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 Energy efficiency is a good indicator to assess the level of advancement achieved. Over 50% of

the energy need is met by the oil and about 30% of total energy produced is consumed in
ercoming friction. Out of this 30%, considerable part can be conserved through application
correct tribological principles and practices. In addition to energy, material conservation
n also be affected through wear reduction. Besides energy and meterial conservation, there
other indirect advantages such as reduced outage time of plants, improvement in
uction efficiency, etc. In the country like ours where energy conserved is energy produced,
ical practice can prove as a boon to harness the economy. The current world trend is
s the use of synthetic, ehvironment friendly, multigrade lubricants, friction modifiers
wear resistant surface treatments to improve the tribological performance of the
components. -

The X National Conference on Industrial Tribology offers a platform to tribologists,
ising engineers, professionals from research and industry to share their experience and to
ntify the knowledge gaps existing between theory and practice. IIP has a strong group of
entists and engineers engaged in tribological research in the area of lubrication, lubricant
elopment, wear modelling, wear mechanisms, automotive and metal working lubrication
‘and contributed significantly in this area of tribology.

[ hope that the Conference will be able to identify the knowledge gaps and to plan for future
need of the country.

ish the Conference all success.

Dehra Dun Dr. T.S.R. PRASADA RAO

Director
Indian Institute of Petroleum
Dehra Dun




FROM THE ORGANISING SECRETARY

Technology advancement can be measured through effective utilization of energy.
- Tribological approach to machine design and selection of materials can play a dominant role
~ inenergy and material conservation. Researchers and practising engineers both have to work

~ hand in hand to reduce the knowledge gap prevailing between the theory and practice. The

role of the Government is to draw attention of people to this and to provide motivation for
- adopting the correct practices.

- The X National Conference on Industrial Tribology is a platform where research scientists
‘and practising engineers can share their experiences. Keeping this in view, the theme of the
Conference is chosen as: The Challenges in Tribology: Indian Requirements. It would be a
matter of great satisfaction not onby to the organisers but also to the whole tribology
community in the country, if somie useful thoughts and directions for perspective development
can come out of the deliberations at this Conference.

The subject matter of the Conference is divided into 9 broad areas. The charge of each of this
area has been given to a Session Organiser, with requisite background and experience. He is
responsible for selection and review of papers in his area and for the conduct of his session.
This experiment has been tried for the first time in this series of conferences.

As you all know organising a conference is a large task. I have been able to accomplish this
with the willing cooperation of my numerous colleagues and of tribologists and practising
professionals in the country. I would like to express my gratitude to all people who have
contributed towards this. I am thankful to all authors whose papers could be accommodated
as well as to those for whom we could not find space this time. The response of papers was
overwhelming. I hope they will understand my predicament. I am grateful to the Director,
Indian Institute of Petroleum for readily agreeing to host this Conference at IIP and extending
all help.

SUDHIR SINGHAL
Head
Petroleum Products Application Division

Indian Institute of Petroleum
Dehra Dun

vii




X NATIONAL CONFERENCE ON INDUSTRIAL TRIBOLOGY
MARCH 24-26, 1993

NATIONAL STEERING COMMITTEE

Dr. T.S.R. Prasada Rao Chairman
Director, Indiart Institute of Petroleum, Dehra Dun.

Prof. A. Sethuramiah . President, Tribology Society of India
Head, ITMMEQC, Indian Institute of Technology,
Ngvy Delhi.
Mr. R.A. Rao Executive Director
Indian Additives Limited, Madras.
Prof. D.V. Singh Director
Central Road Research Institute, New Delhi.
Dr. V. Ramaswamy Executive Director
RDCIS, Steel Authority of India Ltd., Ranchi.
Dr. A.N.N, Murthy Director
Department of Science & Technology, New Delhi.
Dr. T.S. Krishnamurty Executive Director
Centre for High Technology, New Delhi.
Mr. A.P. Gandhi Vice President
Escorts Ltd., Faridabad.
Mr. S. Ram Mohan General Manager
Indian Oil Corporation Ltd., Bombay.
Dr. S. Satyamurty Director (E&Q)
Eicher Goodearth Limited, New Delhi.
Mr. B.G. Kemshetti Director
Central Machine Tool Institute, Bangalore.
Dr. K.L. Mallick General Manager (R&D)
Lubrizol India Ltd., Bombay.
Mr. S.K. Kapoor General Manager
Hindustan Petroleum Corporation Ltd., Bombay.
Mr. Sudhir Singhal Convener, Organising Secretary X NCIT

Head, Petroleum Products Application Division,
Indian Institute of Petroleum, Dehra Dun.



