
evaluation of the performance charactertics of bearings
require standard test procedures and suitable testing equipment.
The Indian know-how in this context 1is very much limited. 1In
the area of anti-friction bearings, India is yet to make a
beginning. In the area of failure analysis, sufficient compe-
tence does not exist. Maintenance management is yet another
area where trained personnel are not available. The development
of a sufficient level of technology base and the know-how 1in
the field of tribology requires significant financial 1input,
RaD infrastructure and a well planned organised approach.
However, full implementation of these aspects are restricted

due to several constraints.



3.3 Methods to overcome technology gaps in industrial tribology

and available resource centres

A cross sectional survey of the Indian industries, R&D
establishments, Universities/Academic institutions, Government
plans etc. reveals a wide spectrum of activities and plans

that have been undertaken to fill the gaps at a fast rate.
Development plans in the field of industrial tribology is one
of the components in the national S&T plan of the country. As
mentioned earlier, a large number of universities and academic
institutions have incorporated into their regular curricula
courses in the area of tribology. Many research and development
projects in this area are sponsored by several financing
agencies like the Dept. of Science and Technology (DST), the
Council for Scientific & Industrial Research (CSIR), etc. Many
Public Sector Enterprises like Bharat Héavy Electricals, Indian
0il Corporation, Hindustan Petroleum etc. have falrly big
tribology laboratories and have plans to expand them not only
to find solutions to existing problems, but also to develop
their own indigenous capability to tackle anticipated problems.
Many bearing manufacturing companies have their own in-house
set-ups in the area of tribology. The R and D division of the
0il companies have been able to provide Indian substitutes for
lubricants and greases which used to be imported. There
appears to be a general degree of satisfaction so far as these
lubricants substitutes are concerned. The Ministry of
Education have made deliberate plans to promote advanced
centres, in IITs and other academic institutions, in areas of

relevance. The ITMMEC at IIT-Delhi is one such centre.

The National Productivity Council in collaboration with several
professional societies have organised at regional and national
levels courses and training programmes for persons from indu-
stries and R&D establishments. Under the Quality Improvement
Programme of the Ministry of Education, intensive courses in
the area of tribology have been organized to upgrade the level
of knowledge of engineering college teachers in this area.
ITMMEC has effectively participated in all these programmes.
Wherever feasible and desirable, foreign assistance in the form
of technical expertise, finance, training, etc. have been

obtained.



3.4

In brief, the survey indicates that efforts are being made in
several fronts in an organised manner to increase the

indigenous technological know-how and to increase the level

of self-reliance in the field of tribclogy. As a result of

all these efforts, today, there exists 1n India a host of insti-
tutions and organisations where activities in the field of

tribology are taking place.
Table 1 on p. 7 lists a few of the academic institutes, R and

D organisations and other organisations, where activities in

the area of tribology are being pursued.

Present status and plans for ITMMEC

The Industrial Tribology, Machine Dynamics and Maintenance
Engineering Centre at the Indian Institute of Technology, Delhi,
came into operation in the year 1978 after the signing of an
agreement between the Covernments of India and Norway in
November 1977. Under this agreement a sum of 13 mill. NQK
(increased to 18 mill. in 1979 due to an upward revision) were
made available by the Norwegian Government to cover the 4-year

operational period 1978-1981. This amount was meant to cover:

= the expenses connected with the consultancy services
provided for in the contract between the Norwegian Acency
for International Development (NORAD) and the Foundation
of Scientific and Industrial Research at the Norwegian

Institute of Technology (SINTEF) ;

(ii) The expenses connected with training of IIT-personnel 1n

Norway;

(iii) the costs of purchase, 1lnsurance and transport of equip-

ment and materials required for the implementation of

the Project.

The purpose of ITMMEC as has already been stated is toO further
industry oriented research and development activities at IIT-
Delhi in the field of industrial tribolocy, machine dynamics
and maintenance engineering; and within this field to foster
cooperation between the Institute and industry and commerce as

well as with other research organisations. The activities of



the Centre are controlled by a Coordination Committee, an
Advisory Committee, and a Management Committee. The advice and
decisions of these Committees are implemented by the Head of
the Centre. The constitution and the role of each of these

Committees are given in Appendix IV.

At present, the Centre consists of 17 core-staff members and
about 24 supporting staff members. According to the organisa-
tional structure of the Centre the research and development
activities of the core-staff have been classified into the six
groups below. The names of the core-staff members and their

areas of activities appear in Appendix X.

: Lubrication and 0il Analysis
LL Wear Resistance Technology and Analysis

III. Diagnostics and Condition Monitoring

IV. Equipment Performance
V. Failure, Design Audit and NDT (Non-Destructive Testing)
VI. Maintenance Management.

It is reported that since September 1978, nine persons from
core-staff have gone to Norway to receive advanced training,
in-depth exposure to the use of the equipment relating to their
areas of specialization, and to work on "Joint Projects" with
personnel of SINTEF-Norway. The periods of these visits have
ranged from 3 months to 10 months. From SINTEF, about 8 per-
sons have visited ITMMEC and the duration of these visits have
ranged from one month to two months. A few of them have made

repeated visits to ITMMEC. (See Appendix VI and VII.)

During the last 3 years, equipment to the tune of NOK 4 million
per year have been procured by ITMMEC. Appendix VIII gives

the list of equipment that have been delivered, equipment that
have been ordered, equipment that are currently under procure-
ment process and equipment that the Centre wishes to procure.
Among the major equipment that have already arrived at ITMMEC,
about 80 per cent have been installed and commissioned. The
remaining are in various stages of unpacking, installing and

commissioning.



ITMMEC receives considerably resources from IIT-Delhi and also
directly from the Ministry of Education. On the basis of data
compiled by the Centre we have attempted in Table 2 to show
the major components of the resources allocated to the Centre

gsince 1977.

The largest component 1s salaries and wages, allocated by I1IT,
for faculty and staff which is planned for Rs. 0.35 million in
1981. Out of a total of 22 faculty positions 15 have already
been filled, another 4 are expected to be filled and 3 to
remain open for the time being. It should be noted that

salaries and wages are not channeled via the Centre.

The next largest component are budget allocations - recurring
and non-recurring - given by the Ministry of Education toO
the Centre although routed via IIT. Non-recurring budget
allocations are used for capital expenditure. Another large
budget post is maintenance of buildings, infrastructure and
costs for telephones, electricity and water for which only

estimates are given.

The table shows an allocation of Rs. 0.6 million for buildings
in 19f8 which are the estimated costs for the 650 m? already
provided. The costs for providing additional space wculd
today cost considerably more than Rs. 1,000/m2. In this
context it should also be noted that most of the faculty are
provided with housing and other infrastructure facilities

within the campus of IIT-Delhi.

The various components added together indicate Centre

has a budaget from Indian sOurces of Rs. 0.9 million per year
and Table 2 gives a total of Rs. 3.6 million for the period
1977-1981.
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The Centre is the process of developing certain
infra-structural facilities like: Tribo-Science Laboratory,
Tribo-Engineering Laboratory, Tribo-Dynamics Laboratory,
Anechoic Chamber, Vibration Isolation Table, Computer Room,
and Fabrication Workshops. Simultaneously with these, the
Centre has also been engaged on the design and fabrication of

several jigs and fixtures for various research projects.

In an institute like IIT, the demand for covered space with all
facilities like water connection, electricity, maintanance,
etc. is at a very high premium. The administration of IIT-
Delhi has to evaluate every project about its financial
comicitment, space allocation, infra-structural facilities etc.

keeping in view its priorities, demands and the Institute'’s

goals. As of March 1981, 650 m? of space has been made avail-
able to ITMMEC. An additional space of 350 m2 has been pro-
mised, making up altogether 1000 m2 of covered space. A

visit to the laboratories indicate that the space provided now

is not at all sufficient.

In the process of procuring equipment from Norway and other
foreign countries, SINTEF is very closely involved. The mode of
identification of the equipment and the procuring processes are
given in the Progress Reports. Considerable delays in the
procurement and commissioning of equipment exist. These delays
have been attributed to a variety of reasons like non-
availability of technical literature on the equipment, slow
response to queries by the suppliers, price fluctuations during
the negotiation stages, damages during transit, insurance pro-
blems, customs clearance, etc. It is stated that the identifi-
cation of the eguipment is done keeping in view the activities
of the Centre. The price escalations (due to inflation) of
equipment during the aid period have not been adequatly taken

into consideration.

Currently, ITMMEC is involved in three major areas of activi-

ties:

(i) Organizing short and long-term courses for persons from
industries and other organizations in selected areas of

tribology. These courses are meant to bring an awareness



ii)

(£11)

among the industrial participants and also expose them to

the latest technigues and knowledge in these areas;

Offering consultancy services to industries in areas where

ITMMEC expertise lies. So far, this has been a very minor
component;

Organizing long term programmes leading to M. Tech and
Ph.D degrees to participants from industries and other
organizations. The M. Tech programme is of 2-year full-

time and 3-year part-time durations.



4.

ASSESSMENT OF PRESENT GOAL FULFILMENT

4.1 External gpals

Total value of the secondary sector in India amounts to Rs.
169.000 million which equals 20 billion US Dollars. This
amounts to 23% of the country's gross national product. The
value of the manufacturing sector is Rs. 73.000 million with
an additional Rs. 43.000 in the unregistered sector. The most

important manufacturing sectors are textiles, chemicals and

metallurgy.

A large number of production lines and industrial enterprises
have come into existance through the collaboration with foreign
partners. The total number of such agreements since mid 1950's
totals more than 6,000 although most of them have now been
phased out. A short presentation of the situation in Indian

R&D is given in Appendix XIII.

Obviously there is a strong need for facilities and competent
personnel which can solve problems related to failures and
maintenance in sectors such as power industry, steel industry,
railways and road transportation. Similar problems including
those of cutting fluids and lubrication oils exist throughout
the engineering industry which 1is presently undergoing a rapid
expansion. Many of the industrial needs were identified and
documented in the original proposal to NORAD in 1975. In this
context, it should be noted that this proposal and the
Norwegian evaluation in 1976 and the subseguent agreement in
1977, all assume that modern large scale or medium scale indu-

stry are in the focus.

Thus, it was possible to identify the needs for a centre to
serve industry in areas such as tribology and preventive main-
tenance. It must, however, be pointed out that tribology

carries a much wider definition than is usually the case outside
India. From the identification of the industrial problems and
their possible solutions, one could derive the need for instru-
ments and equipment - most of which could not be obtained in

India.



In this context, IIT-Delhi decided to submit a proposal to
NORAD. Most recently, an Indian Review Committee has studied
the role of foreign technical assistance received by the Indian
Institues of Technology of which there are altogether five. The

Committee says that

... foreign technical assistance has had a significant
impact on the IITs and in turn on the technical educa-
tion system in the country. It has helped to develop
expertise at international level and to build-up compe-
tent R&D infrastructure in a wide variety of scientific
and technological fields."

But the report stresses that no foreign technical assistance
programme should perpetuate the country's dependence on foreign
expertise and support. And the Committee further points out
that the objective must also be to develop "indigenous capa-
bilities and self-reliance". Notwithstanding these, the IITs
may benefit from foreign capital aid - as distinct from foreign
technical assistance on collaboration to replace old obsolete
equipment and to consolidate and further develop areas in which
they have already acquired expertise of high standards, in case
sufficient internal resources are not available. The Committee
had identified 15 areas - 3 for each IIT - for possible further
foreign technical assistance. These areas which have been
selected for their relevance to national needs may be developed
into centres of excellence. In such areas, the IITs are
expected to interact with their counterparts in foreign coun-
tries on a continuing basis to reduce the lag in developing
these areas in India. 25 more areas have been identified which
may be considered for foreign collaboration on equal partner-

ship basis.

Obligations in agreements

The establishment and operation of the Industrial Tribology,
Machine Dynamics and Maintenance Engineering Centre in New
Delhi, is spelt out in two legal documents. The first one,
signed on the 2nd of November 1977, is between the Government
of the Republic of India and the Covernment of the Kingdom of
Norway. The second one is a contract between the Norwegian
Agency for International Deve lopment (NORAD) and SINTEF. These

two documents regulate the Centre and the Project respectively.
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Before discussing in what ways and to what extent the obliga-
tions have been fulfilled, it may be useful to illustrate in a

diagram the various objectives mentioned in the first agreement.
See figure 2.

FIGURE 2
PLANNED PURPOSES AND CBJECTIVES OF ITMMEC (THE INDUSTRIAL
TRIBOLOGY MACHINE DYNAMICS AND MAINTENANCE ENGINEERING CENTRE)

“FURTHER INDUSTRY ORIENTED
RESEARCH AND DEVELOPMENT

ACTIVITIES

.FOSTER COOPERATION BETWEEN
IIT AND INDIAN INDUSTRY

.FOSTER COOPERATION WITH
OTHER RESEARCH ORGANISATIONS

CONSULTANCY AND RESEARCH PROJECTS

DEVELOPMENT PROJECTS - OF RELEVANCE TO
FOR INDIAN INDUSTRY INDIAN INDUSTRY

INTERNAL COURSES

COURSES AND SEMINARS
AND SEMINARS

TO UPGRADE SKILLS IN
INDUSTRIAL MAINTENANCE

In the following we will only comment on objectives which have
not been fulfilled assumirg that all others not mentioned have
in the main been fulfilled. Before doing so, it would be use-
ful to repeat the background of the Project. The original
proposal from IIT-Delhi envisaged a five year project with a
total outlay of Rs. 36 million during the period. The NORAD
sponsored evaluation mission in 1976 recommended a 4 year pro-

ject with a total input to ITMMEC of NOK 13.9 million of
which NOK 10.9 million would come from NORAD. NORAD agreed to

provide NOK 13 million for the period 1977-1980 which was

increased to NOK 18 million in an amendment.
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The annexure says in article 2 that IIT shall at the invitation
of the Centre make available 1000 m? of laboratory and building
space for the activities of the Centre. An additional 500 m?
shall be made available in due course. The real outcome was

very different which is evident from Table 3.

TABLE 3
YEARWISE ALLOCATION OF SPACE TO ITMMEC

Year __Covered space provided Total space available
1978, Dec. 150 m2 150 m<2

1979, Dec. 100 " 250 "

1980, Sept. LA 9 400 "

1981, March. 250 M 650 "

The delay in providing the necessary space may, originally, not
have posed any serious problem to the Centre because of similar
delays in hiring staff and procuring equipment all of which

are discussed further on in this report. However, more recently,

the non-availability of space has become a serious hindrance.

In spelling out the collaboration between IIT and SINTEF the
annexure says that this will mainly take the form of joint

participation in:

1. Personnel education and training with the object of

familiarizing personnel with advanced methods and techniques

of relevance to the Indian industry.

2. Joint research projects of common interest within the field
of industrial tribology and maintenance. These projects
should be actively pursued both in India and Norway and
should be organized for the optimum use of common research

resources.

3. Joint participation in industrial research and development
programmes. In Norway, this should be achieved by integrat-
ing visiting Indian personnel into appropriate programmes
which the consultant - that is SINTEF - is carrying out in
collaboration with Norwegian industry. In India, the con-

sultant should take part in consultancy and development



projects which the Centre will be carrying out for Indian

industry.

There have been serious short-comings in regard to

all three aspects. Though, a fairly large number of persons
have been recruited for the Centre, the picture regarding their
experiences and background indicates a wide variation. The
Centre does not appear to have made serious attempts to develop
competence and expertise in a limited number of areas and
recruit personnel accordingly. There are areas with just one or
two persons. Formation of strong groups in a limited number
of critical areas would have been desirable. Regarding points 2
and 3 above, very little has been achieved. The joint projects
that are reported to have been undertaken, appear to be mere
paper projects. In spite of the fact, that these two aspects
are critical to the ITMMEC as well as to SINTEF, no organized
approach appear to have been pursued. Equipment procurement,
recruitment of personnel, training programmes at SINTEF, all
have gone in a very haphazard way without any directional
approach. One may concede that, given the likelihood of delays
in recruitment of staff and procurement of equipment, a project
period of four years may be insufficient to undertake joint
projects of industrial nature, still, a strategy towards
achieving this goal should have emerged. Unfortunately, no

clear picture emerges from the present situation.

In this connection, the functioning of the Advisory Committee
has not been very functional. This committee, consisting of
about 15 members, including a significant number of representa-

tives from industries, is supposed to

endeavour to secure proper and necessary interaction
with industry and particularly ensure that unnecessary
duplication is avoided. It is important that the
Committee seeks to keep the work of the Centre attuned to
the needs of the industry at all times."

The manner in which the Committee is scheduled to meet and

operate cannot possibly fulfill this obligation.

The second legal document is a contract between NORAD and

SINTEF regulating the consultancy services which are required



for the establishment of the Centre. The document provides
details of the scope of the services from SINTEF to the Centre,
regarding equipment procurement procedure, personnel training,
remuneration and payments, etc. The Terms of Reference require
of SINTEF to advise and assist the Centre in all respects, so
as to enable it to get established and to fulfill its objec-
tives towards industrial tribology. In this respect, SINTEF
has not altogether fulfilled its obligations of providing pro-
per training to ITMMEC personnel, advising and assisting in
research projects and participating in industrial research
projects. It was required that SINTEF submit a quarterly report
describing the progress of the project with respect to its
obligations and plans. The reports submitted by SINTEF do not
discuss the fundamental problems of the joint venture. However,
SINTEF has fulfilled its obligation concerning assistance in

equipment selection, procurement and necessary quality control.

Service of ITMMEC to Indian industry

The Centre can serve Indian industry in four major areas:

1. To carry out research projects on problems which are of
critical importance to industry, sponsored by industry,

research councils or other agencies.

2. To provide training in the form of seminars, workshops,
training programmes, and other academic degree oriented

courses.

3. To carry out consultancy projects sponsored by industrial

enterprises on commercial basis.

4, To build up a documentation base and library in the area

of tribology.

Research projects. The Centre has so far not carried out any
sponsored research. This perhaps could not be expected in light
of delayed procurement of equipment, non-availability until
recently, of space for laboratories and the relatively in-

experienced staff at the Centre.



The 1978 report mentions that joint projects would be actively
pursued both at ITMMEC and SINTEF, and a list of 10 projects

was given. The following five projects were given priority.

l. Rotor dynamics,

. Diagnostic maintenance studies,

Wear studies and reliability,

Vibration analysie on turboblades,

(0 T = 5 B 4

Weight reduction.

The 1979 report lists the same ten joint projects and mentions
that some of the projects were started during the year although
most others were still only in the planning stage. Furthermore,
the actual project work of the first 5 priority projects of
1978 might have undergone changes due to personnel reasons.
This information is followed by a comment that the activity in
1979 had been far less than planned, due to the priority given
to equipment procurement. The 1980 report repeats the same
comments almost identically, stressing the priority given to
equipment procurement. In Table 4 we summarize information

on the status of joint projects as reported by SINTEF.

The information given above clearly indicates that the
joint projects have played only a marginal role in the
ITMMEC/SINTEF activities. It also shows that the original plan
for joint projects became obsolete due to the preoccupation
with the procurement of equipment and instruments and the late
arrival of these. Furthermore, the viability of some joint
research projects changed due to changes in personnel and
activities of the Machine Design Division at SINTEF. In light
of these, we consider that the group should have formulated a
new and a more realistic plan for joint research projects which
would have contributed to the competence build-up at ITMMEC

during the phase of equipment procurement.
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Industrial projects
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The SINTEF annual report of 1978 mentions that this acitivity
includes exchange visits of senior personnel to work on
industrial projects in both countries and exchange of experi-
ence on research and consultancy. No projects were initiated

in 1978, and none were carried out in 1980. However, an attempt
to work in this area was done. In June 1979 a request for pro-
jJject assistance towards "Appraisal of Maintenance Management
and Diagnostics in Faridabad Thermal Power Station" was made
by ITMMEC and was approved by NDRAD.l} The project which was
to be carried out over approximately 18 months and cost about
Rs. 500.000 involving more than 10 people envisaged the

following phases:

- Preliminary survey for budget and project proposal.
— Survey of faults and analysis.
- Implementation of recommendations.

- Monitoring and evaluation.

It was also decided that Mr. E. Engebretsen, Chief Engineer of
the Ship Research Institute of Norway, should participate in
the project for a period of 9 weeks, part of which wauld
coincide with a workshop held at ITMMEC.

However, due to various reasons, the project was abandoned in
the middle. 2 joint industrial project of this nature, which
obviously involves considerable amount of earlier preparation,
should not have been undertaken without assuring oneself a
certain degree of possible success. Neither ITMMEC nor SINTEF

was in a position to undertake such a joint venture.

The Centre has over the past few years received a large number
of enquiries and proposals for consultancy projects. Occasion-
ally the Centre has entered into negotiations and even submitted

proposals in areas where the Centre has not yet developed a

l]'Thie information is available in SINTEF project memo

180473.30-1 prepared by E. Engebretsen, January 31, 1980.



competence. As an indication of this attitude we provide in
Appendix V a list of possible consultancy projects which was

drawn up in 1980. The expected fees from these projects
amounted to Rs 3.8 million.

The realized consultancy projects, however, are much more
modest, which is evident from the table displayed in the same
appendix. Almost all projects with the exception of a bicycle
rickshaw project sponsored by the Ministry of Transportation
have generated very little income and the total fees of all

sponsored projects in Appendix V is in the region of Rs 0.15
million during 1978-80.

An analysis of the activities of the Centre in consultancy
projects and training programmes reveal that the training pro-
grammes have been more significant in terms of finance than

consultancy activities. This is evident from the information
provided in Table 5.



TARBRLE 5
INCOME GENERATED FROM CONSULTANCY AND
ITMMEC (thousand Rs)

TRAINING PROJECTS AT

Category ) 1978 1979 1980
A. Consultancy
- Industry 20 16 23
- Government agencies 10 10 15
= 'Others _.. B L o
Sub-total 35 26 98
B. Training -— 96.8 101
Total 35 1228 199




The strength of the Centre has so far been in its training
programme which is a natural outcome as the Centre 1s an 1nte-
gral part of the Indian Institute of Technology, Delhi. In this
context we would like to stress that ITMMEC is one of several
centres at IIT-Delhi, all of which have the same status ad

departments such as Mechanical Engineering, Chemistry etc.

A PhD research programme was initiated in the late seventies.
The total number of PhD students now is 10 of which four are
fuil-time students. Details of the programme are given in
Table 6. In addition to the PhD programme, the Centre is
also involved in a M. Tech. degree procgramme. This Masters
degree programme lasts 2 years for full time students and 3
years for part-time students. All these students are people
working in industry. However, only a very small number of them

are actually sponsored by industry.

The training programme more directly geared to the needs of
industry are the workshops or seminars of which eight have so
far been arranged, in most cases under joint sponsorship with
other agencies. Information on the workshops is given in Table
7. Special reports were prepared for four of these workshops

and the contents of the reports appear in Appendix XI.
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Recently there has developed an awareness at the Centre that
there exists a need for training which falls between the
traditional academic training and the very brief wmrkshapsf
seminars. Therefore the Centre has started to make preparations
for a training programme for maintenance engineers working 1in
various power plants in India. The discussions were initiated
after the Power Engineer Training Society approached the Centre.
The course which is expected to take place in late 1981l or
early next year, will draw on faculty from ITMMEC and the
departments of mechanical engineering and electrical engineering.
It is expected that this course will be more industry-oriented
than earlier courses, since work on case studies brought by the
participants will constitute a major element of the proposed

training programme.
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ROLE OF SINTEF IN THE OPERATION OF THE PROJECT

= |

Backgrﬂund on SINTEF

SINTEF is an organisation, established over 25 years ago, to

be able to undertake R&D activities with the following objec-

tives:

(a) Promote industrial research;

(b) Develop cooperation in this area between the industry and
Norwegian Institute of Technology (NTH) ;

(c) Develop cooperation between SINTEF and other research

organisations.

To be pragmatic in its approach, to be able to handle the
industrial projects/problems, it was decided from the very incep-
tion of SINTEF that it work in close cooperation with NTH, so
as to have a useful interaction between faculties of SINTEF

and NTH. While there is an organizational separation between
NTH and SINTEF there is a very close physical and personnel
integration. This is evident from the Machine Design Division
where 16 members belong to the Norwegian Institute of
Technology, see Table 8. The group of seven people at SINTEF
responsible for the collaboration with ITMMEC is found within

this Division.

TABLE 8
STRENGTH OF PERSONNEL AT SINTEF MACHINE DESIGN DIVISION

Mg

Category August 8, 1980 April 7, 1981
Researchers 26 30
Technicians 4 5
Workshop employees 2 2
Secretarial staff e 4
Administration 2 2
SINTEF only 37 43
+ members of the Norwegian

Institute of Technology 16 16

SINTEF only 53 59




In order to provide the reader with a reference of the indu-
strial tribology projects undertaken at SINTEF during the
period of collaboration between SINTEF and ITMMEC we have
listed in Table 9 all major tribology projects. The table also
provides information on sponsor, total contract fee and year
of completion. These 20 odd projects have over this period
generated between 1/3 and 1/2 of the income of the Department
of Machine Design. From the information provided it is obvious
that SINTEF has a capability to undertake sponsored research
projects of various types within the field of industrial
tribology. But it must not be overlooked that the capability
at SINTEF - in terms of equipment and manpower - is dependent
on what particular projects are being carried out at a given

time.

The composition of SINTEF contracts and grants is as follows:

. Basic grants, primarily from RNCSIRl) 6,5%
. Project grants, mostly from RNCSIR 30 %
. Contracts with industry 30-40 %

Contracts with public agencies 30-35 %

SINTEF's involvement in projects in developing countries, other
than the Tribology Centre in Delhi, includes two minor projects
in two divisions - Industrial Economics and Industrial Chemi-
stry. In addition the Division of River and Harbour Laboratory
has received two contracts in the range of NOK 1 million, one
of which is a program for training students coming on NORAD

scholarships.

l}RGyal Norwegian Council for Scientific and Industrial

Research (NTNF) .
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TABLE 9
MAIN PROJECTS IN TRIBOLOGY, MAINTENANCE TEROTECHNOLOGY AT SINTEF 1976-81
No. Name Sponsor Start Finish Ecmnquz
236 Abrasive wear NTNF' + Industry 73 77 900,000
+ industry
237 Maintenance Norcem NTNF + Industry 73 17 700,000
(Norcem) + industry
235 Plastics in Machine NTNF + Industry 73 16 350,000
design and lubri- + industry
cating wear
271 Polishing wear in NTNF + Industry 74 717 180,000
manufacturing . + industry
Ball mill wear proj. Industry 7l 78 200,000
Wear of abrasive Industry 76 78 200,000
resistant materials
400 Erosive wear under NTNF - Industry il 81 700,000
mass transport -
401 Info-Service Tero- NTNF - Industry 17 -
technology 700,000
366 Start Tero Infor- SINTEF Industry 7€ -
mation Centre
405 Transmission elements NTNF - Industry 17 78 250,000
406 Terotechnology mo- NTNF - Industry 77 78 200,000
dules, operation + industry
407 Terotechnology, NTNF - Industry 77 78 200,000
design aspects + Incustry
428 Condition monitoring, NSB (Norwegian 78 81 150,000
Lomotives National Railway)
509 Hydraulic systems, NTNF Industry 78 80 200,000
wear 1in operation + industry
468 Tero engineering of NTNF 78 80 300,000
production systems + industry
470 Industrial maintenance NTNF Industry 78 300,000
laboratory
471 Maintenance system NTNF Industry 78 81 700,000
data bank
546 Building of 3 wear Industry 77 79 220,000
test machine
493 Human and Organiza- Safety Off- 19 - 2,000,000
tional aspects of shore SPS
maintenance
544 Terotechnology,manage- NTNF 80 81 450,000
ment system
548 Tero/Maintenance Industry 80 80 200,000

System Statoil

560 Condition monitoring Nordforsk 80 - 550,000
wear 1n hydr. systems

T - st

1 . : . - .
2NTNF = Rcyal Norwegian Council for Scientific and Industrial Research.
NOK, all figures have been rounded. (cont'da)



(cont'd)
No. Name Sponsor Start Finish Economy
572 Computer based condition PPCoN (Phillips 30 80 150,000
monitoring system Petroleum Co.)
OTTER Maintenance simulator PPCoN B - 100,000
588 Computer based condi- NTNF Industry 81 - 275,000
tion monitoring system + industry
592 Maintenance considera- SPS (Security on 81 - 200,000
tion in engine design the Shelf) + + industry
Industry
472/ NORAD tribology projects NORAD 78 81l 3,200,000
473 — IND (014
465/ Safety valves opera- NPD (Norwegian 78 81 900,000
554 Dbility reliability, Petroleum
maintability Directorate)




History of SINTEF involvement in the operation of the Project

At the 1972 conference on Industrial Tribology the idea of
international cooperation within the field of tribology was
initiated and discussed between Dr. Sharma, Department of
Mechanical Engineering, IIT-Delhi, and Professor Christensen,
SINTEF, In the following yvears informal discussions were held
with the same persons. During the course of these discussions
the possible financing of the venture through Norwegian foreign
aid was considered, in which also Reidar ®@stvik and Kristian
Tgnder, both from SINTEF, participated. The initiatives by
the two persons resulted in a proposal from India to Norway,
applying for foreign aid for the cooperation conceived. The
need for tribology in India had already been recognized for
some years and in fact Dr. Sharma had been selected by IIT-
Delhi for a PhD-education in tribology in United Kingdom in
the 1960's. In the Indian search for forms (centres,
schools of tribology etc.) and possible foreign partners for
building up indigenous capabilities in tribology, the initia-
tive to involve SINTEF and NORAD came conveniently and was
assessed to be desirable by the Indian authorities. The
alternative to involve some other body than SINTEF as the main
partner together with Norwegian foreign aid does not appear to
have been seriously considered, neither by the Indian nor the
Norwegian side. Once Norway was given as a development assi-
stance partner, SINTEF was considered to be natural partner for

the Indian Centre.

The Indian proposal from 1974 was after recuest then reworked
and a new, more detailed proposal was submitted to Norway in
1975. A Norwegian mission was then appointed by NORAD to
evaluate this proposal. The background, terms of references,
members and summary of findings of this mission is given in
Appendix IV. The proposal assumed a close collaboration between
IIT, Delhi and SINTEF, through the accomplishment of joint
research projects. An explicit evaluation of the resources and

competence of SINTEF in tribology was never made by the Indian



authorities. However, the activities of SINTEF were known
through its publications and leading personalities at IIT-Delhi
visited SINTEF in the mid 1970's and made their personal
observations. At this time there were only two persons at
SINTEF and NTH, Trondheim, which had tribology in a narrow
sense as a speciality although in fields related to tribology
there were additional persons. So, the total number of people
active in industrial tribology was around ten. An expansion for
SINTEF in the field of tribology was conceived of in 1974, but
did not materialize and in 1981 there has rather been a shrink-

ing of activities compared to the situation in 1974.

The 1976 mission supported the Indian proposal and laid the
main foundation of ITMMEC in terms of objectives, management,
organization, economy, range of activities, priorities etc.,
and thus was most decisive in the process of establishing the
Centre. The Indian side had proposed a financial contribution
from NORAD of 8,296,000 NOK over a 4 year period. The 1976
mission, supporting this proposal, in addition proposed an
additional contribution of 2,593,000 NOK for covering the
SINTEF manpower input, based on the cost level of early 1976.
Thus about one fourth of the total foreign aid conceived was
proposed to go domestically to SINTEF although this share was
later on decreased Wwhen the allocation for equipment pro-
curement was increased. The 1976 mission claimed that SINTEF
had been active in the field of industrial tribology and main-
tenance for more than 15 years, which was obviously the case

in areas such as wear analysis, and in addition had consider-
able competence in handling R&D problems for industry. The
conceived collaboration between IIT-Delhi and SINTEF included:

a) Personnel education and training in using advanced techni-

ques of relevance to Indian industry.

b) Joint research projects of common interest in industrial

tribology and maintenance.

c) Joint participation in industrial R&D programs through inte-
grating Indian visiting personnel in SINTEF's industrial

R&D projects and SINTEF's visiting personnel in consultancy



and development projects carried out by the Centre 1in

Indian industry.

A Project Manager from SINTEF was proposed with part time
residence at the Centre. Also it was proposed that SINTEF was
made responsible for the NORAD component of the project within
a framework laid down in a separate agreement between NORAD
and SINTEF, and that an ITT-SINTEF Coordination Committee was

established with 2 + 2 members responsible for:

a) Assessing progress reports and make recommendations for

annual budgeting of funds available from NORAD.

b) Handle details of cooperation.

Based on the 1976 mission, contracts between NORAD and ITMMEC
and between NCRAD and SINTEF were signed in November 1977 and
Jan-Febr 1978. See Appendix II and III for the contracts.

These confracts essentially followed the recommendations of

the 1976 mission. SINTEF was given an advisory role to both

ITT and NORAD. SINTEF was also to provide professional support
for training Indian personnel in Norway, to draft annual
budgets for the Project and to be responsible for keeping
approved budgets. Also SINTEF was to be responsible for the
procurement and arrangement of acceptance control of equipment
financed by the Project. Finally SINTEF was to advise and
assist in joint research projects and participate in integrated
industrial R&D programmes in Norway and India as spelt out by
the 1976 mission. In fulfilling its obligations SINTEF was free
to sub-contract after formal approval by NORAD, which has also
been done although only marginally.

Thus there was a large amount of continuity between the 1975
proposal from India, the 1976 mission report and the 1977-78
contracts. NORAD appears to have exercised minor influence 1n
the general conception of the Project, a situation which was
normal to many NORAD projects at the time. It also appears
that NORAD informally became committed to the project at an

early stage, maybe as early as in 1975.

The objectives of the Project were formulated too optimistically



and SINTEF personnel did not take on a responsibility corre-
sponding to their informal influence in launching the Project.
In fact, while formally confining the SINTEF role to an
advisory one and leaving the management responsibility

to, the Indian side with NOPAD as a financier both of

SINTEF and ITMMEC within the Project, a situation had been
created where the managerial capability of SINTEF was not
fully utilized. Furthermore, we would like to stress that
SINTEF had the dual roles of being the monitor of the Project
on behalf of NORAD as well as being a technical collaborator
to ITMMEC. This is not to be interpreted as a fundamental
criticism of the effectiveness of SINTEF in carrying out its
contractual obligations in the Project. Also it must be noted
that there was a wish from the Indian side to take on the
managerial responsibilities, and that both NORAD and SINTEF
were lnexperienced in this type of.project involving the inter-

national transfer of high technology.

However, in evaluating the process of initiation and formula-
tion of the acgreement we have found shortcomings. Some parts

were missing in the process of reaching agreement:

a) A close evaluation of the technological and managerial

capability and proper role of SINTEF in the Project.

b) An effort geared towards the formulation of realistic

objectives and an initial strategic plan for the Centre,
with priorities based on non-superficial surveys of needs

in Indian industry.

c) An attention paid to possibilities to involve and transfer

foreign managerial capabilities in the Project,

Some parts of the agreement were obviously missing:

a) A clause regqulating the sharing of inflationary effects and

other components of budget overruns.

b) A requirement that in addition to annual plans and budgets,

strategic plans had to be prepared and the procedure and

responsibility for formulation and execution of these plans.



Contributions by SINTEF to ITMMEC

SINTEF has, both at the organizational level as well as at the
individual 1level, been playing several roles during the last
four years. Some of these roles form part of the obligations
explicitly stated in the agreement and some are implicit.
These activities of SINTEF have been categorized into the

following three groups for convenience of discussion.

Since the financial component pertaining to equipment forms a
substantial part of the aid, one of the major roles of SINTEF
is to assist ITMMEC in the process of appropriate equipment
procurement. The Draft Report submitted by ITMMEC (1980) de-
scribes in broad terms the methods followed in equipment
procurement. In practice, it appears, that the identification
of a particular unit or an equipment and its specifications
originate from ITMMEC. Since the latest and up-to-date informa-
tion on many of the units may not be readily available in
India, the participants who come to SINTEF from India for
tfaining, spend considerable amount of their time at SINTEF in
drawing proper specifications, corresponding with the firms
and suppliers for quotations, finalising eguipment selection,
etc. The time consumed for this purpose varies from 25% to 70%

of a participant's stay at SINTEF.

Also, during the identification and selection process of the
equipment, it has been the practice for SINTEF staff to
participate in trips abroad and wvisit the firms or laboratories

where these units are being used.

The receipt of the equipment from the suppliers and its assem-
bly is to be done at SINTEF which is in accordance with the
contract. This is being done to ensure that the units are 1in
working order and that they function properly under various
environmental conditions. The units tend to remain at SINTEF
for periods ranging from 6 months to 18-20 months. This prac-
tice appears to have developed with the full knowledge and
approval of ITMMEC. During such long periods, the SINTEF staff
get an opportunity to work with the equipment getting them-



selves familiarised with the use of the equipment. The process
offers definite benefits to SINTEF and also to its Indian
counterparts who receive suitable training when they go to
SINTEF.

In regard to certain very expensive equipment, Jjudicious
judgement does not appear to have been exercised either on the
part of ITMMEC or on the part of SINTEF. Expensive research-
oriented equipment have been procured without taking into
serious consideration their immediate utility to the activities
of ITMMEC. Furthermore, the procurement of eguipment does not
appear to follow any definite pattern, fitting into a strategy
to build up area-wise competence and priorities do not appear

to have been established.

In the process of imparting training to participants coming
from ITMMEC, the part played by SINTEF has rather been
haphazard. The reports submitted by Indian participants indi-
cate that the training programmes provided by SINTEF staff
themselves, have been marginal. Not much attention has been
given to this important aspect by the Project Management Group
at SINTEF. In many areas of industrial tribology, at a given
time, SINTEF has not been able to cffer training and expertise.
So, a number of participants have been sent to countries,
other than Norway, to receive training in areas where adequate
facilities do not exist at SINTEF. While this approach is good
and desirable, the durations of visits have been too short to
provide full benefits. A more carefully structured approach

should be considered as soon as possible.

Efforts towards competence build-up has also been at a very

low key, and this is a matter for serious concern. The training
programme in many cases have been primarily towards the
familiarization and acquaintance aspects of the equipment
newly procured for ITMMEC. Participation of Indian visitors in
the real industrial problem solving process has been very
limited. This may be due to several reasons. Identification of

the areas in which competence build-up is necessary, areas in
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which SINTEF has immediate competence, areas outside SINTEEF where
training can be arranged, suitably structured approach in a time-
bound frame, etc. should have been the strategy. Instead, a
mere exposure to a wide spectrum of activities in the general
field of mechanical engineering appears toO have been the

practice.

N — e . — —

This is a most disappointing part of the entire project.
There does not appear to be any head-way made in initiating
seriously, joint research projects. In spite of the fact that
undertaking joint projects is one of the aspects highly
stressed in the collaborative programme, nO Serious attempt has
been made to rectify the lapses involved although the awareness
must no doubt have existed at SINTEF. The list of joint pro=-
jects that keep appearing in the vearly reports and the reasons
for not having done any worth-while work regarding them pre-

sent a very dismal picture.

Benefits to SINTEF from collaboration with ITMMEC

In the process of assisting ITMMEC, many direct and incdirecst
benefits have come to SINTEF. In any collaborative programme
of the type that is being evaluated now, it is but natural that
both parties benefit. But 1in this process, the senior Or the
more experienced partner willingly sacrifices a bit more. This
sacrifice could be in the nature of sharing one's experience
or know-how, providing facilities for competence transfer,
etc. In the present SINTEF-ITMMEC collaboration, the gains for
STINTEF have been considerable. For example, in the eguipment
procurement process, the SINTEF staff have received training
on the new or the latest type of equipment, visited several
laboratories and R&D establishments in Europe, have carried
out investigations with the use of the eguipment, and also
progressed their own knowledge. Further, by participating
actively in various National and International Conferences on

Tribology organised by ITMMEC, definite benefits have been
obtained by SINTEF.



In an invironment like that at SINTEF where an infra-structure
already exists in the area of industrial tribology and machine
dynamics, the benefits can be utilised more effectively and
much faster. These remarks are made not with the intention of
criticising SINTEF for utilising the opportunity for its own
competence build-up, but with the main desire that in exchange,
SINTEF should make a conscious and a more effective effort to
build up competence at ITMMEC.

In Table 10 below we provide figures for the yearly SINTEF
income arising from its contract with NORAD for the establish-

ment of the Centre in India.

TABLE 10
SINTEF's FEES AND EXPENSES GENERATED FRCM NORAD IND 014
(thousand NOK)

1 Total Fees &
r Fees in Expenses in ExXpenses
Year Norway India ! Norway India | Norway India
19779 204 - € = 210 =
1978 436 200 47 80 | 483 280
1979 620 121 68 201 688 322
1980 (planned) 546 193 162 121 708 314
1981 (planned) 546 334 162 393 708 127
2 352 848 445 135 2 797 1 643
Total 3 200 1 240 4 440

The table shows that the total income, including the planned
budget for 1981 amounts to NOK 4.4 million which, after
deducting expenses of 1.2 million, is the same as the NOK 3.2
million set as an upper limit in the contract of November 2,

1977.

The total yearly income from fees for 1978-1981 from NORAD -
Ind 014 should approximately cover the total salary costs for

three full man years every year.

The importance of the contract is naturally increased by the
fact that it has been running for a period of four years. The

project group at SINTEF responsible for the NORAD project is



made up entirely of members of the Machine Design Division.

The expected income from NORAD's fees in 1981 is 1.7 million
which falls in the range of 10-12% of the total budget for
SINTEF section 18 - Machine Design Division after deducting
outlay for new equipment. However, this NORAD project becomes
only 0.3% in the total budget for SINTEF which is planned at
NOK 230 million in 1981, for 960 full time workers.



THE SITUATION AT ITMMEC AND NEED FOR CHANGE

The JINEC team used a considerable part of the mission's time spent
in India at the Centre interviewing people, both in groups and
individually, studying the available documentation and investi-
gating the status of equipment and the situation in laboratories.
The knowledge thus gained in combination with our understanding of
the overall situation in industrial Eribmlmgy in India has prompted
us to formulate recommendations on the following six aspects of

the Centre: management, organization, training, competence build-

up, specialization towards industry and equipment procurement.

6.1 Management of the Centre

The team has identified a number of management problems. In
the existing staff structure, there does not appear to be an
organized approach in forming teams with suitable organiza-
tional «capability, nor is there a clear understanding of

the need for leadership at various levels. This is a matter of

serious concern for the future.

The phase-oriented approach discussed in the following chapter
is in accordance with contemporary thinking in organizational
theory. In this, some of the crucial aspects are top manage-
ment, its style of leadership, succession, composition etc.

In the process of establishing a new centre like ITMMEC, at
the initial stages, in particular, there is a necessity for

an individual who is able to deal with a variety of problems
on a person-to-person basis. In this context, the present
set-up at ITMMEC has been able to achieve substantial results.
However, such abilities should be complemented when the next
phase is entered. Then other abilities such as administrative
skill, ability to deal with industrial problems and industries
are needed. These different sets of abilities are not likely
to be integrated in one single individual and thus it is
necessary to let other individuals serve at the top manage-
ment level in a complementary manner. Structurally, this may
be envisaged as an executive body with shared responsibilities
but the final outcome depends on the choice of individuals.

Thus, wutmost care must be taken in selecting these personnel.
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It hardly needs to be pointed out that this procedure requires
assistance from judicious people in the selection process,
While subject competence may exist in the staff members, it is
also desirable that they have also a certain degree of leader-
ship abilities. In the recruitment of senior members of the
core-staff whether the Project Manager should be involved or
not 1s an open question on which consultations with the

Director of IIT-Delhi and the Project Manager is required.

The solution to the question of the Centre's leadership cannot
be expected to be conflict-free and the Board must be prepared
to act in a conflict resolving manner. The solution then per-
tains to a second phase and the top management composition
does not have to be perpetuated into the third phase. Rather,
it may be advantageous if one can recruit individuals to

temporary top positions in the second phase.

Organization

In discussions with industries and other organizations, we
have been repeatedly reminded that ITMMEC must first estab-
lish its credentials with industries and other organizations
regarding its capabilities. This means that ITMMEC cannot
begin by acting as consultants to industries, until it has
acquired sufficient in-house expertise in solving industry-
oriented problems. This obviously takes a considerable amount
of time. In this regard, an organised approach or a strategy
is required. The approach appears to be a tie-up between
ITMMEC and another organisation intent upon solving industry-
oriented problems. There is likely to exist more than one

such possibility to link up with an industry-oriented
ocrganization in India. Because of an urgent need to reorient
the Centre towards industry, we have explored in some detail
this possibility with the Corporate R&D sector of Bharat Heavy
Electricals Ltd. (BHEL) at Hyderabad. This company has a group
working on problems of tribology associated with its products.
The products of BHEL cover a wide spectrum whose standards

and qualities have to compete at an international level.
Consequently, the problems faced by the tribology group of
BHEL are not only live problems, but also call for continuous

improvements and fundamental research investigations. Further-



more, the Corporate Director as well as the Manager of the
Tribology Laboratory and their associates, in our discussions
with them, were very favourable towards the idea of linking
up with ITMMEC. We recommend strongly that this possibility
be seriously explored because of its possible beneficial
effects to ITMMEC. Obviously there are consequences for the
Centre's relation with SINTEF.

The connection with SINTEF will essentially be with ITMMEC.
The obligations will continue more or less on the same pattern
as they exist now. The connection of BHEL will be essentially
with ITMMEC. The problems posed by BHEL complexes will be
shared between BHEL tribology group and ITMMEC. Problem
dealing with routine testing, evaluation or standardisation
can perhaps be mainly handled by BHEL Group, whereas those
dealing with in-depth study, or research, or investigation or
setting up new evaluative methods etc. can be shared between
BHEL CGroup and ITMMEC Group. ITMMEC can provide to the BHEL
Group the necessary academic exposure, the research training
etc. The BHEL environment should provide to ITMMEC some of
the necessary training in solving problems of industrial
nature, identification of tribological problems in industries,
etc. Periodic exchange of persmnnei between the two organiza-
tions should be practised. However, changes in company policy
and new personnel at top level may drastically change the
possibilities for the suggested collaborative links.
Consequently it is necessary for ITMMEC to consider such a

tie-up with more than one company.

Training

The close association of ITMMEC and its faculty members with
the academic environment of IIT-Delhi can affect the priori-
ties set by ITMMEC. It has to guard itself very carefully from
becoming one more academic department in the Institute with
programmes leading to B.Tech, M.Tech and Ph.D degrees. There
are already signs indicating that ITMMEC may follow the
traditional pattern set by other academic departments of the
Institute and lose its identity. For example, the ITMMEC is
having a 2-year fulltime M.Tech programme, 3-year part-time



M.Tech programme, and a Ph.D programme. While there may not be
anything wrong with involvements in these programmes, one may
question the priorities of these programmes with limitations
on finances and time,limited faculty strength etc. One has to
evaluate these academic programmes to see whether these pro-
grammes complement or counteract the basic objectives of the

Centre.

Though it is claimed that these academic programmes do not
consume much of the time of the staff members of ITMMEC,
doubts exist about the necessity of these programmes. Instead
of an M.Tech programme, perhaps, ITMMEC can consider running
a one-year (i.e. two semesters) post-graduate diploma pro-
gramme for persons from industries. In the first semester,
the participants can be taught courses dealing directly with
tribology and in the second semester, the participants can
undertake projects dealing with problems of industrial nature.
These projects can be carried out in the participants' own
industries thus bringing a certain degree of R&D culture into
those industries. Ph.D programmes can perhaps continue with
the idea of keeping abreast in the modern areas of trikology
on the assumption that problems for investigation are chosen

in consultation with industries.

ITMMEC is alsco involved in organizing short-term cmurseé to
persons from industries and other organizations. While such
activities are desirable, care must be taken to see that
what is taught is not just bookish knowledge, but based on
the expertise available at ITMMEC. Ctherwise, credibility
will be lost and it becomes difficult to re-establish it.
With the reorientation of the Centre away from academic
teaching programmes we want to stress the roll of visiting
faculty. In the ITMMEC staffing structure, it is desireable
to reserve 15-20% of faculty positions for visiting faculty.
These visiting faculty should be drawn mainly from industries
and other R&D establishments. These faculty members should
work full-time at ITMMEC. The periods of the visiting faculty
can range from a minimum of one semester to a maximum of
three semesters. ITMMEC currently has on its rol a list of

visiting faculty. But the association of these members is



restricted to part-time involvement and giving a few lectures.
What is being suggested now is to have full-time visiting
faculty. Suitable remuneration structure should be thought of
to make persons from industries and R&D establishments to
come to ITMMEC and serve. This concern is due to considerable
differences in the pay levels that exist at ITMMEC and in

ingustriass.

Looking at the functional activities that are envisaged at
ITMMEC a minimum core strength of 25 members plus 5 Or 6

visiting faculty positions appear to be necessary.

Competence development

To make the collaboration between ITMMEC and SINTEF more
effective a clearer pattern of operation is desirable. It is
necessary to understand the strengths and weaknesses of SINTEF
in the area of tribology. The initial development of exper-
tise at ITMMEC should be in those areas where SINTEF has the
necessary strength and can provide the necessary consultancy
experts. We suggest that the role of SINTEF in the second
phase is changed from giving training on instruments in Norway
to an emphasis on guidance on problem scolving for industry in
India. The idea of having joint projects between ITMMEC and
SINTEF is excellent. The problems chosen for these projects

could belong to two categories:

a) Problems in those areas where considerable strength and
expertise exist at SINTEF. The identification of these
problems should be done in the context of the Indian indu-
strial scene. These projects should be small enough to be
completed in a given time period. The solutio-ns to these

problems should be available in the form of complete

project reports accessible to industries.

b) Problems in those areas where joint investigations can be
conducted at SINTEF and ITMMEC. Those problems should be
of a fairly basic type contributing new knowledge in the
field of tribology. 'Results of these investigations can
form the basis for joint publications in international

journals. These projects will help in creating a suitable
R&D culture at ITMMEC.



The partners in these two types of projects should be clearly
identified. Provision should exist for these counterparts to
meet and exchange ideas during their project periods. It is

desirable that the periods of these projects do not exeed one

year.