X NATIONAL CONFERENCE ON INDUSTRIAL TRIBOLOGY
MARCH 24-26, 1993

INTERNAL COMMITTEES

CONFERENCE COORDINATION COMMITTEE

Dr. T.S.R. Prasada Rao, Director, IIP Chairman
Mr. Sudhir Singhal, “Organising Secretary X NCIT
Dr.K.S. Jauhri
Mr. V.K. Jain .
Dr. P.C. Nautiyal Convener
TECHNICAL COMMITTEE
Mr. Sudhir Singhal Chairman
Dr. Mathew Abraham
Dr. R.P.S. Bisht
Mr. V.K. Jain
Dr. P.C. Nautiyal
Dr. M. Pal
Mr. B.M. Shukla
Dr. D.S. Shukla
Dr. M.R. Tyagi
Dr. V.R.K. Sastry Convener
ORGANISING COMMITTEE
Dr. P.C. Nautiyal, Chairman Mr. R.L. Mendiratta
Mr. S.K. Bansal Mr. B.S. Rawat
Dr. R.P.S. Bisht Mr. R.N. Roy
Mr. P.V. Dogra Dr. V.R.K. Sastry
Dr. S.K. Goyal Mr. B.M. Shukla
Mr. P.X. Jain Dr. D.S. Shukla
Mr. VK. Jain Dr. H. Singh
Dr. K.S. Jauhri Dr. M.R. Tyagi
Mr. D.L. Kapoor Dr. Mahendra Pal, Convener

Mr. Hanumant Lal




SESSION ORGANISERS

LUBRICATION BASICS

FRICTION AND WEAR

TRIBOLOGY OF MACHINE ELEMENTS

METAL WORKING LUBRICATION

.t

AUTOMOTIVE LUBRICATION

POWER PLANT TRIBOLOGY

SPECIAL TOPICS IN TRIBOLOGY

TRIBOTESTING AND ANALYTICAL

TECHNIQUES

INDUSTRIAL LUBRICATION,
GREASES AND SPECIALITIES

Prof. D.V. Singh,

Central Road Research Institute
New Delhi

Prof. A. Sethuramiah,

Indian Institute of Technology
New Delhi

Mr. M. Radhakrishnan,
Central Machine Tool Institute
Bangalore

Dr. P.C. Nautiyal,

Indian Institute of Petroleum
Dehra Dun

Mr. Sudhir Singhal

Indian Institute of Petroleum
Dehra Dun

Mr. K. Kurian John,

BHEL Corporate (R&D)
Hyderabad

Prof. B.S. Prabhu,

Indian Institute of Technology
Madras

Mr. A K. Mehta,

Indian Oil Corporation Ltd.,
Faridabad

Dr. J. Bhatia,

Balmer Lawrie & Company Ltd.,
Bombay



'CONTENTS

10,

R 11

- Foreword

- From the Organising Secretary
- Committees

~ Session Organisers

VOLUME |

' LUBRICATION BASICS

. Lubrication theories ot

B.C. Majumdar

3 Stability analysis of rigid rotor in turbulent hydrostatic full finite porous journal

bearings with anisotropic permeability
Anjani Kumar and N.S. Rao

. Thermal effect on the film thickness HD and EHD of line contacts

Mihir K. Ghosh

. An experimental investigation of cavitation phenomenon in a plain journal

bearing
K. Mistry, S. Biswas and K. Athre

. Stability of gas bearings

S.S. Wadhwa

. Isotropic roughness effect on the dynamic characteristics of hydrodynamic

journal bearings
Sisir Kumar Guha

. Stability analysis of multilobe bearings

K. Dargaiah, P. Kamalam and B.S. Prabhu

. Characterization of wear in journal bearings operating under mixed lubrication

conditions
A. Ramamohana Rao, P.V. Mohanram and P. Satya Sai Kumar

. Experimental study of journal bearing performance with non-newtonian

lubricants
D. Sheeja and B.S. Prabhu

Frictional torque measurement in foil bearing—a simple experimental technique
S. Ramamurthy, V. Arun Kumar and B.S. Prabhu