Another area where SINTEF and ITMMEC can work together is in
producing text books, reference manuals and other types of
documents useful to academic community as well as to
practising engineers in industries. Sufficient indigenous
resources/materials in the area of tribology do not exist in
the Indian scene. Contribution of SINTEF in this important

area can be very beneficial.

In sending persons from ITMMEC to SINTEF for training, it is
desirable to explore the possibilities of giving the prelimi-
nary training in India by sending them to suitable R&D
laboratories or academic institutions (like other IITs or
IISCs etc.) where work in the desired area of interest may be
going on. Visits to SINTEF after such preliminary training

will be more beneficial to the participants.

Before the participant is sent to SINTEF or other training
centres abroad, a clear idea about the field of training and
how the trained participant will be utilised on his return
at ITMMEC should be formulated. Similarly, an organised
approach to utilize the resourcesof the visiting consultants
from the SINTEF should be formulated.

The stay of the visiting consultants should not be too brief.
Otherwise no impact of their visits will be felt. At the same
time, as the period of stay of the foreign consultants will

necessarily be short, enough homework should be done at

ITMMEC before the visits of the experts take place.

It is evident that a Centre like ITMMEC has two goals to serve:

(i) to serve the needs of the Indian industries in regard to

their specific problems, and



(1i) to keep itself abreast in the technological fore-fronts

of tribology.

This calls for a strategy between ITMMEC and SINTEF. To become

useful to industry means:
\

(a) appreciation of the tribological problems of a given

industry, and

(b) capability to provide solutions to these problems.

If ITMMEC is to become an advanced National Centre in the
area of Industrial Tribology, then a programme of development
for ITMMEC with adequate financial, building and other
inputs from the Ministry of Education, Ministry of Industries

etc. is required.

Specialization towards industry

With the present level of mechanisation in industry, break-
downs and failures which are mainly due to wear are very
expensive. Reduced wear and subsequent saving in material 1is
an important area needing serious considerations. ITMMEC 1s
being developed with special emphasis on the areas of wear
and lubricant studies and their related effects. Those areas
are directly in line with the needs and therefore it is
expected that in due course of time ITMMEC will be able to:

a) provide opportunities to industries to analyse designs

and processes involving tribological studies,

b) provide to the industry personnel trained in the field of

tribology.

We want to stress that ITMMEC cannot become invelved complete-
ly with a wide variety of specific problems of the Indian
industries. To be able to build up to the level of competence
that industries would have confidence and depend upon ITMMEC,
we strongly suggest that action in the following areas be

planned:

a) Survey of critical industries where excessive wear 1s a
problem like mining, steel and cement industries besides

others;
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b) Survey of various treatment techniques involved and selec-
tion of feasible techniques from a technological capability

point of view.

The above mentioned surveys must be made in such a way that
they realistically reflect the needs of industry and are
instrumental in directing the efforts of the Centre. Conse-
quently it is necessary to have the active participation of
people trained in analyzing industrial problems and we suggest

such participation both from India and Norway (SINTEF) .

In the process of becoming involved in industry-oriented pro-
blems the ITMMEC should not get involved in providing
solutions to isolated or particular problem contexts, but
undertake tasks relating teo industrial problems of larger
contexts. This suggests that ITMMEC should start acquiring
competence area-wise (or topic-wise like vibrations and noise
reduction, or seals and sealing techniques, or low-weight
design, or wear-analysis, or maintenance engineering etc.)
and not industrial sector-wise (i.e. all aspects of tribo-
logical problems associated with power sector, Or mass

transportation sector, or steel-mill sector etc.) .

The present status of proficiency in the field of industrial
tribology at ITMMEC, is at a stage that, while it may not be
able to provide ready answers to many tribological pro-
blems, it is capable of undertaking research work in those
areas to generate technology and expertise in tribology. The
collaboration and exchange of faculty with SINTEF and similar
institutes in India, will further enhance the capabilities
of ITMMEC.

Equipment Procurement

The major component of the Norwegian aid pertains to equipment
supply to ITMMEC. According to the original agreement, the
cost of equipment to be supplied was about NOK 7.3 million.
However, by the time the project was actually initiated, the

cost of much equipment had gone up due to inflation, and as a



result, the equipment aid part was increased to NOK 12.3
million which partly reflects the changes in specification of
the equipment to be procured and the total Norwegian aid was
escalated to NOK 18 million.

The equipment procurement is being done in close collaboration
with SINTEF and the identification of the necessary equipment
is done keeping in mind the requirements of the six

functional areas (such as wear resistance technology and ana-
lysis, diagnostics and condition monitoring, lubrication and
oil analysis, etc.) and the general reaguirements of all the
research groups. Information on the status of egquipment
procurement 1is available in Appendix VIII. However, we have
found no document and very little awareness of priorities or
the order in which the equipment needs to be procured. This

is necessary for the following two reasons:

a) to initiate some activity in each group after acquiring a

minimum set of equipment,

b) to eliminate or cancel some of the orders in case of steep

rise in the cost of some of the equipment or lack of funds.

It is desirable that ITMMEC does this in consultation with
SINTEF.

It is desirable that ITMMEC should start acquiring expertise
area wise and not industrial sector wise. Further it has been
suggested that initially, ITMMEC acquilire expertise 1in those
areas where SINTEF has expertise. In view of these recommen-
dations, it is suggested that ITMMEC reconsider its equipment

list very carefully. This will require consultation with SINTEFE.

Another point of concern in the process of commissioning of
equipment is8 due to lack of coordination between the availability
of space and the arrival of equipment from abroad. Availabili-
ty of covered space at IIT-Delhi is at a high premium. However,
it is necessary that the administration of IIT-Delhi should
appreciate the seriousness of this aspect, as otherwise, costly
and sophisticated equipment may remain uninstalled and un-

utilized for long periods.
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CONCLUSIONS AND MAJOR RECOMMENDATIONS

7.1 Main conclusions

The JINEC team has identified a number of shortcomings in imple-
menting the Project and it must be realized that both sides have
contributed to the partial failures which have been identified. The
reasons are to be found in areas such as leadership, understanding
of critical elements of the project and occasional incompetence.
These comments are made with the aim of bringing the Project to
fruition, and must not overshadow the fact that the Project has
been successful in building up considerable infrastructure facilities
at the Centre which is not altogether an easy task. However, the
Project has reached a stage where it is absolutely necessary to
formulate a strategy which will guide the Centre and 1ts partners

towards m' 2ting the objectives criginally spelled out.

The JINEC team has arrived at the following main conclusions:

C.l. There definitely exists in India an immediate need for activi-

ties within the field of industrial tribology.

C.2. There is a wide-spread awareness of this need in industry,
especially in large and technically advanced companles, as
well as in government and academia. Sustained efforts to meet

these needs are being made and in this context both NORAD aid

and ITMMEC activities would further the cause.

C.3. In the resource establishment phase (1978-1981) at ITMMEC,
time and cost overruns have been large but not exceptional 1in
such high technology projects. The reasons for these overruns
pose some critical questions about the functioning of NORAD,
SINTEF and ITMMEC regarding the planning and efficient

execution of the Project.

C.4. ITMMEC is presently aiming towards completion of build-up of
a large potential regarding equipment and infrastructure 1in
order to serve Indian industry and fulfill academic obliga-
tions. However, in order to achieve long-term success 1n
this service, some fundamental changes regarding organiza-
tional structure and competence build-up of personnel and

management are called for. Suggestions towards achieving these



Csois

changes are aiven.

The established cooperative relations between NORAD, SINTEF
and ITMMEC/IIT and the managerial competence of SINTEF

provide an oprortunity for substantial improvements in the
rate and direction of future acitivites of ITMMEC with the

longterm objective of effectively serving Indian industry.

7.2 Major recommendations recarding strategy and structure of ITMMEC

Based on these main conclusions, the JINEC team has arrived at

the following main recommendations, 7? which have been formulated

with a positive and constructive spirit:

2 S I

Rie 2

NORAD ought to continue its aid to ITMMEC but in order to
increase the benefit to Indian industry via ITMMEC, the
2id should be redirected according to certain specific

recommendations made subsequently.

In the strategic planning of ITMMEC a phase oriented
approach should be adopted and elaborated. Tables 11 and
12 give a summary of the specific recommendations of JINEC
in such a framework. However, the phase transitions should
not be distinct in time (other than from a formal point of

view), but gradual.
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That is written in the table about phases 2 and 3 concerns the
anticipated realizations. However, in phase 1 there are diffe-
rences 1in the anticipated and actual realizations, which have
been discussed earlier.

The financial involvement of industry can take several forms -
consultancy projects and R&D projects undertaken with and
financed by individual companies as well as collective R&D pro-
grams for groups of industries. The latter, especially, could
be stimulated through matching grants from Government sources.
The contributions from industry shcould be of a core-funding
nature, as well as making available its personnel and equipment
to ITMMEC. The basis for this involvement should be a strategic
plan for ITMMEC, approved by industrial representatives in
management bodies. Largely, this set-up corresponds to the way
some collective research institutes are set-up in some Western

countries as well as in India.

The build-up of this involvement by industry should be careful,
selective and on a small scale in phase 2. Some direct finan-
cial involvement of companies in R&D programs should be aimed
at. This is not only for financial reasons but also to stimu-
late the involvement of companies in the definition of activi-
ties and control of results from ITMMEC. ITMMEC should be pre-
pared to undertake industrial projects at less than full costs
at the initial stages. As the activities of ITMMEC grow foreign

aid from sources other than NORAD should also be considered.

The imbalances in the resource build-up in phase 1 had the
character of rapid growth in staff positions and a slower

growth regarding equipment procurement. Space, especially
laboratory space, has been a serious constraint most of the time.
The build-up of competence of the staff in utilizing the equip-
ment has also been largely lagging behind the availability of
equipment, rather than the other way around.

The organic growth of R&D staff in phase 2 should be in such a
way that newcomers could be assimilated in existing R&D groups

at ITMMEC. The steady-state phase is not to be interpreted as a
state without growth and development.



The spread of activities through capability push and ad hoc pull
in phase 1 refers to the fact that many areas and activities
have been undertaken at ITMMEC because they have been related

to specialities and interests of the key actors and/or have been
initiated through spontanecus demands from outside. This is in
contrast to an elaborate plan, based on a need and preference
survey in industry. Industry has to a small extent been involved
systematically in the definition of activities at ITMMEC. The
1975 proposal was in this respect insufficient and the inter-
action with industry representatives at this time was super-
ficial. Relevance to industry then was a selling point in India,
but this kind of salesman work was not penetrating enough for

subsequent definition and planning of activities at ITMMEC.

The unrealistic ambitions regarding marketing to industry refers
to the present eagerness at ITMMEC to look for and undertake all
kinds of consultancy work with industry, sometimes 1in a very
non-professional way. This may severely discredit the Centre in
the long run. 2lso, the amount of industrial consultancy con-
ceived of is unrealistically high, both with respect to demand
and supply factors. However, the ambition to let the existence
of ITMMEC be known in Indian industries through courses, work-

shops etc. i1s acceptable.

The inner organization of ITMMEC has been unstructured and
unstable. Fluid conditions in this respect are natural and
desirable to some extent in launching a new organization but in
phase 2, a more structured organization is needed. In fact this
was also initially spelt out in the contract. Especially, a
decentralization is needed and in this process the establishment
of R&D groups with some kind of cost-benefit if not profit-
center responsibility given to them is instrumental. This also
contributes to the development of middle managers and project

leaders, which has been lacking so far.

7.3 Major recommendations regarding Project leadership and the
responsibility of NORAD and its Indian counterpart
After the signing in 1977 and 1978 of the contract between the
two governments and between NORAD and SINTEF respectively the




project has, in the main, only been discussed at the yearly
economic cooperation consultations between India and Norway.
The last such meeting was held in Delhi in October 1980.
At this occasion it was agreed that a joint evaluation of
the Project could be undertaken including a review of any
assistance requirements. At the same time it was agreed,
according to the minutes, to allocate NOK 4 million for
1982 and NOK 2 - 3 million for 1983. The two delegations
also agreed that the following measures would contribute

towards a successful implementation of the Project.

l. Speeding up of recruitment and filling up of vacant

positions at the Centre.

2. Speeding up of procurement and safe shipment of equip-

ment still pending.
3. Strengthening of the links with potential users.

4. Selective screening of new activities, priority to be
given to practically orientic  research and development
projects with potential of bringing rapid improvements

and tangible benefits to the users.

We agree on the last two points but disagree with the first
two, for reasons discussed in some detail earlier in this
report. We consider that the sponsors of the Project have a
responsibility to guide the Project in functional operation
and not only in the disbursement of funds. This would
require an excercise of influence of leadership both at
the Centre and its Coordination Committee and Management
Committee, and the formulation of more relevant measures

to screen the Centre's progress. We assume that this
evaluation report would provide a basis for taking actions

in these areas.

The earlier analysis and the recommendations above on the
need to formulate a strategy clearly indicates the need to
provide the Centre with the new leadership to guide the
Centre through the next phase which is to have a strong
industry-orientation. The Advisory Council of the Centre
which now has six members from industry has in the past not



been able to properly guide the Centre. In combination with
an l1mprovement in leadership at the Centre, discussed above,
we strongly suggest that action is taken to form a new
Project Management Committee. Here we would like to stress
that this Committee should be given such a composition and
such powers that the strategy discussed above stands a good
chance of being implemented. For that reason we suggest that
the Project 1is managed by a committee with the following

composition.

l. Project Coordinator to have the overall responsi-
bility to guide the Project
according to the strategy to
be formulated

2. Norwegian consultant to advise the Project Co-
ordinator regarding the
facilities

3. NORAD representative to monitor the progress of the

or consultant Centre from the Indian and

Norweglan sides

4, Director of IIT-Delhi to provide the infrastructure
facilities and have the overall
responsibility for ITMMEC

5. Head of ITMMEC to execute the objectives and
the strategic

We envisage a new Project Coordinator to be named consider-
ing that this person must have capabilities to build up the
Centre's competence areawise, select industry-related activi-
ties and strike a balance between academic and industrial
pursuits. The Project Coordinator is not expected to be
permanently at the Centre but should be able to spend
extended periods at ITMMEC involved in the planning work.

We assume that Professor Christensen wculd continue as
advisor considering his contributions to the Project and

his good understanding of the Indian scene and the wvarious

constraints which have to be considered.

Also the composition and functioning of the Management

Committee of the Centre, as distinguished from the Project,
need to be reconsidered. In its capacity to act as a Board
for ITMMEC it is a managerial body of high importance. The

close interdependency between the Project and the Centre



calls for considerable member overlaps between their respec-
tive management bodies on board level. Thus the Project
Coordinator and a NORAD representative should take on full
membership in the Management Committee of the Centre. In
addition the active involvement of two industrialists as
members of this committee should be aought. To prevent from
power concentration and information filtering upwards and
downwards at the level of Head of the Centre, the participa-
tion in the meetings of the Management Committee by another
member in the executive body of the Centre is recommended.

It then appears as if the management of ITMMEC and the Project
is top heavy but with suitable member overlaps this would not be the
case. It must finally be noted that the implementation of a
strategic plan is likely to fail if it is given a top-down
approach without sincere support from the executive management
of the Centre.

The changes which the JINEC team recommends obviously requires
new contracts to regulate the obligations between the various
parties. In this task we strongly urge NORAD and its Indian
counterpart to include provisions in the contract so that
screening of progress at ITMMEC and its Norwegian counterpart
(assumed to ke SINTEF) becomes an ongoing process. We assume
that such provisions in the past would have made it possible
to have taken corrective measures at an earlier stage of the
first phase. We suggest that the strategic plan suggested above
is formulated to facillitate corrective measures during phase 2
if need arises, and provided with check lists in order to

facilitate the auditing of progress.

On the assumption that the Project will continue for another
period of 3-4 years we suggest that simultaneously with the
decision to extend the Project a decision is also taken to

have a mid—term evaluation.



8. OTHER RELEVANT RECOMMENDATIONS

Below additicnal and more detailed recommendations will be given.

1. As already mentioned ITMMEC should aim at achieving competence
area-wise and not industry-wise. The priorities for these areas

should be spelled out carefully, taking into account:

a) the infra-structural facilities available at IIT-Delhi

b) the immediate relevance to the needs of the Trdian
industries

c) ease with which the credibility of ITMMEC can be estab-
lished vis=a4=-vis industries

d) the time factor involved in building up the competence in

the particular area.

2. The equipment procurement should be programmed in such a manner
so as to agree with the desired competence build-up. SINTEF
in consultation with the Head of ITMMEC should plan how the
competencé in the identified area can be built up. If SINTEF
can arrange a suitable programme in its own organization in a
time-bound frame-work, then it should ke done so. If SINTEF
cannot do this for one reason or another, then it should
identify other places (including third countries) where effec-

tive training can be provided in the area of interest.

It is desirable to set up an Equipment Committee to scrutinize
and approve the procurement of eguipment when the cost of
individual items exceed a certain amount. The composition of
this Committee should be such as to give suitable advice to
ITMMEC regarding the desirability, priority, duplication,

and other aspects of the eguipment proposed to ke acouired,

3. SINTEF and ITMMEC should make sure that during the partici-
pant's stay outside India, the participant gets an cpportunity
to associate himself with a project that is going cn at the
rlace of training. It is desirable, that the Indian partici-
pant, before leaving India for traininc abroad, visits other
places in India, where work in the particular area may be

going on. This will provide a certain degree of background to
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the participant thus enabling him to utilize nis period of

stay abroad much more effectively.

In those areas where ITMMEC has built up competence, short
term courses to persons from industry should be organised.
This will provide a certain degree of confidence to the group
concerned in facing industrial participants and also enable
ITMMEC to sell itself and establish its credibility. ITMMEC
should not involve itself in offering courses where its compe-
tence does not exist, as otherwise, its credibility will be

jeopardized.

ITMMEC should strive hard to submit proposals to sponsoring
agencies such as CSIR, DST, Ministry of Industry, ISRO% etc.
The proposals should deal with problems having industrial
relevance. Since Tribeclogical Systems is one of the thrust
areas identified as important for financial support and pro-
motion, ITMMEC should definitely take advantage of this aspect.
In the execution of these sponsored projects, SINTEF can also
participate as an equal partner since the involvement will
also benefit SINTEF. SINTEF should also consider raising
funds for this purpose from Norwegian sources. The eXperiences
and results gained from both sides can be shared. Also the

possibilities to create joint ventures between Indian and

‘Norwegian industry should be explored.

If a staff member wishes to work for his PhD, the problem
should as far as possible have relevance to industry. In this

process, SINTEF faculty can also act as co-guides.

For the two-semester post-graduate diploma programme that has
already been suggested, the dissertation projects identified,
should be in the areas of competence already developed, and
possibilites of having the project works carried out in the
candidates' own industrial invironment should be stressed.

In this process, SINTEF staff can also take part as co-guides.
Heavy involvement in very academic programmes at initial

stages should not be undertaken.

1

CSIR
DST
ISRO

Council of Scientific and Industrial Research,
Department of Science and Technology,
Indian Space Research Organization.

i1



It is desirable that ITMMEC become successful in getting indu-
stry sponsored projects. As this kind of culture on the part
of Indian industries may not exist to the desirable extent,
perhaps, ITMMEC along with SINTEF should make in-roads to

some forward looking industries. With financial assistance
from the Ministry of Industries and other sponsoring agencles
(like UNIDO, UNDP, etc.), ITMMEC along with SINTEF, should
take up study projects pertaining to certain critical aspects
like failure analysis and prevention, wear reduction, noise-

control, etc.

There are many forward loocking industries in India who are
prepared to sponsor projects. These should be identified in
areas like noise reduction, vibration control, failure
prevention through suitable maintenance, etc. ITMMEC should
definitely take advantage of this. These projects can also be

at individual consultancy levels.

ITMMEC should explore the possibilities of making its facili-
ties available to persons who can take up industry oriented
projects and earn their own salaries through such industry
sponsored projects. The salary structure for these persons

can be higher than those followed for regular faculty members.
However, certain precautions may have to be exercised regarding

the suitability of these industry-sponsored projects.
In the difficult process of bridging the academic culture and

the industrial culture this could be instrumental in instill-

ing some of the industrial culture at ITMMEC.

In marketing the Centre the large number of users and the low
level of technological competence of many users are straining
the resources of the Centre. Thus, initially at least, marke-
ting should preferably be directed towards larce and competent
users. Small scale industries could be served at a later stage

through the use of intermediate organizations.



GENERAL EXPERIENCE FROM THE EVALUATION

The general experience from the evaluation will be summarized with

a view to present their applicability to high technology projects

involving foreign aid and technology transfer. References will be

made to corresponding sections of this report for further details.

. 0 |

Initiation

The role of NORAD in the initiation of the project IND 014
was responsive rather than active. The dual roles to act as a
technical and managerial advisor both to NORAD and ITMMEC
were assigned to SINTEF first informally and then formally.
The process of reaching contractual agreements as well as the
product in forms of contracts had several flaws as dealt with
in Section 5.2. There is in general a large amount of risk
taking involved in the pre-planning and launching stages of a
high technology project in the sense that sins of omissions
and commissions are easily made regarding choice of partners
and contractors, manning, location and initial strategies and

activities.

Planning

The objective of ITMMEC was early conceived of as serving
Indian industry. Such an objective was also a selling point

in India at the time when the idea of the Centre was launched.
There was a risk of over-selling the proposals without
establishing priorities or procedures for doing so. A survey
of industrial needs as perceived by industrial representatives
was made in 1972 and again in 1975. This was a natural start-
ing point for planning but no priorities were established and
the knowledge gained was too superficial in nature. Efforts

to arrive at a strategic plan for ITMMEC and the Project were
insufficient and the understanding of real needs in Indian
industry was inadequate as an input to such a plan. The lack
of explicit strategic planning in the Project as distinguished
from annual planning and budgeting has been pointed out in

several sections of the report, for example in 5.2 and 7.
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Organization and management

Recent management theory as well as actual experience point at
the need to consider technology-intensive organizations in a
dynamic, or life cycle, perspective, taking environmental
changes into account. Thus a phase oriented framework ought to
be elaborated upon for high technology projects and organiza-
tions. This has been dealt with in Sections 6.1, b2 End 7.
A proper time perspective is then naturally important. As a
point of reference, experience from developed countries point
at the necessity to allow a decade or so for an R&D unit to
fully establish itself, given that it is not an offshoot from

a mother organization.

Cooperation with the recipient country

In a high technology project as IND 0l4 with a large part of
technology transfer involved, it is important from an effici-
ency peint of wview that the technological and cultural gap
between actors on the donor and recipient side 1s not too
large. This problem may be accentuated if managerial responsi-
bility is left with the recipient. The international nature

of the S&T culture may decrease the importance of cultural
and social differences.

There has in IND 014, as in many technology transfer projects,
been a pre-occupation with the transfer of hardware and
operating skills. These are necessary but not sufficient and
mav become overemphasized. Even if a primary responsibility
rests with the recipient to acquire application skills as
well, the donor ought to take on a secondary responsibility
to cater for this and also attempt to overcome barriers 1n
this respect on the recipient side. A similar point may be

made regarding managerial skills.

Concerning cooperation in fulfilling contractual obligations,

this is dealt with in section 4.2.

Development effect

It is yet too early to assess development effects among the

users of ITMMEC in Indian industry. A recognition of and
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awareness in Indian industry about tribology and maintenance
problems is developing and in this process ITMMEC has already
contributed. A certain educational effect has also resulted.
Substantial assistance in industrial problem-solving through
R&D and consultancy is yet to come. This has been dealt with

in sections 4.3, 5.3 and 6.5.

Plan versus reality

The time and cost overruns in IND 014 are substantial and
conspicuous. Yet they are not exceptional in high technology
projects. For example a doubling of costs and occasionally
time is not unusual for an industrial R&D project. Such over-
runs are attributable to several factors, including un-
certainty, lack of planning in embryonic stages and a propen-
sity of advocates to be overly ambitious and to underestimate
costs and necessary time. In technology transfer projects
there are additional complications since there are more actors
involved. Maybe competence building has to take place at the

donor side as well.

Time and cost overruns in IND 014 and some of their reasons
are dealt with in sections 2.2, 5.1 and 5.3. A close follow-
up of status reports, plans and budgets and the provision of
an early warning system for corrective action has been lacking.
A proper cost accounting and cost consciousness is yet to be
developed at ITMMEC. There is also a learning process at the
donor side, that is at SINTEF and NORAD, which so far has had
limited experience from high technology projects in developing
countries. The situation with dual roles of SINTEF to monitor
the Project more or less on behalf or NORAD, at the same time
being a technical collaborator to ITMMEC, has not been
fortunate. NORAD ought to take on a more active role in
managing a high technology transfer project. An in<house
competence to perform regular audits ought to be built up at
NORAD. Also NORAD ought to take on larger direct managerial
responsibilites in the Project Coordination Committee and the
Management Committee at ITMMEC, among other things in regard to
contracting and subcontracting. However, it must finally be

kept in mind that bureaucracy and rigid planning may easily



choke the creativity and entrepreneurial initiatives, which

are needed in high technology projects.

9.7 Choice of technological field

There is no reason to doubt that industrial tribology quali-
fies as a field for NORAD aid, given that a certain amount of
NORAD aid is allocated to high technology projects and given
the importance of industrial tribology in Indian industry.