Experimental evaluation of stiffness and damping coefficient of foil bearings
P. Jitender, S. Haranath and V. Arun Kumar

X1

vii
ix

14

22

28

34

40

46

52

60

66

72



TRIBOLOGY OF MACHINE ELEMENTS

12.

13,

14.

15.

Vibration severity of cracked rotor supported on fluid film journal bearings
A.S. Sekhar and B.S. Prabhu

Experimental investigation of a rotor mounted on tilting-pad journal bearing
S.R. Jayaram and B.S. Prabhu

Stiffness and damping coefficient variation in squeeze film dampers

—a brief discussion

V. Arun Kumar and B.S. Prabhu

Performance improvement of rolling bearings by thin layer chromium plating
P. Bauer and N. Geheeb

FRICTION AND WEAR

16

17

18.

19.

20.

2L

=
On-line tool wear monitoring in turning through acoustic emission
H.V. Ravindra, Y.G. Srinivasa and R. Krishnamurthy

Effect of oil soluble orgaho molybdenum compound on friction and
wear characteristics of engine tribosystems
A.K. Gondal, A. Sethuramiah and Braham Prakash

Tool wear studies_during machining of carbon and kevlar fibre reinforced.

thermoset plastic matrix composites using HSS tools
G. Santhanakrishnan, R. Krishnamurthy and S.K. Malhotra

Wear. characteristics of compo-cast leaded aluminium copper alloys under
lubricated sliding conditions
J.P. Pathak and S.N. Tiwari

Lubricity characteristics of phosphorothio derivatives of pentadecyl phenols and
lauryl oleate
O.N. Anand, A.K. Singh, Vijay Kumar and R.P.S. Bisht

Systematic maintenance through contaminant analysis in lubricant at
Rourkela Steel Plant

A.K. Mishra, C.D. Mishra, A.K. Bhakat, V. Varma, T.D. Chatterjee,
B.N. Saha and S.R. Mediratta

SPECIAL TOPICS IN TRIBOLOGY

22.

23.

Mechanisms|of wear of ceramics in metal cutting environment
V. Sivasankaran and R. Krishnamurth y

An approach to determine minimum cycles before formation of craters due to
leakage of charge energy of the liner surface of tilting pads of a thrust bearing
Har Prashad

81

87

93

99

107

113

119

125

131

137

147

153



- 24. Review of rejection limits for conservation of lubricants
) M.K. Tyagi

- 25. Tool wear in machining of advanced ceramics

S.C. Laroiya, M. Adithan and Dell K. Allen

VOLUME II

AUTOMOTIVE LUBRICATION

I 26 Effect of multigrade oils on engine wear in railroad applications
S.K. Mazumdar, P. Arikkat, A.M. Rao, S.P. Srivastava and A.K. Bhatnagar

_ 27. Engine oil consumption and its control
R.B. Koganti, A.K. Sehgal, S.K. Mazumdar and N.R. Raje

. Animproved profllometrxc techmque reveals influence of 2T oil formulations on
two stroke engine wear
A.K. Gondal, P.G. Khanwalkar, M. Gupta and S. Singhal

. Role of VI improvers in crankcase oils for automobiles
Fakira Singh and K.B. Mathur

>"~‘L' Studies on characterization of running-in of engine cylinders through fourier
~ analysis of roughness profiles
- MR. Tyagi and S. Singhal

POWER PLANT TRIBOLOGY

<3‘l. Investigation in some typical applications of oil field spherical roller bearings
D.J. Barua and Rajeev Passi

- 32. Dielectric properties of a few lubricants—Part-I
S. Biswas, S. Mukherji, A. Bhoomaiah, Shafeeq Ahmed and S.K. Bhave