This has been dealt with in section 3.1.

9.8 Method of evaluation

The methodological experience has been positive from this
particular case of evaluation, using a team composed of 2+2
independent members appointed by the donor and recipient coun-
tries with a team leader from the donor side. However, such a
choice of an evaluation method may be a risky one for seve-

ral reasons:

(1) The group may not be able to settle itself in a short

time;

(2) A 4 member group easily divides into two blocks, especi-
ally if two countries, two professions or two generations

are involved;

(3) The donor - recipient relation may induce asymmetry and

bias in the evaluation;

(4) Conflicts in the team may arise and consensus-seeking

may become arduous.

This points at the need to be careful to select the team
members and make preparations for the evaluation especially if
evaluation time is short and team members do not Know each
other. Naturally this type of team evaluation has advantages .
of being able to cover a pre-set range of perspectives and
draw on a pool of experience and also to stimulate creation
of ideas and checking of obserwvations, but the socio-
psychological aspects of small group dynamics must to the

extent possible be given judicious consideration.,



Concerning the object of evaluation, it has been felt necessary
to go beycond a pure evaluation of fulfilment of contractual
obligations and pre-set objectives. The history and process
behind the inception of the Project and especially the pro-
spects for the future were important to look into, In doing so,
it has been our aim to provide inputs for a strategic plan and
identify instruments for implementing recommendations. A
strategic perspective in an evaluation must not preclude

diving into details of operation in some selected areas,

Concerning criteria for evaluation, these must be adapted to
the actual phase of the Project in which the evaluation 1s
done. It is vet too early in IND 014 to apply a set of
indicators to the various activities of an established R&D
unit in order to assess their contributions to objectives. In
doing so, flexibility must also be allowed for, due to un-
certainty, the intangible nature of R&D results, the long
time spans involved and the sensitivity needed to assess

capabilities of R&D personnel.

Finally it must be recognized that an evaluation creates a
certain dynamism in and around the object of evaluation. While
this may complicate the evaluation procedure, it generally has
a positive and hopefully non-transient effect on the
performance of the object of evaluation.






AFPENMDIX T

July 1, 1981

TERMS OF REFERENCE
for the evaluation of the Project IND 014 - Tribology Centre.

i Background

The Indo-Norwegian Agreement for the establishment and operation
of the Industrial Tribology, Machine Dynamics and Maintenance
Engineering Centre (ITMMEC) at the Indian Institute of Technology
(IIT), New Delhi, was signed in November 1977. The operation of
the project bagan in 1978.

The funds available under the Agreement, 13 million Norwegian
kroner, (increased to 18 million Norwegian kroner due to an
upward revision in 1979) shall over the 4-year period 1978-1981

be used to cover:

i) the expenses connected with the consultancy services
provided for in the Contract between the Norwegian
Agency for International Development (NORAD) and the
Foundation of Scientific and Industrial Research at

the Norwegian Institute of Technology (SINTEF).

ii) the expenses connected with training of IIT personnel

in Norway.

iii) the costs of purchase, insurance and transport of
equipment and materials required for the implementat-

ion of the Project.

In the annual consultations between the two governments in
October 1980, it was agreed that a joint evaluation of the
project would be undertaken during the first half of 1981 includ-

ing a review of any assistance requirements.

IT. Participants, mode of work

For the evaluation task, NORAD and the Government of India have

appointed the following participants:



_Az...

Associate Prof. Jon Sigurdson, Research Policy Institute
University of Lund, Lund (teamleader)

Associate Prof. Ove Granstrand Department of Industrial Management
Chalmers University of Technology

Gothenburg

Professor L.S. Srinath Department of Mechanical Engineering
Indian Institute of Sciences
Bangalore

Shri A.K. Raman Divisional Manager R&D

Scientific Research Centre
Escorts Ltd., Faridabad

The evaluation will take place in June/July 1981. The joint work

of the Norwegian and Indian team members in India will be limited

to approximately four weeks, including the drafting of the Report.
The evaluation team will act as an independent group. The assis-

tance it requires will be made available by the Project management
IIT, Indian authorities and NORAD's Resident Representative 1in

New Delhi.

The work will include the review of relevant documents, talks and
interviews with Project and ITMMEC personnel, relevant Indian
authorities, experts, and with representatives of wvarious sectors
of Indian industry. Visits to other relevant research institutes
and to industrial companies may also be included in the work

programme.
If the time permits, it may also be useful for the evaluation team
to carry out a limited number of case discussions as to how the

resources of the Centre may be made available to Indian industry.

) el 2 Tasks of the evaluation team:

I. Objectives and obligations

1.1 The reference point for the assessment of the Project will
be the objectives - explicit or implicit - of the Project.
The evaluation shall outline the structure of objectives
for the Project, defined by the overriding development

problems of the sector in question, and by national policies

for foreign assistance to technological research and

development.
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L2 The evaluation Team is requested to assess whether or
to what extent the obligations of each party as spelt

out in the Project Agreement have been fulfilled.

2. Establishment of ITMMEC

The evaluation team shall:

2+1 Take a close look at the integrated character of the
Project (with elements of expertise, equipment as well
as training), the close relationship that has been
established between SINTEF and ITMMEC, and see how

independence and self-reliance on the Indian side can

under these circumstances be secured.

242 Evaluate the situation regarding the recruitment of
qualified scientific and other personnel for the
ITMMEC, and what the prospects are in this respect.
Identify the main reasons for recruitment problems

and point to possible solutions.
2:3 Assess the role and character of Norwegian expertise.

2.4 Consider the training of Indian experts in Norway and

elsewhere abroad, and see whether

- it has been restricted to areas where sufficient
domestic training is unavailable, and whether the
balance between training abroad and expatriate-

assisted training in India has been rational,
- it has been relevant to the needs of the Centre,

- international training facilities have been offered

to the best personnel and if those trained through

the Project have stayed at the Centre afterwards,

- and to what extent the Project should finance parti-

cipation in international conferences and meetings.



2e5 Assess the equipment of the Project as to whether

-~ +the selection of items and makes has been satis-

factory,

- the general status of the Project warrants further

screening of the equipment lists,

~ there are ways of speeding up the delivery of equip-
ment, and if more of the equipment training and
tests could be carried out at ITMMEC rather than at
SINTEF,

- the Centre has been adequately prepared to utilize

and maintain the equipment.

2.6 In general, take a fresh look at the scope and list of
activities of the Project, with a view to establishing
clear priorities. See to what extent the activities
are in accordance with the major requirements, as under-
stood in the light of national policies and Project

objectives.
2l Examine the functioning of the organizational set-up of
the Project, i.e. the triangle NORAD-SINTEF-ITMMEC,

and the internal administrative structure of ITMMEC.

2.8 Assess the role of SINTEF in the operation of the

Project.

The relevance and usefulness of the Centre - relations with

Indian industry.

It has been an important concern of this Project that the
ITMMEC should be an institution serving Indian industry. 1t
will be a priority concern of the evaluation team to examine
the likelihood of success in achieving this, when the centre
is fully established.

3.1 A Centre like ITMMEC will quite logically be predomi-

nantly geared towards the more advanced technological
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sectors of Indian industry. Given the great techno-
logical variety of the Indian production structure,
however, and the essential significance of "traditional"
or intermediate technology for the majority village
population of the country, the latter sector should

not be excluded from research and development in
tribology. The evaluation team is therefore invited

to take a look at the viability of developing parallel
activities of interest for the typical village
industrial or semi-industrial sectors, within the

priority programme of the Centre.

It may still be too early for an intimate relationship
with Indian industry to have materialized. However, a
serious attempt should be made to assess the prospects
for such a relationship, hased on the present set-up
and programme of the Centre. With this in mind, the
evaluation team shall

3.2.1 Find out to what extent industry has been involved in
the definition of activities for the Centre, and suggest

how such participation may be strengthened,

3.2.2 Look thoroughly into the problem of establishing
cooperation with industry for the work of the Centre,
identify reasons for possible shortcomings and come up

with proposals for improvements of the extension service.

3.2.3 Assess the value of industrial workshops initiated by
ITMMEC.

3.2.4 Study the viability and consequences of involving Indian

industry more directly in the financing of the Centre.

The Continuation of the Norwegian Assistance to the Centre

and the Project

On the basis of the conclusions drawn from the questions

raised in part III, the team is requested to give 1its recommen-
dations as to the Continuation of the Norwegian assistance

to the Centre, and to the requirements for possible further

assistance to its development, i.e. continuation of the Project.
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Repmrting

A preliminary Report, containing the main conclusions, shall
be prepared before the end of the Team's joint work in India.

The final report is to be submitted to NORAD within one

month thereafter.

Nils Vogt

Assistant Director General
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APPENDIX II

AGREEMENT

between
THE GOVERNMENKRT OF THE REPUBLIC OF INDIA
and
THE GOVERNMEINT OF THE KINGDOXM OF HNORWAY
regarding

The establishment and operation of the Industrial
Tribology, Machine Dynamics and Maintenance Engineering

Centre in New Delhi, India.

The Government of the Republic of India (hereinafter
referred to as "India") and the CGovernment of Tthe Kingdom
of Norway (hereinafter referred to as "Norway"),

in pursuance of fhe Agreement between the Government
the Republic of India and the Government of the Kingdom of
Norway regarding Cmﬁmpgratiﬂn for the Economic and Social

Development of India, dated 8 February 1974,
have acreed as follows:

Article 1

Scope

Norway and India will during the years 1977-1¢80
co-operate in the estahlishment-énd operation of the
Industrial Tribology, Machine Dynamics and Maintenance
- Engineering Centre (hereinafter referred to as "+he Projec.

outlined in an Annex to this Agreement.
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Article II

Representation

In matters relating to the implementation of the
the Norwegian Agency for International Development (K
shall represent Norway, and the Department of Educati
the Ministry of Education and Social Welfare, repreﬁE
the Indian Institute of Technecloay, New Delhi (IIT),

represent India.

Article III

Contributions and obligations of Norway

1. Norway shall, subject to Farliamentary appropri:c
provide financial assistance on grant terms not excee
Norwegian kroner 13 000 000 (Nkr thirteen million) Ifc

partial financing of the Project.

2% The funds to be made available under this Agreen

be utilized to cover:

(i) the expenses connected with the consultancy serv
referred to in Article V, 2, and in the Annex,

Section 3;

(ii) the expenses connected with training of IIT pers

~in Norway. Norway will cover:

= travel expenses between India and Norway,

o internal travel expenses in, Norway in conne
with the training of the personnel,

- living expenses, social insurance fees and
allowances in accordance with the regulatic
force from time to time for the Norwegian !

ship programme.

(iii)the cost of purchase, insurance and transport o:
equipment and materials required for the implem

of the Project;
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3. Norway shall present to India semi-annual reports on
the expenditures incurred by Norway under the present

Agrecment.

Article IV

Contributions and obligations of India

India shall:

3 1 Be responsible for the azdministration of the Project,
and provide the necessary funds, academic and professional
manpower and all additional resources, facilities and

services which may be required for the successful implemen-

tation of the Project;

2. by 1 September each year, present to Norway for

approval:
(i) 1lists of eguipment to be procured under this Agreement,
(ii) annual budgets for the funds needed for such purchases;

3. by 1 March and 1 September each year submit semi-

annual reports to NORAD on the progress of the Project;

4. promptly inform Norway or .its representatives of any
condition which interferes with or threatens to interfere
with the successful accomplishment of the purpose of this
Agreement.

Article V

Co-operation and Administration

3 I Norway and India shall co-operate fully-tn ensure that
the Project is implemented in an efficient manner. To that
end, each Party shall furnish to the other all such informa-
tion as it may reasonably require, and shall be free to

send its representatives to visit the sites of the activities

a—

undertaken under the Project. -
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Procurement and shipment of equipment to be provided

by Norway under the present Agreement shall be carried out

according to the procedure set forth below: (

(1)

<

A consultant firm (hereinafter referred to as "the
Consultant"), contractually responsible to NORAD for
the conduct, execution and quality of its services,
will prepare tender dccurents, call for tenders,
evaluate the tenders received and present to NORAD its
recommendation as to which supplier shall be given

the individual assignments,

(ii) NORAD will thereafter enter into contracts with the

suppliers in question.

(iii)NORAD shall be responsible for shipment of the egquipmen

and shall in that connection notify India of the estima
date of arrival of all consignment of equipment immedi-
ately upon dispatch of carriers from a port of loading
and shall also forward shipping documents, invoices

and other related information.

(iv) India shall:

(a) notify NORAD of the import clearance agents to be
used by India and of the documentation required

for customs clearance,

(b) promptly issue import licences, after receipt of
all required documentation and particulars in

compliance with formalities,

(c) take all appropriate steps to ensure swift berthir
and clearance of vessels and quick and safe recept

of cargo,

(d) take appropriate measures for stnr#ge and early

onward transportation,
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(e) defray a2l costs and fees, such as eustoms dutiecs
and Tartour fees pertaining to the entry of
equipment into an Indian port, storage, and onward

transporztztion in India,
—
(T) teke on its own account as consignee, with respect
to any consignment of equipment, such demurrage

and disrztch as may eccrue at an Indian port.

(v) India shall zlso establish procedures whereby the custcms
duties, taxes or any other fees normally imposed in
India shall rot be charged to Norway in relation to
the supply of the said equipment.

(vi) If any consicnment of equipment is partly or entirely
lost or damaced during shipment to the port of destinatior
India shall take all appropriate measures and institute
any proceedings that may be required in connection

. | therewith, such as lodging of sea protest against

shipowner, obtainment of damage reports, etc., and

shall notify NORAD as soon as possible thereafter.

r
»

(vii)In the event of establishment of a loss or damage of any
consignment of equipment, NORAD will pursue the matter
vis a vis the insurance company if in NORAD's opinion
such action is justified. NORAD shall at its earliest
convenience, within the limit of any amount that may be
paid to NORAD under the policy of insurance taken out,
grant adﬂiticnal_equipment of a value equal to eguipment
lost or damaged. NORAD is under no further obligations

than those stated in the previous paragraph.

Article VI
Disputes — Entry into force - Termination
1. If any dispute arises relating to the implementation
: or interpretation of the present Agreement, there shall be
mutual consultations between the Parties with a view to

secure a successful realization of the purpose of the

Agreement.

‘h-
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2. The present Agrecment shall enter into force on the

date of its signature.

3. The Agreement shall terminate on the date upon which

both Parties have fulfilled all obligations arising from it.

4. Notwithstanding the preceding paragraph, either Party
may terminate the present Acreement by giving six months'

written notice to the other rarvy.

IN WITNESS WHEREOF, the undersigned, being duly
authorized thereto by their respective Governments, have
signed the present Agreement in two originals in the English

language.

Dorig/in NEW DEIHL .. this ..2nd...... day of NOVEMBER1977.°
/ % .

) ] ) -J___H-??
(FER GULOWSEN) ) (A.S. GILL)
Ambassaador of: Norway - Additional Secretary
For the Government of For the Government of

the Republic of India
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The Project is based upon the official request dated
25 November 1975 from the Government of India and the
report of 6 April 1976 from the NORAD appointed mission to
study and assess the Project prﬁ%usal, prepared by the
Indian Institute of Technolocv, New Delhi.

L The Project shall comprise the establishment and
operation of an "Industrial Tribology, Machine Dynamics
and Maintenance Engineering Centre". The Centre will be

located in New Delhi.

The purpose of the Centre is to further industry oriented
research and development activities at the IIT in the field
of Industrial Tribology, Machine Dynamics and Maintenance
Engineering, and wi%hin this field to foster co-operation
between the Institute and industry and commerce, as well

as with other research organizations.

Activities of the Centre are envisaged to fall within

the following categories:

:a] Consultancy and development projects for Indian
industry with the aim c¢f giving advice and assiétance
to Indian industry within the field of industrial
tribology and maintenance.

- “j

b) Research projects nf direct relevance to Indian
industry with the view to developing and
improving maintenance methods and techniques and
adapt aﬁgilﬁble methods to local conditions.

c) Courses and seminars with the aim of upgrading skills

of industrial maintenance personnel at all levels.
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d) Internal courses and training seminars within the
Centre to acquaint personnel with available methods
and techniques and to train personnel for active parti-
cipation ir&industrial consultancy and development

projects.

2 At the intitiation of the Centre IIT shall make avail-
able about 1000 m2 of laboratory and building space for
the activities of the Centre. An additional 500 m2 shall be

made available in due course.
Salary expenses for IIT personnel is to be met by IIT.

3a The Consultant shall, in addition to the services
referred to in Article V.2 of the Agreement, assist in the
implementation .of the Project. Collaboration between IIT

and the Consultant will mainly take the form of joint parti-

cipation within the areas:

aj Personnel education and training with the object of
familiarising personnel with advanced methods and

techniques of relevance to the Indian industry.

b) Jnint research projects otf common interest within the
field of industrial tribology and maintenance. These
projects should be actively pursued both in India and
Norway and should be organized for the optimum use of

common research resources.

!

-
S

c) Joint participation in industrial research and develop-
ment programmes. In Norway this should be achieved by
integrating visiting Indian personnel into appropriate
programmes which the Consultant is carrying out in
collaboration with Norwegian industry. In India, the
Consultant should take part in consultancy and develop-
ment projects which the Centre will be carrying out

for Indian industry.
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4. The Centre shall be an integral part of the I1T, New

Delhi, which will also be legally rcsponsible for its

operation.

The ﬂrgapizatinnal structure of the Centre shall be

~given the following form:

-~

Advisory Committee

The Centre shall be adviseé by an Advisory Committee
CGHEl$tlng of from 15 to 20 members. Half of the members
of the committee shall be IEPIESEntEtiVEE:Df the Indian
industry whereas the others shall ccme from Government
ministries and 11T, ﬂEWfDelhi. The Director of IIT, or a
member nominated by him, shali be chairman of the Committee.
The Committee, -which shall be given authority from and |
IepmrtixmthE:DirectDr of 11T, New Delhi; shall meet at

least twice a year.

The Committee shall endeavour to secure proper and
necessary interaction with the industry and particularly
ensure that unnecessary duplication of wmrk is avoided.
It:ualmpnrtant that the Committee seeks to keep the work
of the Centre attuned to the nﬂeds Gf industry at all times.

-l-

Management Committee

The Management Committes iIor the Centre will consist
of six members, namely:

4
¥

. Director, TIT, New Delhi,

- Head of the Centre,

i Dean of the Industrial Consultancy & LlﬁlSDn,

- a member from the industry,

- -Itwu other members to be nominated by the Director,
who are actively associated with the working of the

Centre.

Director, IIT, New Delhi, or hisibmminée will

beljﬁdrman.nf this Committee.
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The Project Manager, whenever he is in India, will be

coopted as a member of the Committee.

This Commigtee will meet frequently for a proper imple-
mentation of the work of the Centre, to reccive progress
reports from the Centre and ensure speedy irmplementation
of the projects and promote interaétiﬂn between the industry
and the Centre. The Head of the Centre will be responsible
for day-to-day operation within the mandate given by the

Management Committee.

Head of the Centre

The Head of the Centre shall be appointed by the Director
of IIT and shall be responsible for the day-to-day operation
of the Centre. The Head operates within a mandate given him

by the Management Committee, tO which he reports.

Project coordination

A Coordination Committee shall be established with the

responsibility at annual project review meetings to

a) assess progress reports and make recommendations as

+o the annual budgeting of funds available from Norway.
b) handle details of co-operation between the parties.

The Coordination Committee ghall+cunsist of two IIT
representatives, namely the Director of IIT and the Head
of the Centre, and two representatives of the Consultant,
one being the Project Manager and the other a representative

of the Central Administration of the Consultant.
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AFPENDIX ITZT

CGoR T RACYT
beiveen

TIHE NORWEGIAN AGENCY FOR INTERIATIONAL * DEVELOPMENT

and
SINTETF
rogarding

Consulting services in connection with the establishment
and operation of the "Industrial Tribology, lMachine Dynamnics
and Maintenance Enginesring Centre" (ITMMEC) in New Dehli

in
the Republic of India

"his Contract is entered inte between the Norvegian AGency
for Intematicnal Deveiciment (hercinafier referred to as
“NORAD") having its headauarters located at Sgrkedalsvelen
10 B Cslo-Dop., Oslo 3, Norway, and Selskapet for industriell
og teknisk forskning ved Norges tekniske hagskole (hereinafter
referred to as "SINTER") ﬁavjng its princip:d office located

at N-7034 Trondheim-NTH, Norway. !
WITNESSETH

WAEKEAS, an Mgreement regarding co-operation in the
esta_lali.slrmmnt and operatiocn of the ITVMMEC, New Dehli, between
the Governient of the Kingdom of Norway and the Government of
the Republic of India (hereinafter rcferred to as "tne

Project Apuensnt") was signed 2. Novarber 1977.

-

VISRELS, WOIAD in accorcdance with the tenes of the Project
Mgrecment decires to engage SINTLIVED verform the ccasulting

services outlined in Arnex 1 to the said . Project Agrccnent;
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WIEREAS, SINIEF represents that it is ready, valling and
able 1o porform such sexvioos;

NOW THEIRGIORE, the Parties hereto nutually agree as follows:

1. Scop2 of services

SINTEF undertakes on the tenns and conditions set forth

“herein, to pezrform consulting services (hereinafter

referred to as " the Services") according to specifications
contained in the Terms of Reference attached hereto,
and shall thereunder exercise all reasonzble skill,

carec and diligence.

1.1. SINTEF will provide necessary professional and
' supporting staff to neet the obligations laid
down in this Contract. The camposition of the

staff is subject to the approval of NORAD.

1.2. SINTEF shall provide the necessary professional
support for the Indian perscnnel under training
in Norway. This includes provision of office
facilities. ]

L3 SINTEF shall assist in providing adequate housing

for Indian personnel under training in Norway.

l.4. SINTEF may, %f iﬂESi]:‘ablEi; call in the assistance
of other fimns/institutions without charaging any
overhead costs. The sub-contracts containing i.a.
curriculum vitae (C.V.) of personnel etc. will be
presented to NORAD for approval. SINIEF is as liable
":Ec:r the work of the sub-consultants as for its own

T WOXK.
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1.5 SINIEF agrecs that the parfomance of the Scirvices
pursuant to the requircirents of this Contract, shall
conform to high professional standarads.

Y 4 Parmineration and payments

2.1. NORAD shall pay to SINTEF cawpensation for the Services
performed at rates set forth below on the basis of a
detailed description of the activities actually performed
and the period of time actually spent by the personnel
in performing the Services.

(i) For services carried out in Norway, SINTEF
will be paid on an hourly basis. The hourly
rates are to be calculated on the basis of
1,2 0/0n of SINTElF's yearly szlary expanses
for each employee, including expsnses connected
with security and pensicns. The calculation
shall be based on salaries not higher than what
is custanary for personnel with the qualifications
needed for the satisfactory performance
of the Services.
The rates are subject to adjustments according
to adjustments made in salaries and social expenses.

The rates shall, however, in no event. exceed the
maximum hourly rate t;j_'% Statens bygge—- ©g
eiendansdirektorat.

A detailed calculation of the hourly rates for
each menber of SINTEF's staff working on the
Project and their C.V.s shall be forwaraed to
NORAD.

" (ii) For services carried out in ‘India, SINTLCF will
be paid on a weekly basis (necessary travel
days included - max. tyo days per international jowrneY) .
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2.3.

The applicshle rates shall bz baced upon the hourly
rates referred 1o in (1) above and are based on 40
working hours and =ix working days por week. It is
understoond that no overtiine is to e paid uwder this
Contract. NOKAD may, however, on the basis of
detailed justification received fram SINTET make

exceptions from this rule in individual cases.

Travel expenses and expenses for food and accomodation
during the travel will be covered in accordance with
the relevant Norwegian Government Ragﬁlatiﬁns. Air
Flight exoenses shall not exceed the applicable economy

class rate.

A fixed amount of N.kr. 250,- to cover necessary travel

exoenses over and above air fares will be paid for each

" return flight. This anount shall cover expenses for

vaccination and similar preparaticns, cost of transportation
to and from airports, airport taxes and other expenses
incurred during the joumey. Se2 paragraph 3 in Norweglan
Governiment Regqulations for Travelling Abrcad, which 1s

superseded by this clause.

The international. travels are to be approved in advance
by NORAD.

Payments referred to in paragraphs 2.1 - 2.2 above, are
understood to cover all costs in connection with the
execution of the Services ynder this Contract, with the

=
-

exception of: .

2.3.1 All certified expenses relating directly to the
training of Indian personnel in 'Nnrwéy (no overheads
to be charced), such as seminar fees, use of camputers
and special laboratory of instrumental facilities,
literature, telex and telephone expenses.
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2.4.

2:5:

3.1.
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2.3.2. Travel exponses of Indian poersonnel and
exponses for food and accomodation in connection
with annual review meetings held in Norway,
in accordance with the relevant Norwegian
Government Nequlations. Alx flight expenses
shall not exceed the applicable economy class
rate.

CSINTDF will receive remuneration from NORAD on

monthly basis. For services carried out in Norway,
payment will be made against invoices certified by
SINTEF's auvditor. Each invoice is understood to
contain a dstailed description of the activities

performad during the preceding month.

All payments by NORAD under this Contract shall

be made to acoounts designated by SIITEF.

Remmnerations to bz paid by NORAD under this Contrac
shall in no event exceed Norvegian kroner 3.200.000,-
SINTEF undertakes, however, to perform the services
defined or referred to in the Terms of Reference
attached hereto in a fully satisfactory manner, even if
this should involve costs exceading the aforesaid amount.

Annual budget and vrocurement procedure

SINTEF is responsible for drafting the annual budgets

of the Project, .v.-shich are understood to specify the
camponents (including the equipment to be purchased) to
be financed by NORED and the components to be financed by
IIT. The draft budget will be presented to the IIT
SINTEF Coordination Camittee for camments before it is
forwarded by the Indian authorities to NORAD for approval,

" c.p. the time limit set forth in Article IV. 2 of the
' Project Agrecment.

When the budget is approved, it is SINTEF's responsibility
that the SINTEF activities and expenses are kept within
the frame given by the budget.
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4.1.

4.2

4.3.

4.4.

SINIEF will be responsible for thh procurcmont
and the arrangonont of acceptance control of all
laloratory equipnent to be purchased according to
the procurcment preccedure set forth in Mticle V,2
of the Project Agreement. It is left to SINTEF
to decide - in consultation with IIT - whether
purchased equipment items should be shipped
directly to ITT, New Dehli, or to SINIEF for
acceptance control and testing before bezing
transferred to IIT.

A1l shipments to be undertaken according to this
Contract shall be effected by Oslo Havnelager A/S.
SINTEF undertakes to notify NORAD and IIT on

each shipment (date of shipment, name of vessel,

invoice- and freicht value).

Notice and reports.

Any notice or request required shall be in writing.
Correspondence shall be conducted in English, but may
be in Norwegian on matters which are dezmed to be of
no interest to IIT and the Project.

SINTEF 511ail submit to NORAD quarterly progress IEepOrts,
written in English, describing the progress or delay,
difficulties encountered, movement of personnel, meecings
etc. The progress reports shall be supmitted no more
than one month :’:Lfter ,,the period to which they refer.
SINTEF rmy also submit to NORAD other reports

describing project activities.

At the end of each year, SINTEF shall submit to

NORAD a summary report on the activities in the
past 12 months in five copies with English text.

The report is to be submitted not later than

July the following year.

SINTEF and IIT retain the copyright to all documents/
inventions resulting firam the Project. NCRAD may,

T | i P 1--;----1"1.1 ﬁﬁi“{"{“{.ﬂ:
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use these docunonts for parposes considered uceial,

without. boing Jicble to pay any royalties.

5. Respongibility.

SINTEF shall act as a bona fide advisor to IIT
and to MNORAD and shall perform the Sexrvices in

accordance with high professional standards.

SINTEF shall be held liable for any loss or damage to
the Project caused by lack of pmfessimnal campztence
or negligence arising during the execution of the

Services up to the limit of 2 - two — million N.kr.-

6. Entry into force - Cancellation and termination of
the Contract
6.1. The Contract shall enter into force upon 1its

signature, provided, howsver, that services pgrfonred
and costs incurred from .1,Septenharl9 .76..... for
planning and organizing the services shall be deemed
to be covered by the Contract. The Contract: shall
terminate when all cbligations arising fram it have
been fullfilled.

6.2. NORAD shall be entitled to temminate the Contract at
any time.

SINTEIE‘ shall be entitled to terminate the Contract in

case of force majeure.;

L]

In both cases, NORAD shall pay for the services carried
out as well as compensation for proved necessary COSS

incurred.
6.3. If NORAD has terminated this Contract due to

(i) breach of contract by SINTEF, Or
(1i) SINTEF being bankrupt or insolvent,

SINTEF shall receive rciuneration for the part of the

- B e W mieh dam meammrrdanea Wi R Hhe



- A24 -

DIRFRTORATEFT FOR UTVIRIINGSIT]ELD i

Contract. NORAD is, hoiover, entitled to comoznsatin
for any loss or increaced cocts cauvsed by any event
having led to tennination of the Contaact according to

this paragraph.

sSettlement of disputes

Any dispute in connection with this Contract, vhich cannot
be solved amnicably, shall be referred to the cometent
Norwegian court, and settled in accordance with Norwegian

law.

However, if the Parties so agrece, the dispute may be
solved by arbitration according o the Norwegian Civil
Proceedings Act of 18th August 1915, Chapter 32. To

be valid, such Agreement has to be concluded in writing.

0Oslo,30thJanuary, 1978 Trondheim, 2 Febryary 1978
For the Norwegian Agency 3 RS,

for International Selskapet for industriell
Development of teknisk forslkning vad

Nﬂrges te}mmke hcﬁgs-'cu.e

a-szd&f:?//T—d/j\ i //{U : JL?/(/{--'{L(

Lasse Aasland
Director
Administrative Department
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SINTEF

In pursuance of the Project Agrcement between the Governmant of
Norway and the Government of Inﬁia, cated 2 Nr::werrﬁ:;er 1977, Noxrway
shall, subject to Parliamentary appropriations, provide a grant
of up to kroner 13.000.000,- for the establishment and operation
of the Industrial Tribology, Machine Dynamics and Maintenance
Engineering Centre in New Dehli, India.

SINTEF's services will, in addition to those mentioned in the

Project Agreement, include the following:

2.1. Advise and assist in personnel education and training with the
object of familiarising Indian perscnnel with advanced

methods and techniques of relevance to Indian industry.

2.2. Advise and assist in research projects of interest within the
" field of industrial tribology.

2.2. Participate in industrial research and development programs
+o be achieved in Norway by integrating Indian visiting personnel
into appropriate programs w]*iich SINTEF is carrying out in
collaboration with Norwegian industry, and in India by
participation of experts from SINTEF in consultancy and development
projects which the Centre will be carrying out in Indian
industry. .

2.4. Advise and assist in the purcﬂase of equipment to be provided
by Norway under the Project Agreement.

2.5. Arrange for the necessary quality control of all equipment referrec
to in Article V.2 in the Project Agreement.

o

SINTEF shall work in close contact with the Indian Institute of
Technology and other relevant institutions and agencies in the field
of industrial tribology.
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Summar ¥y

The Indian government has, with reference to a project proposal prepared
by the Indian Institute of Technology (IIT), New Dehli, requested
financial assistance from Norway to create a centre of "Tribology,
Dynamics and Maintenance Engineering . The project proposal requires a
financial contribution of N.kr. 8.296.000,- from NORAD over a four year
period starting in 1976, and assumes close professional collaboration
with the Fcundation of Scientific and Industrial Research at the Norweglian
Institute of Technology in Trondheim (SINTEF).

Extensive discussions with representatives of the IIT, Indian government
officials and representatives from Indian industry confirm that the

proposed centre, nroperly organized and managed, will represent a significant
contribution to the technological development of the Indian society. The
delegation would also stress that the location of such a centre at the IIT
in Dehli will be an important step towards a closer University—-Industry
interaction of great benefit for both parties. _

The delegation supports the i1dea of establishing a close professional
collaboration 1n the field of Tribology and related areas between the IIT
and SINTEF. SINTEF is prepared to assume such a responsibility and to
commit 1ts resources for this purpose.

The delegation finds the project proposal well prepared and the suggested
resource requirements are considered adequate, seen apart from the equipment
budget which need to be raised to include necessary spare parts and
accessories. The project proposal includes a financial contribution from
NORAD, of N.kr. 8.296.000,- over a 4 year neri2d. This does not, however,
include the cost of the SINTEF manpower input. To cover this component as
well, the NORAD financial contribution must be increased to N.kr. 10.889.000,-.
All estimates are based on the cost level of early 1976.

Introduction

A delegation was formed on February 12th, 1976 by NORAD to study and assess
a project proposal, made by the Indian Institute of Technology (IIT), New
Dehli, to establish a centre of "Tribology, Dynamics and Maintenance
Engineering' at IIT. The following individuals were nominated as members
of the delegation:

- Mr. E. S¢dahl Deputy Director General, The Foundation
appointed Head of mission of Scientific and Industrial Research

at the Norwegian Institute of Technology
(SINTEF)

— Dr. H. Christensen Professor, Head of Research, SINTEF

~ Mr. H, Hg¢ydahl Director, Systematic Maintenance
Consultants (SYMAC), Senior Consultant,
NORCEM

- Mr. E. R¢rstad Senior Planning Officer, FPlanning

Department, NORAD
- Mr. 0.A. Lunder Resident Representative, NORAD, New Dehli
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The terms of reference required the delegation to investigate and assess
the Indian project proposal of November 25th 1975, and to make
recommendations for possible changes in the project proposal and to
assess the extent of possible Norwegian assistance, both financial and
technical. The complete "Terms of reference" for the delegation are

attached, appendix 1.
The work of the delegation has fallen into two parts:

1. A visit to India in the period February 18th - March 2nd, 1976.
The programme for this visit was worked out in close cooperation with
the IIT authorities and included extensive discussions with representa-
tives of the IIT, Indian government officials and representatives from
industry. The programme also included visits to a selected number of
industrial enterprises. The full programme for the visit to India is

attached, appendix 2.

2. On return to Norway the mission made a final amalysis of the findings
and prepared this formal report.

Before proceeding with the report the delegation would like to express
its thanks to Dr. N.M. Swani, the director of the IIT and all at the
IIT who contributed to the success and pleasure of the visit. Dr. Swani
and the IIT team attached to the delegation during the stay in India,
could not have been more thoughtful in seeing to the needs and wishes
of the delegation. Dr. J.P. Sharma and professors R.C. Malhotra,

B.C. Nakra and J.S. Rao as well as the members of other faculties the
delegation met at the IIT were all very considerate in giving their
time and were exeedingly helpful in providiecg cthe delegation with the
necessary information and sharing their idezs. Tha delegation express
its sincere gratitude to all.

The significance of Industrial Tribology

The strict scientific definition of the term "Tribology'" 1s the science

and technology of interacting surfaces in relative motion and of related
practices. It covers problems in connection with wear and lubrication.

It is a multi-disciplinary subject. spanning the chemical, mechanical

and metallurgical sciences.

The term industrial tribology is in this report given the much wider defini-
tion of tfAe tecnuulogy which has to do with design of mechanical products
and equipment, and their operation and mainfenance with the aim of conserving
material resources through a reduction of wear, conserving energy through

a reduction in friction, and an increase ot tne economical ﬂperatlnw life

of equipment as well as 1ncreased standards 1n product reliability and
personnel safety.

Wear is a common source of functional disturbances in mechanical equipment
and maintenance is often the critical factor 1n the control of wear. Proper
technological knowledge of this subject is often lacking. The fact that the
annual maintenance costs for production equipment within industry in the
developed countries, amount to 10-207 of the initial investment, clearly
demonstrates the economic importance of the field. Increasing attention 1is
given to the fostering of economic and industrial growth in developing
countries througzh a high investment ratio and through transfer of capital
and technical know-how from industrialized countries.
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Surveys carried out in the developing countries show that much of the
equipment installed in these countries is in poor mechanical condition

. due to lack of adequate repair and maintenance. Thls resulirts generelly

in loss or etficiency or the «quipment, lower” product quality giving

economic losses througn higher preduetlen costs and lower outputs,

Another result 1s fhe direct ueterioration of the equipment, and the short-
ning of its useful life. This is a serious waste of capifal, already 4
comodity in short supply in the developing countries. Industrial development
and the transfer of technology becomes more difficult and costs more.

The developing countries "balance of payments" problem tends to aggravate
this situation as the import of replacement parts and materials grows.

An 1mprovement in the standards of repair and maintenance in the developing
countries could be a most effective and important way of stimulating
industrial zrnwrh. Relatively small resources could yield considerable gains
both in the short and, above all, in the long term.

The talks with representatives of the Indian government, university
authorities and Indian industry has convinced the mission that the situation
described above is, to a large extent also true for India. The Indian
authorities are themselves aware of this as is demonstrated by the weight
and priority given to industrial tribology and maintenance by the government
planning authorities. 1If more advanced and systematic methods and techno-
logies of maintenance and repair could be introduced into industry, a very
significant saving would result. In addition to the reduction in foreign

exchange spending, i‘ncreased standards of maintenance would also lead to the

'lnereeeed life of components and machinerv. eed therefore also result in

higher productivity.

Although India has a number of scientific and industrial research and
development centres or institutes, there is. 2% presernt, no centre with the
reepenelbLllty of edvlelng and assisting iniusccy with thelr maintenance and
repair problems. On the other hand, the mission teune a great willingness
within established bodies and institutions with responsibility for other
aspects of technology (i.e. National Productivity Centre) to cooperate with
a centre of Industrial Tribology and Maintenance if such a centre were to
be established. Likewise, representatives of Indian industry expressed
considerable interest in making use of the facilities and expertise avail-
able at such a centre.

The ITT, New Dehli

The IIT Dehli 1is the youngest of the five IIT's created in India as centres
for higher training, research and development in science, engineering and
technology. 1In the academic year 1974/75 the Institute accomodated 1150
undergraduate students, about 400 students on post graduate courses and about
440 were registered for Ph.D.

In spite of the present surplus of university trained manpower in India, the
IIT graduates are in high demand within Indian industry. This fact demonstra-
tes the quality of the teaching programmes of the Iustitute. The missiocn was
impressed by the high professional standard of the IIT faculty, and a number
of the faculty members demonstrated a keen Interest in working on industry-
oriented problems and giving service to industry. Through the resent estab-
lishment of an Industrial Consultancy Liason Board (ICLB) the Institute has
taken an 1mportant formal step towards an 1increased interaction with industry.

With adequate financial support and proper advisory assistance the delegation
finds that the Institute forms a promising basis for a viable centre for
industrial tribology, machine dynamics and maintenance.
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5.0 Recommendations

Dl

B il

Principal assessment of the project proposal

The basic idea of the Indian project proposal 1s to EEtdbllEh a
centre of "Tribology, Dynamics and Maintenance Engineering" which
will be of benefit to both the academic programmes of the IIT and

the industrial performance in India. The centre is supposed primarily
to undertake industry-oriented research and development (R&D) work
and w11l establish a close liason with the Indian industry through
undertaking contract research proiects, otfering training courses,
seminars and related activities. ‘1lne propusa. assumes a close
collaboration between the IIT, Dehli and The Foundation of Scientific
and Industrial Research at the Norwegian Institute of Technology
(SINTEF), through the accomplishment of joint research projects.

The financial assistance which is requested from NORAD 1is:

approx. 4.5 M.N.kr. for laboratory equipment
£ 3.9 " for recurring expenditure

over the 4 year period 1976-79.

The mission supports the view that a properly organized and guided
industry-oriented research centre such as 1is proposed should
represent a significant contribution to the industrial development

of the Indian society. It should in addition become an important tool
for promoting a fruitful interaction between the IIT as an university
and industry. The mission therefore recommends that NORAD gives the
project its full support.

SINTEF has confirmed to the mission that it is prepared to take on the
responsibility as a collaborating party as described in the proposal,
and to commit its resources for that purpose. The nature and volume
of this function is outlined below.

The objectives of the centre

The centre's name should be altered to "Industrial Tribology, Machine
Dynamics and Maintenance Engineering Centre" (ITMEC) to stress 1ts
industry-ocriented nature. The mission further recommends that the
purpose of the centre should be expressed explicity in the project
documents and would suggest the following formulation:

The purpose of the ITMEC is to further industry- oriented
research and development activities at the ITT, Dehli, in the
field of Industrial Tribology, Machine Dynamics and Maintenance
Engineering, and within this field to foster the cooperation
between the institute and industry and commerce, as well as
with other research organisations.

It is strongly recommended that when the centre has become established

after the initial years, and has proved its viability, the possibility
of enlarging its operation for the benefit of the Indian industry and

the IIT shall be concidered.

Activities and priorities

In line with the proposal the activities of the centre is envisaged
to fall within the following categories as specified in the proposal:
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a)

b)

d)

= (B3 o

Consultancy and development projects within Indian Industry with the
aim of giving advice and assistance to Indian industry within the
field of industrial tribology and maintenance.

Research projects in contact with and in collaboration with Indian
industry with the view to developing and improving maintenance
methods and techniques and adapt available methods to local conditions.

To conduct courses and seminars with the aim of upgrading skills of
industriar wmaintenance personell at all levels.

To arrange internal courses and training seminars within the center
tx:ﬂcqualnﬁwpersnnell with available methods and techniques and to
train personelil for active participation in industrial consultancy
and development projects.

Collaboration ITT - SINTEF

SINTEF's active engagement within the field of industrial tribology and
maintenance extends to more than a decade and a half. Through this
engagement SINTEF has gained considerable knowledge and experience in
handling practical research and development problems for industry.
Collaboraticon between ITT and SINTEF will mainly take the form of inter-
action and joint participation within the three areas:

a)

b)

Personell education and training with the object of familiarizing
personell with advanced methods and techniques of relevance to the
Indian industry

{uint research proiects of common incerest within the field of
industrial tribology and maintenance. Thesz projects should be
actively persued both in India and at SINTEF and would be organized
for the optimum use of common research resources.

Joint participation in industrial +esearch and development urograms.
In Norway this would be achieved by integrating Indian visiting
personell into appropriate_programs which SINTEF is carrying out in
collaboration with Norwegian industry. In India, experts from SINTEF
would take part in consultancy and development preojects which the
centre will be carrying cut in Indian industry.

Resource requirements

a)

Personell

The mission considers the proposed increase of staff at IIT as set out
1n the proposal as realistic. After a consideration of available
personal resources at SINTEF the mission suggests that on the average
a commitment of two man years per year will be allocated to the project.
This includes a SINTEF Project Manager. He will organize and super-
wise training of personell in Norway and also be responsible for the
Norwegian compecnent of joint research projects. He will spend part
of his time in India and part at SINTEF. Through their talks witnh
~epreséntdtives of Indian industry the mission was convinced that the
range of problems to be solved was very wide indeed. This makes it
inefficient to rely on one resident SINTEF expert at the centre.
SINTEF must be prepared to supply a range of experts for shorter
periocds with qualifications matching the problems to be solved.
Although this will mean increased travel costs it is considered
essential for the efficient working of the project.
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b) Equipment

Although the existing IIT laboratories are reasonable well

equipped for teaching purposes their available equipment is

neither complete nor well suited for carrying out the industrial
research work required to be done in the country. The mission
agrees therefore with the Indian proposal that equipment procurement
is of prime importance and should be started as soon as possible.
The mission recommends that the estimate requirement to be raised

to a figure of N.,kr. 6 Million, to include necessary spare parts

and accessories.

c) Space

At the present time IIT is prepared to make about 1000 mz of
laboratory and building spacg available for the activities of the
centre. An additional 500 m“ can be made available in due course.
The mission considers that the ultimate space available to the centre
will be adequate.

Financial support

The project proposal states that financial support for meeting the
objectives of the centre are required from NORAD and from the IIT, Dehli
itself. The proposal also ipndicates an income of about 500.000 N.Kkr

from contract work over the 4 vear period. The mission finds this
estimate adequate for the initial period but reccmmends that a more
ambitious goal should be set for the contract research activities of- the
centre within the next 2-4 vyears. It azress,however,that for the initial
4 year period, NORAD shouid meet a larz=r share of the planned 1nvestment
in capital equipment and instruments, as well as the recurring expences
for exchange visits for professionals, meetrings, seminars, malntenance
expences and for creation of a NORAD chair at the Institute.

Some budget adjustments are necessary as a result of the alteration in
the staff exchange programme (see chapter 5.5), the increase in equipment
budget and to meet the actual cost of the SINTEF manpower input.

!

A revised budget is shown in appendix 3 and =.

The total financial input is summarized in table I.

Table I. Total input i1n the ITMEC over a
4 year period (1000 N.kr)

NORAD ILIT Total

1. Non-recurring expenditure, equilipment
including spares and accessories 6.000 400 6.400

2. Non-recurring expenditure, space for
laboratories and residence 200 200
3. Recurring expenditure 4.8%9 500 5.339

4. Inputs by way of use of existing IIT
facilities . 1.900 1.900

Grand total 10.859 3.000 13.889
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The mission appreciate the difficulty of specifying the IIT financial
support in an interdisiplinary area of this kind, and the figures in

table I referring to this component are taken from Table 4 in the
Indian proposal. |

The mission agrees that the project runs for four years with the possi-
bility of further extention. The rate of capfral expenditure is likely
to be below average the ftirst year, and reaches a peak during the second
and third years.

If the project is started within the next 3-6 month the mission will
recommend that the following activities are financed by NORAD in the
current year 1976:

Visit to Norway by three IIT representatives to
familiarize themselves with SINTEF and NTH and
to discuss details on equipment priorities and
procurement.

Approximately 3 weeks stay 45,000

Procurement of priority equipment 900.000

Meeting of Coordination Committee in India for

detailed planning of activities 1977 45.000
Estimated total cost ~ N.kr. 1.000.000

5.7 Organizational structure of the Centre

The mission feels that, ideally, though operating on the premises and
utilizing the resources of the IIT, Delhi, such centres should be
established as administratively and financially autonomous organizations,
primarely to secure the necessary freedom of operation, especially when
dealing with contract research involving various kinds of commitments,
and to have the possibility of accumulating financial reserves. It 1s,
however, understood that the present constitution of the IIT does not
permit such a solution. The centre will therefore have to be an integral
part of the IIT Delhi which also will be legally responsible for its,
operation. This situation has to be reflected in the organizational
structure which is recommended given the following form:

The Centre should be governed bv an Advisory Committee consisting of
15-20 representatives from Indian Industry, Ministries, Institutions of
IIT Delhi. The Advisory Committee, which has to be given authority from
and should report to the Director of IIT Delhi, should meet minimum twice
a year, and should mainly deal with matters of policy making nature and
to ensure constant ilnteraction with the industry.

—— ——— — — — — —— — T T —— e W ST T——

The Management Committee will be constituted by the IIT and should, for
the sake of efficiency, have maximum 6 members. At least one of the
members should be from industry.

The management Committee will have the same function as a board and should
meet frequently, presumably once a month. -2
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Head of Centre

— T —— —— — — N — T e ——

The Head of the centre who naturally will be appuinted by the Director

of 1IT, will be responsible for the day-to-day operation of the centre.
The Head operates within a mandate given him by the Management Committee,
to which he reports.

Research Divisions

— e e R N N R e e e e S M M S e

The research activities should in the beginning be organized into a
limited number of subdivisions by major research areas.

6.0 Project coordination

The mission recommends that SINTEF 1s made reqponsible for the NORAD
component of the proiject. within a framework laid down in a separate

agreement between NORAD and SINTEF, and that SINTEF appoints a Project
Manager.

It is further recommended that an IIT-SINTEF Coordination Committee be
established with a responsibility at annual project review meetlngs to

a) assess progress reports and make reccmmendaticons as to the
annual budgeting of funds available from NORAD

b) handle details of cooperation between the parties

This committee should consist of two LIT representatives and two SINTEF
representatives.

Trondheim, April 6th 1976

o
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E. S¢pdahl, Head of Mission
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TERMS OF REFERENCE

for

NORAD's delegation to the Republic of India, to study the
setting up of a triboleoqy centre in New Delhi, February 1976.

1. Background

In 1974 India requested assistance from Norway to establish

a centre of "Tribology, Dynamics and laintenance Engineering”.
At the annual review meeting in New Delhi in Octcber, 1975, it
was agreed to recommend that Worway should consider assistancs
in this field. Financial assistance fcr his purpose would be
covere:)] under the allocations recommenced for sclence and
technology under the Norway/India country programme 1976 - 1979,
with 2 mill. kr. in 1976, 3 mill. kr. in 1977 and 2 mill. kr.
in 1978, whereas technical assistance would be covered under
the provisions mades for technical assistance: 0,5 mill. Xr. in
1976, 1 mill. kr. dim 1977, 1 mill. kr. in 1976 and 1 mill. Kr.
in 1979. The type and composition of the assistance would ba
determined on tlo basis of a new and more detailed regquest from

India and after consultations between India ani Norway.

B more dctailed recuest was presented by the Indian authorities
in a letter of November 25th 1975 frem the lMinistily OI EFilpnance,
Department. of Economic Affairs, with a project proposal from
the Indian Institute of Technology (IIT), Wew Delhi.

T

As part of the conzultaticns belween MNorway and India it was

l ¥ o ~ ym = ] R e " i - T - x = P lr-q 4= ™ i i) - -1
agreed during the annual revigy nRSetling chdt Novway should

sepd a mission to New Deibi, in order Lo have a more detailed
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discussion of the Indian proposal for setting up a triboloyy

centre and of the extent and nature of possible Norwegian

assistance.

Appointments

- Mr. E. S¢dahl
is appcinted Head
of mission

-~ Dr. H. Christensen

- Mr. H. Hgydahl

- Mr. E. Rgrstad

- Mr. 0.2. Lunder

Deputy Directer Ceneral,

The Fcunaation of Scientific
and Industrial Research at the
University of Trondheim (SINTEF)

Professor, Head of Research, SINTELEY

Director, Svstematic Maintenance
Consultants (SYMAC), Senior

_Cmnsultant, NORCEI

Senior Planning Officer, Planning
Department, NORAD

Resident Representative, NORAD,
New Delhi,

are appointed members of the mission.