33, Dielectric properties of a few lubricants—Part-II
1 S. Biswas, S. Mukherji, A.K. Adikesavulu, R. Rajaraman, K.R. Sulaiman Sheriff,
Shafeeq Ahmed and S.K. Bhave

f'34. Performance evaluation of high speed shaft seal used in hydro turbine
- TR. Choudhary and S.R. Rathore
35. Tribology in power sector
- K.K. Chaturvedi and K.V. Bhaskara Sharma
~ 36. Application of S.G. iron bearings with improved wear resistance for electrical
sheet mill of Rourkela Steel Plant
P.K. Bandyopadhyay, A.K. Bhakat, S.K. Mazumdar, T.D. Chatterjee and
S.R. Mediratta

X1

161

164

173

179

186

192

198

207

213

219

225

233

239



METAL WORKING LUBRICATION

.1 8

38.

39.

40.

41.

42,

43.

44.

Evaluation of abrasive wear characteristics of plasma sprayed Zircyt coatings
S. Gowri, K. Narayanasamy, R. Krishnamurthy and K. Kamban

Our experiences about “metal working fluids”
A.P. Deshmukh and D.R. Balsara

Experimental study of wear of aluminium—in metalworking conditions
S.C. Sharma, K.L. Awasthy and G.P.S. Paintal

Study of oil degradation in plastic deformation conditions

B.M. Shukla, D.S. Shukla, I.D. Singh and P.C. Nautiyal

Tribological indices under different modes of lubrication conditions for metal
working :

V.K. Jain, B.M. Shukla and D.S. Shukla

Potential use of jojoba oiland its derivatives as soluble cutting oil

R.P.S. Bisht, M.R. Tyagi, P.C. Nautiyal and V.K. Bhatia

Influence of lapping conditions and parameters on the surface contamination
A. Barylski

Tribology of metalworking in the nineties
John A. Schey

INDUSTRIAL LUBRICANTS, . GREASES AND SPECIALITIES

45.

46.

47.

48.

49.

50.

Foaming and air release properties of mineral oils

N. Santanam and P, Shanmugam

Energy savings through a new industrial gear oil

Deepak Saxena, A.V, Suresh Babu, R.T. Mookken, V. Martin, T.L. Nanda,
S.P. Srivastava and A.K. Bhatnagar

Energy efficient greases: review and development of a friction modified grease
E. Sayanna, Anoop Kumar, A.V. Suresh Babu, K.P. Naithani, A.K. Misra and
A.K. Bhatnagar

Studies in biodegradable greases and speciality lubricants

A.K. Bhatta and J. Bhatia

Development of a high performance synthetic grease for steel plant applications
S. Mahanti, A.K. Bhatta, S.K. Laha and V.N. Sharma

Speciality lubricants for textile applications
G.A. Gandhi

TRIBOTESTING AND ANALYTICAL TECHNIQUES

i 8

A new laboratory test method for assessing energy efficiency characteristics of

lubricants
A.V. Suresh Babu, V, Martin, A.S. Verma, R.T. Mookken and A.K. Mehta

X1v

249

253

257

263

269

275

280

290

299

306

312

318

324

330

339



al study in wear and friction reduction using certain N, S and O
heterocyclic compounds as potential ep additives
Verma, A. Bhattacharya, T. Singh, A.P. Singh and R. Singh 345

additives for extreme pressure lubrication

h and C.V. Chandrasekharan 351
acterization and simulation of wear occurring in the cylinder bore of the
combustion engine

S. Eyre, K.K. Dutta and F.A. Davis 357
nvasive tribological testing of lubricant (oil) under high pressure

ugandhi and A.S. Zadgaonkar 366
w test rig for the precise measurement of friction in high speed textile spindles

h Babu, V. Martin, R.T. Mookken, T.L. Nanda and A.K. Mehta 371

ogy methodology and analytical techniques

Eyre w 377
plication of expert systems for machinery fault diagnosis
. Rao : 385
Lubricated wear—The interface between theory and practice
A. Sethuramiah 392
hor Index . 399

XV