Assignments

3.1 On the basis of a thorough review of the project proposal

of November 25th 1975 the lMission shall study and assess

the following:

3.1.1 the aim of the project,

3.1.2 the extent to which the project is application

oricnted and industry oriented,

3.1.3 the need for tecnnical assistance and to whicn

extoent this must be mebt by Lcrway,

2 1.4 the need for mangover, for permanent staff as well

as Tor research,

and cducation in the ficld of industrial ©

design, developmenl, consultancy
r
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3.1,5 the need for investments (buildings, machilnery,

equipmnent etc.) and to which extent this should

be met by Norway,

3.1.6 the financial cost of the project, over a certain

period and distribution per year,

3.1.7 the need for services of the centre to relevant
industrial enterprises,

3.1.8 the administrative set—up of the centre, co-operation

with private industry, advisory committees, etc.

Recommendations

On the basis of the investigations and assessments
described above the Mission shall evaluate the request,
and make recommendations of possible chances in the
project proposal and the extent cZ vossible Norwegian

assistance, both financial and t=cznical.

-

4. Implementation of the study

4.1

4,2

The study in India should be undertaken between
February 18th and March 1lst 1976.

The Mission should visit relevant industrial enterprises.

The studv should be made in close co-operation with the
proper Indian authorities (Indian Institute of Technology
(IIT), Indian Society for Industrial Tribology, Department
of Scicnce and Technology etc.) and cother institutions,

organizations, individuals etc., as may pde deemed necessary.

5. Report

=1

I report of the Mission's findings, with conclusions and

i
recommendations, should be submitted in English tc NORAD viithin

6 - six - weeks after the couwpletion oi che mission.

Oslo, 9th Vobruazy 1576

wd






i RFY =

APPENDIX V

LISTS OF EXPECTED

X
AND REALIZED CONSULTANCY PROJECTS AT ITMMEC

" Based on information provided bv the Centre
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APPENDIX VI

bt
INFORMATION ON SINTEF PECPLE SENT TO ITMMEC

(NOT INCLUDING CHRISTENSEN AND HUSERY)

X
List prepared by SINTEF (August 1981)
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APPENDIX VII

LIST OF ITMMEC PEOPLE

Al
RECEIVED AT SINTEF SEPTEMBER 1978 - AUCUST 1981

“prepared by SINTEF (August 1981)
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APPFNDIX VITII

STATUS OI' EQUIPMENT PROCUREMEN'T
(Excerpt from SINTEF Memo No. 27, IND 014, 1980-11-07)

In setting up the equipment list in "Draft Budget and Plans of
Operation for 191" the cost of each item was distributed into
appropriate columns according to whether it was (D) delivered,

(0) ordered or (C) under consideration. The cost of items which by
ITMMEC had previously been given second priority (1) was placed in
a separate column with heading (W) "wishes from ITMMEC". We then
reached a total eguipment cost without insurance and freight of
Nkr. 16.7 mill. Since the budget limit for Equipment procurement
is 12.3 mill., we had to reduce this total sum with 4.4 mill, plus
insurance from the C-ceclumn to the W-column. To have a guideline
for which type of equipment should be transferred, the instruments
were grouped according to their field of applications with sub-

groups. They are:

L WEAR AND FRICTION

I.l Material testing
I.2 Wear test via lubricant testing
Machine element test

I.4 Auxillary equipment

11 LUBRICATION

IT.1 Lubrication properties
IT.2 EHD

IT.3 Hydrodynamic lubrication

i i & MATERIALS/SURFACES

IIT.]1 Instruments for chemical analysis of gases,
solids and liguids, especially o0il analysis

ITI.2 Material studies

ITI.3 Material treatment

ITI.4 Surface analysis

ITI.5 Surface treatment
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IV MACHINE DYNAMICS

IV.1 Vibrations

IV.2 Noise and sound measuring equipment
V | NON DESTRUCTIVE TESTING

VI GENERAL LABORATORY EQUIPMENT
Vi.1 Condition monitoring
VI.2 General electronic equipment
VI.3 Temperature measuring devices
VI.4 Mechanical measurement
VI.5 Motors
VI.6 Photographic equipment
VI.7 Data equipment
VI.8 Education/office

Below, we have given the eqguipment list according to this
grouping. Each item that has been transferred from the C-
column to the W-column by SINTEF is given an accompanying
explanation. This transfer has not been easy, since many of

the instruments concerned would have been very useful for ITMMEC.
The transfer should be regarded as a proposal and will be dis-
cussed with the ITMMEC rePreéentatives. A new item 10/80 has
been added, because SINTEF considers it very important that

ITMMEC should be well equipped with instruments for general

maintenance.

Note that the insurance and frei@ht costs are presently not
known. The estimated total sum of Nkr 697.000 probably is
too low and therefore the sum of equipments under consideration

might have to be further reduced.



I WEAR AMD FRICTIOM

i OrigiBudget '
i Serial Name of b 123 WS HE? Heﬁc— D C W Comments
1roup No. Equipment WU_BU?’UdgEt b ;
21-79 |Four Disc.Mach. 150 | 273 213 |
! SE— S - L SRR = S s prssssedi s
22-78 |Four Ball Mach. 110 | 122 | 122 ! |
A N L P S ) iz Pp— il E ,_._-,-_: -____I__, - I e TR o e L )
=1 M . 2 |
t33 78 |Pin énd Disc. 100 | 104 ! 104 ; !
. Machine 5 E
|
-79 [ c- L
1-79 hgar and Fric 75 95 ' 95 ! .
' ticn : '
: e 5 : =
en . 4=19 Eltt%nq Disc 140 ' 140 i
<= Machine |
(hE £ ! = _—
2 :
| a. . I
8 Bl Pﬂlywer Wear 100 | 00
I Studies : '
- ] | R R e e e S e
Toly e e e —— = e e - - _
0 79 Irwinheaded Five- | f
# ilD- TWlﬂiid L. ive 75 | 75
B hpall Machine ; i
é X I —
. :12-79 Friction Stud. -~ | 1 e
mlgh temp. , !
! ¥ i . T
| . I
1 - | \
14-79 E?dU}Um impact— ' 80 | i 80
rictlorm 1 ! |
: : i |
18-79 falex Amster ! . 60 i ' ' 60 Put in W-column becat
Test {wear and friction mac
I s iseem to be rather well
1 i represented already.
e l 1 !
! i
!. | o ]
; , !
i | | | ! , .'
1 -' 1
f . ':
| t . i
; a L !
: , 1 -
5 | ! |
. L T D B
- | | 5 5
! | | _. .- :
| | i T | |
! 1 | [ !. i ] i
i '- ) : : o -‘ 5 |
! I : | | :
1 ! :
. ; 1 1 |
| | L ‘ |
% ¥ | I
: Y BN |
I. I | | |
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I WEAR FRICTION CONTINUE
. ; Orig+Budget
!Ser'lal Name of  ptalus nal heﬁc— D 0]t W | Comments
P i No. equipment Vm‘HUﬂudgeti e
, | ! | I
120-?8 E?ar lubr.test = 100 1237 537 | }
- ig.
LI I (RSN S . A b . - ‘
| : i i
G ? 31.78 f'est Macl for I ;
At | S el w ! B0 Comp. with 20/78
4 ﬁ lubr. ev, ' l
£ TR e - (- A
v~ |16-78 Chip detect | ! !
S PRE Rt D 180 |185 | 185 |
¥ 9 Syst. ! |
1 e e -
£ 9 118-78 '| Ferrograph p/c | 205 |132 122 10 |
s 1 _ . : l =
~ 1-80 Radlnactl?e W 300 . 300
tracer unit !
| —
g T : - A T ' o
o 3-79.1Journal Bearing C 180 1320 ' 350 !
o | ' Test |
v o | ] |
i 1 |
C 4 141-79 Bmall motr. c 50 ' 20 T
T o pumps : :
i |
W Seecsarcilonan - 5 | S (W SR, . A - N
. i - ‘ J I . 1
@ 142-79 |Clutch teot rig|l W | i ;
| : e SEpardLU climatic chamber
. 6, [30-78 Climatic may be put low on the pr)
25 chambers W 100 | 200 [tity list, since several
o eq I ! t+est machines have their
_ ‘ | s i . Jown climatic chamber.
Sun total l2155 | 1488 1138] 0, ! 3501055 |
Wear friction - : L |
'

— -
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LUBRICATION

o - Orig+Budget '
A iSEﬂa] Nanje of b WS na? ;Reﬁc- 0 C W Chimante
group | No. equipment  [V10-80Budget 5 3
; | ; : E We propose a low prio:
: 12-18| seonetex Lfop W 110 ‘ ~ 500| for this item because
o Rheoleg. Send, : feel that the cost is
o i _ high for a simple vis
o | | meter, and maybe too
o i for equipment rcguire
a, i : advanced rheoslogical
i ; ies.
L ; [
< i ! |
. /=-79|Microcalorimeter O 65| 105 105 i
I
1 . :
o  37-7B|EHD optical & 60 80 80
;;h 5 Intert. |
Y o i - _ i - et e
i .
2-75{air Bearing App| O 25! 34 34 i
| ' ! £ s
' i : ) Cost proposed reduced
37-791Seal Testin PIropo =
C Unit ; C/w, 150:( =200 | I 200 450 | pyecause of financial
9 ! : . ; situation. The orici
= ' : E ' | cost includes freight
= i | | which has now been Su
E i : | tracted.
i | E , i.Futher, the hydraulic
| | j . power pack is as desc
o | f in BHRA oifer of 24th
B 5 i : - June-80 since rolling
e i - mill, item 6/79, is p
% ' , on W-list.
E \ Finally, we propose t
g the logger controller
—~ | ; lE‘f"L out for the time
beeing.
= - : ! LA LA
i 3z 3 l ,
B EO!E%arlng Test B 50 | | | 80
'R1g : i f .
| 2 rces | \
j =% e | % R
Sum total . 410 (1199 ' 0 ' 13911060 | 950 !
lubrication : : |
| i
i L
& ! Pk
: |
; ! : :
| | | : i
i | 5
! | ‘
g
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IT1 MATERIALS/SURFACES

: Origi8udget
' !5&ria] Name of >tatus na? 'ﬂpv%c— 0 0 C W Coffiments
U | No. equipment V10-80Rydget ‘ed I | -
| T
13-72|Spectrophotome=| .o | 1gp| Cofb. with Ba-rg |
ter | 1
| L R
17-79 Die%ectric of o 40 a6 96 i .
] fluid tester 5
LW SRR B B i . 0, e S i - o e S - A
~ 1 27-79|pifferential I | | S
O | | 0 55 | 532 532 | . L :
ed mt Thermal Analyzeld — o = i | Coct @5 .
e BT 2 :
LS |
et 30-79 |Infra¥ed spec- D 180 | 677 677 } |
o e | trometer - | | !
) d : =
s ] _ r =T 1
'fhg |33—?9 Gaschromatograph 150 1499511400: ! |
b ! HaSS. SPE‘C. — | I : 1
oot S - |
ey . : : : |
i 5-80 |[UV spectrophotot o 180 | 179 | 179 | !
P U Imeter | 1 : B
) O Q|
T —— | -
\ oo 9-80 ﬁ?DmlC absorp- " 150 ; 1 150
i tion i ! |
. ; . e
855 12884 ' 2256 628 150 |
sum —— : i
. | |
J = SRR, . NO—— - e R V—
-'. , :
T s ;
® ! g_7g|pydraulic shaker W 750 | 750 :
A 1 HB= ydraulic shakez | _
(oI
=3 .
= 23-79 |Precision Contrgl b 40 < 57 il
— temp. furnace i !
r I | -
0 3-80 {Fatigue and i’ :
= Creep testing W 200 ! ? : 200 .
- mach. | i . f
i :
| Sum 990 | 57 57 i - 950 |
; i 1
| | |
!_ | ;
! P I e
36*?9 Rolling mill W 200 ; ' QDﬂiglv?n low priority bECdU:
= I ‘ it is felt that important
T I | ' ';gsearch contributions ir
5| ¥ | 4th15 field may demand eve
3 imore expensive equipment
; 1 | than expressed by the buc
- | J : s
ra | ] ; : :
T i 26-79 |Autoclaves 0 80 i 104 | 104 i I
E | l | i i | o
= 7-80 EKpErlTenta% v 180 i | i 1EDE
extrusion rig i _ * ;
|
460 | 104 | 104 : 580
Sum
|




———————— . — —y

1

Phrvs kv 3 80

LR g 8§

LI § v Lair

el — R RS R - ——me T omm oEm TrEme . om—

I = =
I ; : Ori '?'" UC&QE}.—]
roup :SEI’"'IE] Hﬂl"t'lE‘ of platus ﬂa? Revic- D 0 C W Comments
. + No. equipment  {V10-80Bydget] ad |
g LT |
323—?8 Interferometer D 295 | 347 347 ] !
Bl e ——— il e ——— ey | | I — — ——— - —— e W _T - —‘Ir—- _—— ‘ - —_— - L B ]
LEH-FB Surfacelcmnst. W 400 . ! fl&DGFhis item comprises an
, analyzer | spectrometer and an 1mé
: [ nalyzer. The approxir
: ' prices are XRF-spectror
| ! 1 Nkr 700
| : Image analyzer " 900
| E Under the ‘
| pbresent budget situati¢
r , the image analyzer is ¢
pr- low priority for reaso:
Fan _ ; given in SINTEF memo o
b ! | ! | 1972-10-29|2|. we sup;
& ' | : that TIT is eguipped w.
¢ : ! ! : a scanning electron mic
o ! | . : scope. IF ITMMEC has ¢
o ; i | -fto such a microscope w:
7 E i X-ray analysis facilit:
I | ; : 1 Wwe recommend low prior:
\ | , also for the XRF-spect:
' ! | : meter. If not, the pr:
: ' ‘ pof this item has to be
N i ' concidered.
| [ ' \ -
25-78 Microhardness ' : - .
r D { 60| 18 ! 18 .
cester s . ;
Stum 755 i 365 | 365 | 1600
: J
= 1
| i | I
o 11-79 iIonplatin 3 ' '
c i W1 240 1450 [ELAB, SINTEF, has laid
E 1 {{their activity on ion |
i E ing. Since SINTEF the.
s ; can not contribute to
" | : 5 ‘ field (e.g. to joint p:
v ' | : ect.s) we recommend low
ol | N iy foy Lhie itom.
3 I l I
G }15-79 |Ton implantatior W | 800 | . 3000
P !
: foosisssin R
; Sum l 1040 . 4150
| £ * B
5 Sum Materials/ ~
! surfaces | 4100 [3410 126781732 | 0 ! 7730
T 1 |
: | !
| | | ;
| ; ‘
' |
|
!
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MACHINE DYNAMICS

VIBRATIOHN

3

Name of
equipment

faws

nd

Dri?i-bur_'get

0- 80 EuqutYF:IEUiC‘!

ed

W

Comments

Vibration Moni-
toring syst.

D/C/W

160

85

10

75

L ——— e TR I T, T

105

The original proposal of
two complete monitors 1S
reduced to one single,
although capable of 12
channels.

2=178

Vibration Measuj
ring Equipment

- D/C

365

440

215

225

The original proposal is
reduced to about half the
amount of accelercometers.
By including a new subite:
Hottinger SM60 Vibration
ileter as proposed in memo
180427.30 No.18, 19E0-07-!
the total sum of Nkr 50.0
is maintained unaltered.

3-78

Real Time Ana-
lyzer

430

It 'is strongly reccocmmende:
that this item is procure:
It will serve a variety o:
purposes cn vibration and
sound analysis in the
laboratory. The 2Z-channe®”
version 1s reqgquired for
study of freguency respons

4-78

Shock Pulse

Meter

21

11

10

The Center has noted the
need for a Shcok Pulse
Meter type 43A, which 1is &
more industrial type com-
pared to the 21A model
which is already deliverec
SINTEF also recommends
this item, as it has prowv
to represent a reasonable
"first step" for many
industrial companies who
are considering the utili-
zation of condition moni-
tortng eguipment.

5-78

Fregquency Respo-
nse Measuring
Syst.

L

110

120

120

i L]
—

7-78

Servo-Control-
led Dynamic
Excitation syst|

C/W

330

180

180

270

This item is reduced by
Nkr 270.000 which is obta:
ed by skipping all but ont
exciter hcad. The equipmol
may easily serve the pur-
pose of item 25/79 Torsio-
nal Exciter, by connectin
the shaker to the torsio-
nal system via a cantilev.
beam.




= B5H

. . |0rig+Budget
H—_-—-ﬂ-—lﬂ-— ETllmelnt 13Udger—l Pd : e S
10-78| Laser with D/wW | 250 225 225 225 JThE Image Detector (apr
holographic dit cost Nkr 250,000) is gi
low priority since it ;
necessary only for mea:s
ments of rotating objet
29-78| Isolator table D 50 55 55
32-78] Balancing D 150 260 260 |
Machine !
= 1 =
19-79| Audio-Frequency W 150 Combp. witth 5/78
Spectr. )
22-79| Proximity ' C 170 170 170 This instrument is givi
picups priority because it 1is
central for condition |
| ! toring of turbines, co
I pressors, large pumps !
} which are actual types
| machinery in the power
i plant project.
25-79| Torsional Uibr;Im [
tion Exciter 80 Comip. with 7-78
i
38-79| Linear Displacet D 14 30 30
ment Monitor
44-79| Argon laser D 100 110 110
Sum 1929 {2126 |1036| 0O |1090 |625
6-78 |Noise and Sound |D/C/W] 175 220 48 172 5
Meas. Equip.
28-79 | Complex Modulus
Apparatus c/w | 20 3 3 22 |Reduced according to m
. 180472 .30-26. "Noise a
Sound Measuring Equipm
Systematization after
Meeting at Bruel & Kja
29-79| Broad Band |
' Accoustic Test C 100 110 110 L~
Syst. i
6-80| Standing Wave
' |Apparatus C/W 40 15 39 21 [Reduced according to m
180472 .30-26: "Nolise a
Sound Measuring Eguipm
Systematization after
Meeting at Bruel & Kj=a
Sum % 352 48 0:,304 48
Sum total
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V. NON DESTRUCTIVE TESTING
L jon . Or Fbudmt i
serial Name of pipas na? Revic-l D 0 C W | Comments
NO. equipment 10-80Bydget! ed |
i ! |
15-78 | Thermography |
equipment D 285 | 290 290 1
N _ | s S . S —
20-79|Video-scan The cost of this item 1s
system with C/w | 200 100 | 100 100 [reduced with Nkr 100.000
laser | | ! %ainly because a laser 1s
. i 1 {procured under item 44-79
24-79|Ultrasonic *
detector < 1248 42 42 1
TR Y. T SIS, SIS NUNUNINS: SUNNUE SR SIS, S-S R e
400~ 9 |Eddy current , | :
5 7 !
crack detect. & 9 ¢ = E o
_ g = R ity
. | ; , : G
43~179 QC?Gu?tlc W 170 : , | 250 GIV?H low prlDrltyrbEFaUSE
emission | it is felt that this 1is a
: too specialized equipment
, : I ' for NDT purposes
| ) ' :
i : | |
- r 1 1 : ; 1 ; i :
2-80 [X-ray unit with D : 250 | 100 | ! 100 ITMMEC h?S g ven low pricr .,
lcontrol . | , ' ty to this item. However,
- ; lan X-ray unit is a standa:
é : - instrument for a NDT lab.
i : : } )and we therefore have set
: : | ! up Nkr 100.000 under this
| | | litem. This should also
| ; . i
- include necessary {acili-
: i ties for magnetic particl:
i | and penetrant liquid test
{ systems.
.l i :
' Sum total 1109| 605 335 ' 270 350
Non destructive j
testing ; j
|

— | — . —
.




Vi

GENERAL LAB. EQUIPMENT

~ AB9 =
. _ Origih '
. Serial Name of btatus ni? }”“gEt C Comment
roup ; ol Revic D 0 omments
. No. equipment 10-80Budget Sl
|
. S-78| Digi
Digital torque m 5t 51 51
| meter
L— S VL | | S SURSIE ISR ANl v | o 3 s ¥
: 11-78]Multich > ! |
. u. J? annel g 55 T 5e, E
O slipring I |
4l l |
A , . . L. N _ s ik
L 12-78|Instrum . t : :
g | =Pe c | 200/ 220 ! 220 |
rec, :
: 1 13-78 i
U plichannel p | 140 125 | 125 i
e o ) strain gage. |
I e o = . -f | . -
i 34-79|Peak : :
| 193_ pressure o o 40 | A5
| indicator .‘ : |
! r :
- Sum 460 | 461 176 O - 285
: |
I
i : i !
: 1 : Z :
R e e R e I N N S S N )
14-78 7" Multichannel C 70 70 I | 70) 1
A i Recorder | S, ~ 2 ! — <
; ; I : ] :
v 16-79 Cap : > I 1
Gl u;ac1tancL & 30! 30 | 30 |
(pridge | % !
TR A | :
21-79 |5t - :
€ orage oscillo ” 120 gy ! ! &5 |
= scope : :
L ] I :
.51 + |
10-80 |General electr. : ' ] ,
51 : 1 & 200 ' 200 :It 18 felt that ITEFEC
equipment ' ishculﬂ be well eguippe
;;x ; with general electroni
instruments for mainte
D 3 lpurposes. Nkr 200.000
o ! ithErefmre set up under
" new item. It should 1
~ | %mrtable field oscillo
i : I voltmeters, pen record
w - | i :
c ; . : i=lectronic filters, os
O ; '- : is;cmpcs; , amplifiers DC
= 1 s S SRR e
i |
| Sum 220 | 352 s2 | 300 | |
: I
s NN
- ﬂ ; 'h_ ; _i _gl_._"r I e —
17-78 Cont.temp.rec. ' '
g E' 5 e C 45 | 60 L 60 ‘
> syst. |
v | ! | ;
- 8-79 'D 1 th i i i
- igital ther- *
o gLt = C 60 | 20 : | 20
- : mometer u .
g e ¥ N ] _ . — | A N EN— s SRS
w ; —? _:I' 3 F s '! :
o } 31789 l1§t11111_1f:-n 5 | 20 43 43 | |
E unit - i !
¢ [5595 ey mion v | 2 | wa | s | TE
5 S R 40 | 40 -, 40
= meas. i I
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V1 GENERAL LAB. EQUIPHMENT

Ori 'I—hu et
1Serial Nar-.l‘te of BWS [ h4T e?icﬂ D 0 C W Comments
P No. equipment U*Boﬁudgeg sl
D — - i — et — T " G T T
34-78| Talyround D 80 206 | 206
4-80f{Universal pro- Since ITMMEC are supposed
fine measuring W 100 100 |to "work mainly with tribo
5 logy aspects, this item i-
E Jiven low priority.
o : a
= 32-79Machining Centrd W 150 150
[
[} = -
= | 35-78|Talysurf. D 80 | 316 | 316
- sum 410 522 522 | B 250
g S SIS S—. L, (SRR SRS SRR, SO SRR [N e e s e e man
36-78 |Hydraulic motors W 150 g 150
L0 <o : P— S S
& |
E 36-79 |Central hydrau- | W 200 Combl. with 3?/?P
= lic power pack |
Sum 350 ! 150
| |
i
B 5-79 Polaroid Camera C 2 2 2
[ [
s
o 39-79 Development kit A proper functioning of a
2 2 high speed C/W 10 10 90 |high speed camera require
- Camera one person almost comple-
= tely devoted to its opera
P tion. Since this might b
difficult for ITMMEC to
5 fulfil, the high speed
O camera 1is given low prio-
o rity.
Fy x
%\ Sum 2 12 12 90
A
—4 =
- l ‘I iR =
2 bs-78-|ppp-11 (| 650 ?59 750 -
Sum 650 750 750 L
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_ Serial Name of Jr TN T : D 0 C W Comments
= ; 1C-
;roup No. equipment WD—BDgUdgHFE;dC
e . o Se———————— L i, NSRS I,
s (18-79) Overhead project
O lelectrostensil C 0- 10 10
faa * = ”
& T
o 26-78B |Slide projector D 2 3 3 |
5 et =
kX 27-78 |Duplicating
5 machine D 60 28 28
E = e s
12 ?B-78 | Matematical
typewriter D 6 16 | 16 %
¢ Sum 68 | 57 | 47 | 10
E
Sum General = _ B
lab. eguipment 23171745 Q5 :1477 490

2325
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APPENDIX IX
COMPOSITION AND ROLES OF MANAGEMENT,
COORDINATION AND ADVISORY
COMMITTEES OF ITMMEC

The activities of ITMMEC are controlled by a coordination
Committee, a Management Committee and an Advisory Committee.
The decisions and advices of these committees are to be imple-
mented by the executive Head of ITMMEC.

Current list of the members of Management Committee mﬁ ITMMEC
for the year 1980-81.

l. Prof. D.P. Jais — Director, III Delhi Chairman

2. Prof. J.P. Sharma - Head, ITMMEC, Convener

3: DI, S:Ks Buri - BHEL, Industry representative

4, Prof. M.C. Chaturvedi - Dean ICL

5. Prof. M.S. Sodha — DY-Director, Representatives of
other departments

6. Prot. B.C. Nakra - Professor, Mech. Engg. Dept.
Representative of other departments

7. Prof. H. Christensen - Project Manager ITMMEC -
Representative of SINTEF whenever
in Delhi

8. Mr. R. Huseby - Project Leader - Pepresentative

of SINTEF whenever in Delhi

The Management Committee should act as a Board of ITMMEC.

Coordination Committee

The role of the coordination committee is said to include:

- Adopt agenda points proposed by ITMMEC, IIT Delhi, SINTEF and
NORAD;

- Review activities of the ITMMEC;

- Development of infrastructure;

- Project planning and selection of Joint projects of SINTEF
and ITMMEC;

- Budget formulation and adoption.

The coordination committee consists of:

- Director IIT Delhi Prof. O0.P. Jain
- Vice Managing Director SINTEF M.Sc. E. Sg¢dahl

- Project Manager -
ITMMEC Project from SINTEF Prof. H. Christensen
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- Head, ITMMEC Prof. J.P, Sharma

~ Local NORAD representatives as observers.

The meetings of the co-ordination Committee were held as shown

below:

1978 1979 1980

Feb. 7, 1978 Nov. 21, 1979 Dec. 4, 1980
at SINTEF, Trondheim IIT, New Delhi IIT, New Delhi

Nov. 28, 1978
ab IIT, New Delhi

Advisory committee

The role of the advisory committee is said to:

- Advise on the feasibility of implementation of projects

- Work out priorities for projects

- Secure proper and necessary interaction with industry and to
see that unnecessary duplication of work is avoided

- Keep the activities of the centre tuned to the needs of indu-

stry at all times.

R — — — —————— N S — S S S S S S — e e e S S S —

The Advisory Committee has been functioning since the inception
of the centre in 1977 and has a composition with the aim to
ensure that interests, particularly those of the industry are

represented.

The compositien of the current committee is given below.
The committee meets once a year under the Chairmanship of the

Director IIT.

The meetings of the committee so far held as shown below:

1978 1979 1980 1981

Aug. 29, 1978 March 9, 1979 March 11, 198C Julv 24,1981
(Mew Delhi) (New Delhi) (New Delhi)
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ADVISORY COMMITTEE MEMBERS

1. Dr. H.L. Somani 16. Prof. M.S. Sodha
Director (Operation) Dy, Director
J.K. Industries

2. Mr. D.H. Pai Panandikar 17. Prof. M.C. Chaturvedi
Secy General Dean, ICL
Federation of Indian Chamber
of Commerce & Industry

18. Dr. Mahashwar Dayal

3« Dri HiS« Rao Advisor
Ceneral Manager Dept. of Sci. & Tech.
National Research
Development Cooperation 19. Prof. S.P. Luthra

4, Sr. Ajaya K. Raman
Sr. Research Manager
Research & Development Centre
Escorts Ltd.

3¢ . J.Es Dalal
Managing Director
Lubrizol India Ltd.

0. DE. I.6G. Gulhati
Director
Indian Institute of Petroleum

7. Mr. P.N. Arumugham
Chief of, Quality Assurance
Bharat 'Heavy Electricals Ltd.

8. Air Cdr. V.N. Aggarwal
Director of Maintenance Inspection & Planning
Air Headquarter, R.K. Puram

9. Mr, V.J. Thakar
Project Manager
Calico Mills

10. Dr. S. Pamchandran
Advisor
Steel Authority of India Ltd.

11l. Dr. J.P. Sharma
Professor & Head
ITMMEC Convener

12. Lt.Gen. M.M.L. Chhabra (Retd.)
C-20, Defence Colonv

13« M¥. B. Sinha
Director General
Power Engineers Training Soclety

14. DBr.: S8.P. Sabharwal
Professor, C.E.S.

1%,  Prof. B.C. Nakra
Mech. Engg. Deptt.
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APPENDIX X

CORE STAFF RECRUITMENT AT ITMMEC
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APPENDIX XI

LIST OF PUBLICATIONS BY STAFF MEMBERS AND ITMMEC REPORTS

l. K.L. Awasthy & J.P. Sharma "An Experimental Study of Wear of
Ferrous Material", WEAR, 53 (1979), 211-228.

2. K.L. Awasthy & J.P.Sharma "Design of a Surface Hardening
Device", Proceedings of First Cairo International Conference
ot Mech. Engg. Vol. I (1979}, 519-=526.

3. K.L. Awasthy & Rajmohan Singh, "Wear Measuring Device"

Proceedings of Third ISME Conference on Mech, Engg. Vol. 1

4., K.L. Awasthy "The effect of Low Frecuency Vikration on
Sliding Friction", Proceedings of Third ISME Conierence on
Mech. Engg. Vol. 1 (1980), 283.

5. K.L. Awasthy & J.P. Sharma "Limiting Permissible Wear and
Services Life of Machine Components", Proceedings of 24th

ISTAM Conference, Rourkela, Regional Engineering College
(1980): 3l:

6. Ghosh U.K., U.S. Tewari & P. Vasudeva, "Polymer Applications
in Tribology" Polym. Symp., Kurukshetra University,
Kurukshetra (May 1980).

7. O.P. Chawla, "Maintenance of Heat Exchangers" Corrosion &

Maintenance Journal, Vol. 3, No. 4, 1980.

8. O0.P. Chawla, "Effect of Radiating Gases on the Performance

of Thermal Regenerators" J. of Thermal Engineering, Vol. 1,
No. 3, 1980.

9, S. Chandra & A.D. Telang "Friction Induced Vibrations",

I.E. Seminar on Vibration and Noise Pollution, Jaipur Sept.
1980.

10. C.S. Pant & J.P. Sharma, "Design & Fabrication of a Wear

Resistant Coating Rig" Proced. of Silver Jublee Congress of
ISTAM & The International Conference on Non-Linear Continu-
nam Mechanics at IIT Kharagpur Dec. 17-20, 1980.

11. J.P. Sharma, K.L. Awasthy & 0.P. Sharma "An Experimental
Studies on Wear of EN 391B Steel", Euro Trib 1981 (Warsaw).



12,

13.

14 .

15.

16

17.

18.
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U.K. Ghosh, C.R. Jagca, S. Maiti & P. Vasudevan "Tribo-
logical Applications of Polymers in Industry" New Industry

Polymer Symposium at Madras Univ., Madras, March 198l1.

J.P. Sharma & A.D. Telang, "Maintenance of Tribo-Elements -
A Wholistic Approach", Accepted for publication in "Main-

tenance & Corrosion'".

J.P. Sharma & A.D. Telang, "On the Lubricant-metal Compati-
bility in Boundary Lubrication". To be presented at "Tribo-
logy Technology, Advanced Studies Institute”, a NATO
Sponsored course at Marutea , Italy, Sept. 13-26, 1981,

J.P. Sharma & M.V. Khemchandani, "Theory on Boundary lubri-
cation film failure" ASME/ASLE conference At. Louils,
Missouri, U.S.A., May 1979,

J.P. Sharma, P.C. Nautyal & S. Sinchal, "Wear mechanism in
piston ring" Proc. International Conference on Wear of
Materials, April 1979.

J.P. Sharma, P.C. Nautyal & S. Singhal, "Role of Boundary
Lubrication in Piston Ring Wear" Proc. Third National Confe-

rence in Industrial Tribology, March 1980, New Delhi.

W. Leszek, M.M.L. Chhabra & J.P. Sharma, "Lubricants -
evaluation and standardization" Proc. Recycling of Waste Oil
1979, Madras.

REPORTS”

——m—a

e

DIACNOSTICS AND HEALTH MONITORING OR POWER PLANTS EQUIPMENT

3
AND UTILITIES (DECEMBER 4 - 9, 1979) )

Lecture by NORAD Resident Representative

Introduction to Workshop

Planned Maintenance for greater plant availability

A system for maintenance planning and control
Diagnostic Maintenance and signature

Maintenance Strategy (part 1)

Maintenance Strategy (part 2)

Problems of Spare Parts

Trends in modern control and instrumentation techniques

Vibration Analysis Instruments and Applications

“’The titles refer to lectures on parers presented at workshops.
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Condition Monitoring & Preventive Maintenance by
Modern Spectroscopic Methods of 0il Analysis

Oil Analysis

Performance Testing of Lubricating 0Oils
Bearing Design

Basic Vibration Theory

Self Excited Bearing Vibrations
Signature Analysis

Noise and Noise in Machinery

Noise Prevention

War on Wear

Wear Mechanilisms

Terotechnology - A Systems Aspects
Terotechnology - Life cycle cost aspect
Productive Maintenance by Ferrography

Failure Analysis of Gears

WEAR MONITORING THROUGH OIL ANALYSIS (MARCH 27 - 29, 1980)

N S —————————— SSRGS g e i i N R N —---——

Particle Contaminants and its Sources in Industrial
Equipments by Prof. J.P. Sharma

Ferrography - A new Technology for Monitoring Machine
Wear by Mr. L.W. Waley

Ferrography - A Modern Tool for Engineers in Condition
Monitoring by Mr. K.L. Awasthy

Physical & Chemical Properties of Lubricants by Miss
S. Pandita

Analysis of 0Oils Degradation - Dr. W.J. Leszek
IR - Spectroscopy as an Analytical Tool = Dr. CG.V. Jere

Spectrometric 0il Analysis Programme (SOAP) - Dr. U.S,
Tewari

Particle Counting - Mr. 0.P. Gandhi
Filtration of Lubricating Oils - Mr. A.D. Telang

Efficient Storage & Handling of Lubricants - Mr. S.P.
Sachhar

Peclamation of Used Qils - Mr. S.P. Sachhar

h_u--—-—_-—-—————_---—-—_——H——hh—-____ N Y S S — — i ——

List of Participants
List of Contributors
Inaugural Address
Key-note Address

Tribo Effects in Machine Tools and Problems



V.
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Heat in Journal Bearings

Wear of Machine Tool Slide Ways

Designing for Sliding Wear

Maintenance Strategy in Machine Tools

Need for More Accurate Systems of Machine Tools
Acceptance Sampling

Cuttomg Fluids - Lubricants and Coolants in Machine
Tools

Force Measuring Dynamometer

Measuring of Temperature by Infrared Thermography
Thin Film Laboratory

Friction and Wear Testing Machine

Particle Size Analyzer

Talyrond 200 with Talydata

Bowden Laben Machine

————dﬂ——————dﬂ_i—-————ﬂ__-—————_-—_———ﬂ‘-.F—————__———di_— —— — e —

List of Contributors and Participating Faculty
Failure of Lubricated Bearings - A. (Cameron

Mechanism of Lubrication (Systems Approach - A.D. Telang
& J.P. Sharma

Special Purpose Lubricants - U.S. Tewaril

Selection of Lubricants - K.L. Awasthy

Lubricant Handling and Storage - S.P. Sachar
Reclamation of Lubricants - S.P. Sachar

On Life Aspects of Antiﬁrictimn Bearings — S. Biswas
Hydrodynamic Bearings - K. Athre

Hydrostatic Bearing - S.C. Sharma

Design Audit - S.Chandra and J.P. Sharma

Analysis of 0il Degradation - W.S. Leszek

Lube 0il Analysis - 0.P.Gandhi

Heat Dissipation and Temperation rise 1n Bearings -
O.P. Chawla & S. Biswas

Bearing Faults & Diagnostics - Arun Prakash
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APPENDIX XII

COLLABORATION BETWEEN INDUSTRY AND INSTITUTIONS
FOR ENGINEERING EDUCATION IN INDIA —-—-
IN PARTICULAR INDIAN INSTITUTES OF TECHNOLOGY (IITs)”

In the following we have provided a fairly detailed summary on
the relations between industry and the institutions of engineer-
ing education in India. We have thought it would be useful for
the reader to have a exposure to the problems and possibilities
of solving them as the ITMMEC Centre is located within an

Indian Institute of Technology and given the explicit objective

of serving Indian industry.

Background

India has extensive and widespread facilities for higher educa-
tion but there is a need to coordinate them and maximise their
utilization. The Sixth Plan (1981-85) notes that there is
sufficient scope for and possibility of, greater use of the
infrastructural physical facilities and resources which might
need only minimum additional support to make them critically
viable. But inter-sectoral linkages are yet to be broucht about
and coordination estaklished between work places, schools and
development activities for fostering appropriate manpower

development programmes.

This has resulted, among other things, in an undesirable growth
of facilities for general higher education,especially at the
under-graduate stage in arts, commerce and humanities, and in
the consequent increase in incidence of unemployment among the
educated. It has also not been possible to evolve systems
approach to educational planning and development aiming at
flexibility and mobility among different types and levels of
education and at makimisatimn of benefits from educational

investment for rapid progress in the different sectors of

* This section is in the following pages mainly based on infor-

mation contained in the following two reports:

1. Report of the Review Committee on Post-Craduate Education &
Research in Engineering & Technology, Ministry of Education
& Culture, June 1980.

2. Workshop on Engineering industry/IITs collabhoration
Proceedings and Action Plan, Association of Indian
Engineering Industry, Madras, June 1981.
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national economy. This has in the words of the Planning Com-
mission, undermined the role and capability of the higher
ecucation system to promote and maintain excellence and high
standards in academic programmes, encourage pure scholarship
and extend the frontiers of knowledge as well as to participate
in national S&T activities and develop national scientific and
technical manpower. We will now consider some of the specific
problems of linking industry with engineering education techno-
logical development. It is desirable that institutions and
industry should establish cooperative relationships such as:
industry sponsored research projects in the institutions;
results of research carried out in the institutions to be made
freely available to industry; technical and other data to be
provided by the industry to help in the projects work of post-
graduate students, appointment of the staff of institutions as
consultants to industry; research and design office facilities
in industry to be made available to postgraduate students;
endowment of professorships and scholarships by industry etc. It
is also desirable that industry and other organisations should
sponsor their serving personnel to undergo postgraduate courses
and improve their knowledge and competence in their respective

fields of work.

Reviews of the situation

A review committee in 1971 (Chandrakant) emphasized that an ideal
situation would be where the industry, the research laboratories
and/or CSIR collaborated intimately in conducting postgraduate
courses. A beginning must be made in instituting such programmes.
At the same time it was mentioned that the curricula of post-
graduate courses have a heavy padding of theory. In some cases
only 20% or less of time 1is spent on experiments and project
work. The curricula of these courses, therefore, need re-
organisation. The postgraduate courses can be oriented into two
directions; one design-oriented and the other research oriented.
The design oriented courses should be evolved and developed 1in
consultation with industry, so that the products are useful to
them. The courses should also provide training in entreneurship.
For this purpose, the industry should cooperate fully in re-

orienting these courses properly to make them really useful.
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In early 1970s, committees were appointed to review the working
of the IITs and Regional Engineering Colleges (RECs). The
findings/recommendations of these committees in respect of post-
graduate programme offered by these institutions are of interest
in this context. The reports stressed close collaboration with
industry in opening new courses at postgraduate level, taking
more active part in solving problems of industry by greater
collaboration with them, development of faculty for other
engineering colleges and exchange of faculty with other insti-
tutions were also stressed. It was envisaged that during the
Fifth Five Year Plan period beginning in 1974, the principal
direction of growth in the IITs should be interdisciplinary
research. New areas for such research work were identified in
marine engineering, marine biology, rock mechanics, atmos-
pheric studies, ocean bed engineering, food processing, aircraft
structures, courses related to defence and development of
energy, exploration and development of fuel and other fields of
immediate development to meet the economic needs. These courses

should be developed on sponsorship basis.

All earlier reports made many practical recommendations for
change. There have, however, been shortcomings in implementing
them. Many of the recommendations of the earlier reports are
valid still, even after many years since their issue. Many
improvements in the present socio economic situation might have
been achieved if more effective action had been taken to imple-

ment the recommendations made after the earlier reviews.

Today industry's involvement in higher education is limited and
the total technical manpower imployed is small. A sense of
urgency has been felt by the Government of India to review the
whole system of postgraduate education and research in engineer-
ing and technology. An important aspect is that for historical
reasons - science and technology has so far developed in India
under Western perspectives. Most of India's institutions,
including the higher technological institutes, carry out
research on borrowed ideas. The Committee emphasises that the
main aim of research should not be to publish papers, or to act as cheap
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scientific labour for just monitoring data for global projects
of the affluent countries, but to produce something useful and

relevant to this country.

A recent report on industrial R&D prepared by the Department of
Science and Technology (DST) presents a picture.ﬂf imbalances
and the private industry's inability to respond to R&D despite
Government incentives. In the public sector also R&D activity
was concentrated in a few areas and the base of the growth of
the R&D expenditure as compared to sales turned over was very

low.

The recent Review 'Gﬂmmitteex notes that in many of the emerg-
ing areas, which are science-based but heavily technology
oriented, there is need to train scientist-technologists who
can handle the twin responsibilities of scientific research and
innovative application. The traditional framework of engineering
programmes is inappropriate for this purpose and a separate
stream of postgraduate courses of 3 semesters duration ofter
MSc in science has to be developed. These courses should be
introduced in selected engineering/technoleogical institutions/
university departments having adequate infrastructural facili-
ties. Mobility and exchange of faculty between academic insti-
tutions, R&D organisations and industrial establishments should
be encouraged to prevent inbreeding. Industrial experience
should be prescribed as an essential qualification for
teaching positions at a postgraduate level. Technical compe-
tence, scientific understanding, creative ability and humanis-
tic wisdom should be the requirement for teachers particularly

at postgraduate level.

Suggestions

We will now mention various forms of institution-industry

collaboration. Experimental learning and practising can only be
achieved if there is an environment of interdependency between
professionals in the industry and professionals in the academic

world. A very recent Review repmrtx suggests that the CGovernment

- Report of the Review Committee on Post-Graduate Education &
Research in Engineering & Technology, Ministry of Education &
Culture, June 1980.
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should consider imposing requirements on industry as well as on
postgraduate institutions to collaborate with each other on the
basis of the various suggestions made in this report. Legisla-
tive action should be taken, if necessary. Every effort should
be made to further increase and expand the two-way exchange of
staff between industry and teaching establishments including

the introduction of systems of recognition and incentives.

Institutions should contribute towards continuing education of
practising engineers by giving courses in the 'state-of-art' as
well as on advanced topics. Specific modules of training pro-
grammes should be introduced for railways, defence services,
posts and telegraphs etc. Seminars and symposia of 1 to 2 days
duration are not of much use and should be discouraced. To be
meaningful, the duration of the courses should not be less than
2 months. They should be designed for personnel at various
levels. Here it may be pointed out that the MITs' Centre for
Advanced Engineering Study accepts persons even at the level of
Chief Engineers/Directors. The Participants are in residence
for 2 semesters or so. Similarly, the General Electric Company
runs a course of 9 months duration for senior executives of the
electric utilities. Institutions should also design and provide
self programmed courses to update the knowledge of practising
engineers. The cost of running these courses should be met by
industry on a 100% basis.

Industrial establishments should examine how to strengthen
thelr access directly and indirectly to teaching/research
institutions with a view to make better use of the consultancy
and research services offered by the teaching/research institu-
tions. Higher technological institutions and industrial
establishments should prepare corporate plans for working to-
gether for social development and mutual benefit. The tendency
on the part of industry to look at the West for technical know-
how should be discouraged. It is recommended that a tax be
levied on any know-how imported.

A 'research cess' should be levied on each industry for research
in the areas of industry's interest. This fund should be kept
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and operated separately with the active participation and in-
volvement of industry. Regular long térm pcstgraduaté programmes
suggested by industry Jjointly or otherwise should ke financed
by industry at least on a 50% basis. Short term courses sug-
gested by industry should be financed by them on a 1002 basis.

A 133% tax deduction should be allowed on all payments/contri-
butions/investments made by industry in postgraduate education
and research. Polite persuasion and concealed compulsion are
called for to legitimise industry's involvement in postgraduate

education and research.

The institutions should be allowed to charge sponsored research
projects. Consultancy should be encouraged and regulated on the
basis of pre-determined norms. While the emphasis should be on
institutional consultancy, individual consultancy should also

be allowed especially when institutional facilities are not
utilised. However, it should be ensured that individual consul-
tancy facilities are not misused. The money earned from spon-
sored and consultancy projects should be utilised for developing
the research capability of the institutions. Industrial consul-
tancy should not be confused with routine testing and analysis,

which should be discouraged.

The situation at the IITs

We will now consider the IITs. The Indian industry's primary
concern in relation to IITs continues to be the quality of
trained manpower. The need for up-dating technology on a
continuing basis is now being recognised all the more as the
Indian engineering industry was gearing up to play a decisive
role in the international market. So, it is natural to find an
increasing realisation that interaction with IITs could also be
very effective in technology development. The Technical
Education and Training (TET) Committee of the Assmciatinn of
Indian Engineering Industry (AIEI) has for sometime been working
towards achieving effective interaction between the engineering
industry and the Indian Institutes of Technology (IITs) in

specific areas of technical education and industrial training.

To that end, the Committee organised a 2 day workshop with the
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IITs on the 27th and 28th of March 1980 at New Delhi. The
recommendations made during this workshop were widely publi-
cised within the engineering industry and the IITs throughout
the country. In 1981, the members of the TET Committee again
called a meeting to review implementation of the programme of
cooperation between the engineering industry and the IITs.
During the meeting it was pointed out that, while interaction
between the engineering industry and the technical institutions
(not necessarily IITs) had started at the individual level, a
thrust to this programme could only be given if the efforts
were institutionalised. At the recent meeting a number of
measures were discussed - those considered most important being
listed below.

A. Increased interaction between the IIT faculties and industry
is essential. This could be encouraged through exchange pro-
grammes wherein the faculty members would work in industries
for a certain period and the industry specialists would go
to IITs for giving courses and lectures on practical aspects
to supplement academic instruction. Interaction in this
area has already started between the IITs and the engineer-
ing industry. Senior managers from industry were serving the
IITs as Adjunct Professors and Visiting Professors. The idea
of residency needed to be promoted, so that senior managers
of industry could go and stay in the IITs for short dura-
tions (3-6 months). This will install in them the IIT
culture and also give them an opportunity for individual
study and use of the extensive library facilities. The
exchange in the opposite direction, ie, IIT faculty members
going to industry for longer durations has not materialised
in a big way. This was due to the lack of incentive to
faculty members as well as problems of accommodation in the
industrial centres. Member companies of the Association of
Indian Engineering Industry (AIEI) had agreed on a plan which
will enable 15 experts from either side to be exchanged in
1981-82. They would receive Rs. 2000 to Rs. 3000 per month
as honorarium, which will take care of their problems of

accommodation and out-of-pocket expenses.
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Industry should assist the IITs in the creation of "Chairs"
and "Centres for Technology Development" and industries
should be allowed tax exemption for donations civen to IITs
by way of machines, equipment and materials. Joint studies
may be undertaken by experts in the industry and IITs
faculty relating to projects on emerging technology. Adjunct
consultants may be appointed from faculty members in con-
sulting firms. Educational materials like handbooks, mono-
graphs, etc., should be produced jointly by the IITs and
industry. On this latter proposal the Departmental and Insti-
tute Committees will work out the proposal. IIT Kharagpur
has already initiated publication of a series of books on
technology in collaboration with Oxford Publishing Company.
Adjunct Professors from the industry were invited to

collaborate in writing these books.

Facilities should be developed in IITs for continuing edu-
cation to enable engineers from industry to update their
theoretical knowledge. These programmes should be designed

in such a way as to entitle the participants to earn a M Tech
degree. One of the common complaints against IITs was the
lack of industrial background for teachers and students. It
was suggested that the IIT students should be provided with
24 weeks in plant training. The Government and industry
should each provide 50% of the stipend. However, the duration
of undergraduate courses has been reduced from 5 to 4 years
and it was felt that it would be difficult to implement 24

weeks 1n plant training programmes.

Each IIT should identify a consortium of industrial organisa-
tions in their respective regions and, in collaboration with
them, chalk out a systematic practical training programme for
students at the 3rd and 4th yvear (now 2nd and 3rd vyear)

levels. The industries should select students at the 4th year
level (now 3rd year) for possible prospective employment and
give them training and suitable stipend for the completion of
their final year studies. Some industrial organisations have

already embarked on this scheme.
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Some specific period of industrial training was considered
necessary for anyone joining the teaching profession. Since
it was difficult to get teachers having industrial experi-
ence, institutes will see that they get training in an
industrial establishment for one year after selection within
a period of 5 years. There was a need to reorient the curri-
cula with the involvement of industry. The present curricula

did not lay much emphasis on management.

To develop effective collaboration between the IITs and the
engineering industry, it was suggested that a 3-tier
organisational set up, comprising departmental, institute
level and national collaborative committees be formed.
Representatives of the engineering industry and IITs will be
members of these committees. Consequently it was decided
that the Departmental Committees be set up by 31st August
1981. The AIEI Regional TET sub committees would suggest 3
names from the industry for each major discipline of the
IITs in their respective regions. The professor in charge of
the concerned department will be the convener of the
committee. The committee will meet at last 6 times & vyear.
Each Departmental Committee will decide upon the area of
responsibility and the work plan. Here we would like to
stress that there is wide spread disappointment that not
much had been done towards greater collaboration between the
engineering industry and IITs since the earlier meeting in
1980. IITs could have done with a little extra effort on
both sides. IITs have 4 main functions:

l. Imparting education - both formal and continuing.

2. Training at undergraduate level.

3. Postgraduate training and consultancy.

4

. Research and development.

The first 3 functions could be carried out successfully with
the help of the TET Committee. Many of the recommendations
made during the 1980 Delhi workshop were not implemented.
There was no feedback about the number of IIT professors

and senior managers of industry who were prepared to partici-
pate in the exchange programme. A proposal for setting up an

industrial film librarv had not taken shape. Assistance from
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industry in creating "Chairs" and "Centres for technology
development”" had not been forthcoming. Educational materials
were not being jointly produced by the IITs and industry.
There were many such areas where industry and the IITs could
collaborate. The Government can only act as a catalyst and
major work in this direction would have to be done by the
engineering industry and the IITs. On its part, the Govern-
ment had already initiated action. Instructions were already
issued to the technical institutions that the lecturers
should have a minimum of one year industrial experience, If
fresh graduates were appointed as lecturers, they would have
to be trained in industry for one year by the Institute
within a period 6f 5 years. The Government was also ready to
finance the scheme of adjunct professorship and residency.
The application of the Apprenticeship Act to the students
taking vocational training was also under consideration. The
representatives of industry and the IITs were urged to give
momentum to this collaborative programme, so that the
fruits of interaction could be discernikle on a national

level.

IIT - Delhi

Finally we will briefly comment on the situation at IIT -
Delhi. The recommendations of the Engineering Industry/IITs
Collaboration Works held in March 1980 were considered/
approved by the Senate at its meeting held on 31lst December
1980 and have been sent to concerned heads for active and
expeditious implemenfatiun. The mechanism of implementation
of the various recommendations was being formulated by the

concerned heads_

The Institute has already started the following programme

towards collaboration with industry:

a) Establishment of Industrial Consultancy Centre to render

expertise to the industries in solving their problems,
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b) Undertaking research and development projects from private

industry as well as from government agencies.

¢) Running special courses to cater to the specific require-

ments of industry.

d) Organizing special sponsored M Tech programmes in speci-

fic areas of interest to industry.

e) Deputation of TFaculty to industry for one year on

mutually settled terms.

As a more general problem we would like to refer to the
findings of a review committee explicitly mentioning one of
the IIT-Delhi Centres.” Here it is mentioned when discussing
the Centre of Energy Studies at IIT-Delhi that the centre 1is
suffering from the following shortcomings.

1. Perhaps over-equipped

. No technologies for commercial exploitation

Not so relevant theoretical projects

Faculty/staff heavily science based
Not being able to link with DEA, BARC, BHEL and CFRI

N = W N
L]

(which are its main potential customers)
6. Admission does not stress engineering

7. Inter-IIT collakoration is on a low key.

With regard to the participation of Industry's experts in the
formulation of curricula for undergraduate the postgraduate
courses, the Institute would now implement the recommenda-
tions more rigorously, although in the past experts from

industry have been associated with this work.

The recommendation for appointing Visiting Faculty from
industry was under consideration by the Institute. The ma’jor
constraint in implementing this recommendation was the lack

of accommodation and also in identifying people from industry

who could be given the assignment.

'*Repﬂrt of the Review Committee on the Centres of Advanced

Studies in the Indian Institutes of Technology, Ministry of
Education and Culture, June 1981l.
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APPENDIX XIII

RESEARCH AND DEVELOPMENT IN INDIAX

The Industrial Tribology, Machine Maintenance and Engineering
Centre (ITMMEC) at the Indian Institute of Technology (IIT) in
Delhi is obviously a high technology institute which can play
an important role in developing the country's indigenous capa-
bility in tribology and maintenance. In order to put ITMMEC in
the perspective of national development we will provide informa-
tion on the R&D sector in India.

Scientific research in India is organized under four broad
headings; (i) Research organized under various institutions in
different Ministries of the Central Government, (ii) Research
carried out by the State Governments, (iii) Research undertaken
by Universities and Institutes of Technology, (iv) Industrial
research programmes of the private sector. The ministries
include the eight major scientific agencies and the other

ministries/departments of the Central Government.

Altogether India has more than 1300 research institutions which
are under the administrative control of either the major
scientific agencies, ministries and departments of the central

government or the state governments, or the private industries.

The total national expenditure on R&D was at current prices

Rs. 5.2 billion for the year 1978-79. The corresponding pro-
jected figures for 1979-80 and 1980-81 are Rs, 6.0 and 6.9
billion respectively. In relation to GNP, India now spends

0.6 per cent on R&D and figure 1 shows the trend of R&D expendi-
ture on the national scale over the period 1958-1977.

* This section is based on information which appears in the

following three publications:

l. Sixth Five Year Plan 1980-85, Planning Commission, New
Delhi 1981, chapter 19, Science and Technology pp. 318-342,

2. Research and Development Statistics 1978-79, Department
of Science and Technology, New Delhi 1980.

3. Research and Development in Industry 19768-79, Department
of Science and Technology, New Delhi 1981,
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Most of the resources for science and technology activities come
from the Central Government. In terms of share of R&D expendi-
ture, the Central Government spent 79.4 per cent of the total,
the State Governments share was 8.2 per cent, while the share

of private sector spending was only l1l2.4 per cent, or Rs. 720

million.

Figure 1
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Total stock of economically active S&T personnel in India at the
end of 1978 was estimated to be 1.94 million. About 150,000
personnel were employed in R&D establishments in the country in
1978, out of which 56,500 personnel were directly engaged in

R&D work.

A trust in science has been embodied in the Historic Scientific
Policy Resolution of the Government of India adopted in 1958.
In the last thirty years or so, 119 universities, affiliating
about 1650 colleges, 5 institutes of technology, 150 engineering
colleges and about 100 medical colleges and 350 polytechnics
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have been established: about 150,000 gualified scientific and
technical personnel are produced every year. A total stock of
scientific and technically qualified manpower, estimated at 2.5
million, gives India the third largest resource of such man-
power in the world after USA and USSR, occupying a unigque posi-

tion among developing countries.

About 130 specialized research laboratories and institutes have
been established under the aegis of Indian Council of Agri-
cultural Research (ICAR), Council of Scientific and Industrial
Research (CSIR), the Indian Council of Medical Research (ICMR),
the Departments of Atomic Energy, Science & Technology, Space,
and the Defence Research & Development Organisation, etc. In
recent years, public and private sector organizations and under-
takings, assisted by fiscal incentives, have established over
600 in-house research and development laboratories largely to

meet their internal technological requirements.

A relatively new but important development in the last fifteen
vears is the rapid growth of engineering consultancy organiza-
tions to provide design and consultancy services and act as the
bridge between research institutions and industry. There are

now over 150 such firms of varying size and capability employing
over 20,000 technologists.

The total stock of scientific and technical manpower in India
appears large at first sight but as a proportion of the total
population it does not compare favourable with that in the
advanced countries or even some other developing countries. The
fact is that the science and technology content of Indian
society as it is today as well as its involvement in P&D, 1s
low in comparison to the size and population of the country.

This is particularly true for the industrial sector.

A large part of the total stock of S&T manpower is not actually
engaged in activities that can be construed as scientific or
technical. Even more significantly, the cquality of these per-
sonnel varies widely; there will be need for a considerable
reorientation and upgrading of a large proportion of this stock

of manpower through appropriate training programmes.
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In large areas of economic activity, relatively obsolete cost
ineffective technology continues to be applied, the pace of
scientific and technological innovation remains unimpressive and
the adoption of the available scientific and technological know-
ledge is tardy. There are many gaps in new important fields and

in the ranks of leadership and in excellence.

In universities and several other institutions, the support pro-
vided has not kept pace with the increased need for better
facilities. In a large number of areas, India's capabilities

are almost twenty years behind those in the advanced countries
according to the Planning Commission and also behind those
established recently in some developinc countries. There 1s

also a lack of coordination behind manpower requirements, in
terms of areas and levels of training and numbers, and the
actual training of personnel which has led to serious shortages

of qualified and trained manpower in many areas.

It is only in recent years that a number of enterprises and a
few departments of the Government have set up in-house R&D
organizations. Their efforts have been mostly confined to pro-
viding assistance in establishing process and product standards,
substituting imported raw materials and intermediates and to-
wards bringing about product improvements based on feedback
from the market or users. A major initiative would be to induce
the public and private enterprises to enlarge their R&D capa-
pbilities to grow rapidly with a view to engaging them in the
task of promoting technological innovations. These would of
course need to be facilitated through appropriate institutional
mechanism to enable the managements of such enterprises to have
R&D advice in the pursuit of technological innovations as a part
of corporate planning. Financial institutions and development
banks could obviously also play a useful role in evaluation of
technology, preinvestment studies, choice of technology, risk
taking in the use of indigenous technology, facilitating, hori-

zontal transfer of technology etc.

The Planning Commission mentions some needs for large and medium

industries. The principal objectives for heavy industries would



- K87 =

be the development of energy efficiency, increasing productivity,
improving the process design and development of capabilities

for the design and fabrication of equipment and plants for the
manufacture of fertilizers, petrochemicals, cement, paper,

steel, non-ferrous metals, etc.

As far as machine tools are concerned, development of the capa-
city of the industry to design and manufacture newer and more
sophisticated tools and development of supporting technologies
would be the principal goal. Specific areas where major effort
would be required are automobiles, agricultural equipment and
machinery, mechanical and electrical equipment and printing

technology.

The R&D programmes will be carried out by the public sector
units such as Bharat Heavy Electricals, Hindustan Machine
Tools, Bharat Heavy Plate and Vessels, Bharat Pumps and Com-
pressors, Heavy Engineering Corporation, Mining and Allied
Machinery Corporation, and institutions such as Welding
Research Institute, Central Machine Tool Institute and Automo-

tive Research Association Institute.

The main objective of in-house R&D units will be to develop
competence to provide engineering services, bring about improve-
ment in product design and efficiency, import substitution and
technology absorption as also for a steady flow of new products,
processes and services. In the case of textiles, the R&D pro-
grammes will be looked after by industrial research associations

for jute, cotton textiles, silk, man-made fibres and wool.

Bv the end of 1978 there were 450 establishments in the private
sector registered with the Department of Science and Technology
DST. In this context it should be noted that more than 50% of
these have foreign shareholders which clearly indicates the tie

up between Indian industry and foreign companies.

The R&D survey of 1978-79 called for data on import of equip-
ments from different countries by private sector R&D units and
197 such units provided this information. The terms capital and

non-capital equipments were not defined by DST and it was left
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to the discretion of the respondincg units to classify the ecuip-
ments as capital or non-capital and give the data accordingly.
According to this information the import of equipments by pri-
vate sector inhouse PR&D units amounted to Rs. 101 million which
is about 14% of total R&D expenditure by private sector. Out of
this, capital equipments accounted for Rs. 52 million and non-
capital equipments accounted for Rs. 49 million. About 51% of
the total imports by private sector R&D units are from UK. This
followed by USA and FRG with 19.2% and 13.3% respectively. This
means that the majority of imports by private sector inhouse
R&D units are from UK, USA and FPC.

Linkages and mechanisms for the effective application of science
are deficient in most fields. This has also led to an in-
sufficient use of science generated in universities and national
laboratories, giving rise to the often expressed feeling that
the fruits of science and technology have not reached the bulk
of the population and have not contributed to planned economic

and social growth.

Such deficiences are tendinag to reduce the impact of science
and technology in dealing more effectively with the economic
and social problems. While there are exceptions to this, it is
clear that the major investments in India will require a much
more deliberate and sustained application of science and
technology than hitherto. This requires not only financial
support for S&T activities, but more impmrtaﬁtly, improved

- linkages between the various sectors - educational, R&D
establishments, industry and government agencies - and policies
conducive to the use of endoceneous efforts. Instuments for
policy formulation and task implementation in this regard are,

in the main, still lacking.
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QUESTIONS POSED TO JAIN SONS (JULY 21, 1981)

Shri. B.G. Sashi Kanth Jain
Jain Siddhantha Jyotishalay
Fraser Town

Bangalore Cantt

Memker of:

The All India Astrological & Astronomical Society
The Mysore Ayurvedic and Unani Practicioners' Board .

The Theosophical Society

0.1. Shall the evaluation of ITMMEC, commissioned by NORAD,

continue in Norway.

Q.2. Is it necessary for NORAD to improve its (method of)

evaluation?
Q.3. How shall it improve (its evaluation)?

Q.4. Should the Norwegian support to ITMMEC continue, and 1if
not, will ITMMEC then successfully come into operation in

servicing Indian industry?

A.l. This will not be completed in INDIA. 75% success 1s
indicated.

A.2. The methods adopted by the senders have got a few problems.

This will be corrected by themselves on their own.

A.3. There is no use trying to tell them.

A,4., They should give full support.
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July 10_

July 11

July 12

July 13

Morning

Afternoon

10.00

Afternoon

Evening

11.00

Afternoon

Morning

Afterncon

Morning

Afternoon

Arrival in Delhi (AF-198, 0300 hrs)
Meeting with NORAD representative Ms. Vigdis
varn and Prof. J.P. Sharma, Director of

ITMMEC

D. Parshad, Head, Industrial Consultancy &
Sponsored Projects Centre IIT-Delhi

Gedore Tools (I) Pvt. Ltd. Faridabad
(Industrial visit with Granstrand, Sigurdson
and Chawla)

Dr. S.C. Jhalani
@ I = ETT

Jain, Director,

Meeting with team member Rahman

Departure for Ahmedabad (IC-461 0645)

Calico Mills

(Industrial visit for Granstrand, Sigurdson

and Sharma)

1. Mr. K.G. Shah - Chairman, R&D

2. Mr. V.K. Thakkar - Chief Processing
Engineer

3. Mr. B.N. Joshi - Spinning Master

4, Mr. Chavan - Weaving Manager

5 Mr. Majumdar - Manager/Sewing Thread
Processing

6. Mr. V.J. Thaker -Manager, Engineering
Services

7. Mr. R.A. Gauni - Spinning Master

Discussion with representative of Ahmedabad
Textile Industries Research Association
(ATIRPA) K. Subramanian, Assistant Director

Departure for Bombay (IC-461 0830)
JINEC members Granstrand, Rahman and
Sigurdson interviewing ITMMEC Director
J.P. Sharma

Sight-seeing
Mahindra & Mahindra Ltd. (Industrial visit
with Cranstrand, Rahman and Sigurdson) Mr.

R.S. Bhagat, CGeneral Manager - Projects

Discussion with Vikram Dalal,
Partner, P. Dalal & Company

Managing
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July 14 Morning A. Sigurdson -

Departure for Poona (IC-101 0640)

Visit to Automotive Research Association
of India (ARAI), K. Ramachandran,
Director

B. Granstrand -
Visits to SKF companies
Man.Dir. Krishan Chand, Skefko
Techn. Dir Keshwani,
Mr. V.K.D. Kapur, Mr. D.K. Sen
Man.Dir. Ulf Jemsby, SKF

Evening A. Departure for Bombay (IC-158 1840)

Sigurdson and Granstrand depart for Dehli
(IC-183 2030)

July 15 Morning Meeting with Nayudamma, Vice Chancellor
Nehru University

Afternoon JINEC meeting

July 16 Morning JINEC meeting

Afternoon Interview of ITMMEC groups

July 17 Morning Interview of ITMMEC groups

Afternoon Meeting with Dr. K Gopalan, Deputy Educatio-
nal Advisor, Ministry of Education & Culture

July 18 —

July 19 Afternoon Departure for Bangalore (IC-403 1615)

July 20 Morning Meeting with M.E. Visveswaran, Director
Central Machine Tool Institute

Afternoon Kirloskar Electric Co. Ltd. (Industrial
visit for Granstrand, Sigurdson and Srinath)
M.R. Sridhar, Senior Manager Works Unit
P.N. Hiriyannaiah, Chief Executive
S.C. Ramachandra, Executive Vice President

Small Industries Service Institute
B.V. Gundu Pao, Deputy Director

Discussions with Sanjay Kumar Biswas
Assistant Professor, Dept. of Mechanical
Engineering, Indian Institute of Sciences



July 21

July 22

July

July

July
July

July

July

23

24

25
26

27

28

Morning

Afternoon

Morning

Afternoon

Morning

Afternoon

Morning

Afternoon

~ JW9Z "=

HMT Limited (Industrial wvisit with Gran-
strand, Sigurdson and Srinath)

Departure for Hyderabad and Delhi
respectively

A. Srinath, Granstrand in Hyderabad
BHEL, Corporate R&D Unit:
Sri. D.S.M, Vishna - Specialist (M)
T. Muralidharato - Lak. Manager/Trikology
Dr. S.K.Bhave, Manager/Failure Analysis
K. Ganapathy, Group Coordinator/Vibration

Hyderabad Asbestos Cement Products Ltd.,
Sanatnagar, Hyderabad
Mr. Mohan Sarma
Mr. Pattabhi
Mr. Radhaswamy

B. Departure for Lucknow (IC-480 0730)
Sigurdson

Visit to Research Designs, Standards
Organization, Ministrv of Railwavs

Mr. B.K. Palit, Director (Civil Standards)
Mr. A. Chellum, Director (Research)

Mr. H.P. Mittal,Director (Automotive)

Mr. Jagjit Singh,Deputy Director General
Dr. P. Moudgill, Joint Director

Mr. A.L. Kalra, Deputy Director

Departure for Delhi (1815)

JINEC meeting
JINEC meeting

Interview with ITMMEC group

JINEC meetings

JINEC plenary meeting

Presentation and discussions of JINEC
recommendations at:

A. NORAD Resident Repr. in India,
Mr. Haakon B. Hjelde

B. Dept. of Economic Affairs, Ministry of
Finance, Mr. S. Gurumurthi, Deputy

secretary
Mr. Jaishankar, Under Secretary



July 28 (continued)

July 29

Morning

Lunch

Afternoon

i v

C. Ministry of Education and Culture,
Dr. Jha, Educational Advisor
Dr. K. Gopalan, Deputy Educational
Advisor

Gilautra, Asst. Educational Advisor

Presentation and discussion of JINEC
recommendations with:

Dri; O.B. Jain, Director,; ITT
Meeting with Dr. Dhar, Dept. of Science & Tech.

Meeting with representatives:
Department of Mechanical Engineering
Rural Development Centre

JIMEC work at ITMMEC

COMPLETION OF THE JINEC MISSION IN INDIA.
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JOINT INDI-NORWEGIAN EVALUATION COMMITTEE (JIMNEC)

PROGRAMME IN SCANDINAVIA AUGUST 17

- AUGUST 30,; 1981
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August 17

August 18

August 19

August 20

August 21

August 22

August 23

Afternoon

Morning

Afternoon

Morning

Afternoon

Morning

Afternoon

Morning

Evening

Morning

Afternoon

Morning

Afternoon

Srinath, Raman, arrive in Oslo

Visit to Det Norske Veritas

Visit to Elektrisk Bureau

Departure for Trondheim

Rector NTH
Vice Adm. Director,

I. Johansen,
E. Sg¢dahl, SIMTEF
Reidun Gustafson, Heaf of Information
NHL - laboratories VHL

Einar Ottesen, Planning Manager SHL

R. Husebye, H. Christensen

J. Lippe, SINTEF Machine Design Division
K. Madsen, SINTLETF, Production Engineering
Lab. (avd. 17)

O. (rjasater, SINTEF Machine Design Div.
F. Halmgy, SINTEF, Div. of Materials and
Processes (avd. 16)

K. Gasvik, SINTEF Machine Design Div.

K. T¢gnder, SINTEF Machine Design Division
Dr. D, Fremstad, Applied Chemistry Division
(avd. 21)

M. Wahl, SINTEF
H. Christensen,
R. Husebve,

(avd. 16)
SINTEF Machine Design Div.

Departure for Oslo

JINEC Meeting

JINEC Meeting. Report writing
Meeting with Tandon, Hutchinson

JINEC Meeting. Report writing



August 24

August 25

August 26

August 27

August 28

August 29

August 30

August 31

Morning

Afternoon

Evening

Morning

Afternoon

Morning

Afternoon

Morning

Afternoon

Morning

Afternoon

Morning
Afternoon

“ RPN =

Visit to Kvaerner Brug A/S

Hans J. Haug, Manager Manufacturing
Engineering

— — —

JINEC Meeting

Reporting to NORAD

Departure for Sweden

— m— o—

Srinath, Raman in Stockholm.

Visit to Dept. of Machine Elements

Royal Institute of Technology, Stockholm
Mr. A. Folkeson

Srinath, Raman departure for Ggteborg 0745
Srinath, Granstrand visit to Dept. of
Machine Elements, Chalmers Univ. of
Technology

Mr. B. Andersson,
Mr. O. Larsson

Mr. P. CGrunewald,

Visit to R&D Department, SKF G¢teborg
Mr. M. Kjellstr¢m
Srinath, Raman departure for Lund by train

Report writing

Report writing

mn

Departure
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LIST OF DOCUMENTS

Annual Report 1979-80. Automotive Research Association of
India (ARAI). Poona 1980.

Automotive Engineer & Trader. 1980 Annual Numbker.

Consultancy-Rules, Effective from September 1lst 1979. Indian
Institute of Technology

CSIR Handbook 1977, Council for Scientific & Industrial Research
New Delhi.

Dahl, R.: Reiserapport fra opphold i India 18.11 - 21.11.1980.
Direktoratet for utviklingshjelp NORAD.

Department of Science and Technology. Annual Report 1980-81l.
Cirectory of Research Institutions, A, (Classified Under Broad

Research Areas), Department of Science and Technology. New
Delhi 1980.

Direktoratet for utviklingshjelp NQRAD,
India (IND-014 - Tilleggsbevilgning til Tribologisenteret ved
Indian Institute of Technology SD - 92/79).

Economic Situation and Prospects of India, World Bank Report
No. 2933-IN. May 1, 1980C.

Economic Situation and Prospects of India, World Bank Report
3401-IN. April 15, 198l1.

Economic Survey 1980-81. New Delhi 19E&l.

Equipment and Activities at ITMMEC. Written comments from BHEL
and SKF.

Evaluation of a Project Proposal for the Establishment of a
Tribology Centre in New Delhi. A Peport prepared by a
Norwegian mission appointed by NORAD, Trondheim. April 6, 1976.

Handbook of Foreign Collaboration 1980. Directorate Ceneral of
Technical Development. Ministry of Industry. New Delhi 1980.

Handbook of Import - Export Procedures 1981-82, Department of
Commerce. New Delhi 1981.

Handbok for evalueringsspgrsmél. Direktoratet for utviklings-
hjelp, NORAD. Oslo 1981.

ITMMEC Procress Reports.

Memorandum of Association of the Automotive Research Association
of India.

Minutes from meetings between SINTEF and NCRAD.

Minutes from Project Coordination Committee meetings.
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Moe, J. and Stenstadvold, K.: Large-Scale Cooreration between
Industry and a University through Contract Research.
SINTEF Report STF0l1 280013, Nov. 1980.

Referat fra mgte 10. juni 1980 mellom SINTEF/Avdeling for
maskinkonstruksjon og NORAD/Kontoret for helse, familie-
planlegging, ernaring og undervisning.

Referat fra mgte 13. januar 1981 mellom SINTEF/Avdeling for
maskinkonstruksjon og NORAD/Kontoret for helse, familie-
planlegging, ern®ring og undervisning.

Report of the Review Committee on Foreign Technical Assistances
Received by the Indian Institutes of Technology and other
Academic Institutions. Ministry of Education and Culture.

New Delhi 1980.

Report of the Review Committee on Post-Graduate Education &
Research in Engineering & Technology. Ministry of Education &
Culture, New Delhi, June 1980.

Research & Development in Industry 1978-79. Department of
Science and Technology.

Research of Development Statistics 1978-79. Department of
Science and Technology.

Sharma, J.P.; Proposal for Indo-Norwegian Collaboration for
Centre of Industrial Tribology Dynamics and Machine Design.
Indian Institute of Technology, New Delhi, January 15, 1975.

Sharma, J.P.: Survey on Industrial Tribology and Planning 1in
India. Paper 1-6, First World Conference in Industrial
Tribology, New Delhi, 1972.
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SINTEF ANNUAL REPORTS

SINTEF, H. Christensen, NORAD IND 014, Project Management.
Fprste, grove utkast til notat om prosjektets framdrift og
status. June 30th, 1981

SINTEF, NORAD IND 0l4. Progress Reports.
SINTEF, NORAD IND 014, ITMMEC in New Delhi, Draft Budget and
Plans for Operation for 1981, Version Accepted in Coordination

Committee Meeting, December 4th, 1980.

SINTEF, NORAD IND 014, Project Management. Arbeidsnotat.
February 25th, 1981.

SINTEF, J. Lippe, NORAD IND 014, Equipment Procurement, Project
Memo, July 1lth, 1980.

SINTEF, Project Memo, C.R. Jagga, Procgress Report of Training
Supported by NORAD at SINTEF, NORAD IND-014, July 29th, 1980.

SINTEF Project Memos.
SINTEF Statutes.

Sixth Five Year Plan 1980-85. Planning Commission (chapter 19
- Science and Technology) .

Statistical Outline of India 1980. Tata Services Limited,
Bombay, January 1980.

Tribology Centre - Background Memorandum, Evaluation of IND 014,
ITMMEC, Delhi, July 198l.

Workshopr on Engineering Industry/IITs Collaboration (Madras,
June 29, 1981), Proceedings and Action Plan, Association of
Indian Engineering Industry, Calcutta 198l.
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