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ABOUT TRIBOLOGY SOCIETY OF INDIA

Tribologists in India have been organizing Conferences on this subject since 1972 for
exchange of ideas and interaction. Such Conferences have been organized in 1972, 74,
76, 79, 81, 84, 86 and 89 by Industries, Research Institutions and Academic Institutes.
During the Conference held in 1984, participating delegates decided to form a Profes-

% sional Society to cater to the needs of this disci pline. The legal procedures were
initiated and formal registration was completed in 1989. Permission has also been
obtained from the Govt. of Andhra Pradesh/Govt. of India to change name of the Society
to “Tribology Society of India”, as requested by the Society. The Society has been
affiliated to the International Tri bology Council, U.K.

Presently, scientists and engineers working in oil industry, power sector, research
laboratories, academic institutes and government agencies are its members. The number
of institutional members, donor members, ordinary members and student members is 8,
11, 145, and 10 respectively. The Society has started publication of a quarterly newsletter
beginning January ’90 from the Indian Institute of Petroleum, Dehra Dun. The next
National Conference on Industrial Tribology is all set to be held in February, 1991,
at Bangalore and will be hosted by CMTI, Bangalore. The Head Office of the Society is
at Bharat Heavy Electricals Limited, Corporate Research and Development Division,
Tribology Laboratory, Vikasnagar, Hyderabad-500593. The Office Bearers of the Execu-
tive Committee are as follows :

1. President g Shri Indu Vira, General Manager
Indian OQil Corporation
G-9, Ali Yavar Jung Marg
Bandra/East, Bombay-400 051,

= 2. Vice-President . Prof. A. Sethuramiah
ITMMEC, IIT
Hauz Khas, New Delhi-110 016,
3. Secretary : Shri K. Kurian John, AGM (Mechanical)

BHEL Corporate R & D
Vikasnagar, Hyderabad-500 593.

4. Joint Secretary : Dr B. Kanaka Raju, Head, IBT, CGI
VSSC, Trivandrum-6Y5 022,
5. Treasurer 3 Shri T. Muralidhara Rao

BHEL Corporate R & D
Vikasnagar, Hyderabad-500 593,

This NEWS LETTER is being brought out by the staff of the Tribology Laboratory
of Indian Institute of Petroleum on behalf of the Tribology Society of India.




ANNUAL G.B. MEETING

The General Body meeting was held on 8-12-89 at L.I.P. where 39 members partici-
pated. The meeting was presided over by Shri Indu Vira, President of T S.1. The Secretary,
Shri K.K. John summarized the budget for the year 1989-90 and gave details of the receipts
and expenditure. Thereafter, budget for the year 1990-91 was presented and approved by
the General Body. The following points were discussed.

® Central Machine Tool Institute, Bangalore agreed to sponsor the NCIT "91.
* The change of name of Society to T.S.I.

* The first Newsletter was brought out by L.LI.P. on behalf of T.S.I. and distributed
amongst its members.

* A Workshop on ‘Energy Efficient Oils’ was held on 8-12-89.

* Shri K. Radhakrishna was appointed as the Auditor of the Society for the year
1989-90 and 1990-91.

* General Body expressed its thanks to the Indian Institute of Petroleum for organising
the Workshop and for publishing the Newsletter.

EXECUTIVE COMMITTEE MEETING

Shri Indu Vira, President, T.S.I. presided over the meeting on 8-12-89 in presence of
Shri K.K. John, Shri S. Singhal, Dr. A. Sethuramiah and Prof. D.V. Singh. The following
points were discussed :

* Need to represent a member of the Society in International Conference atleast once a
year.

* A brief write up about the activities of T.S.L., its background, Newsletter, Workshop
etc., is to be sent to the International Tribological Societies.

* To develop a methodology for the formation of local chapters, region-wise and subject-
wise. An approach paper is to be prepared by Shri Indu Vira and Shri R.A. Rao.

* Possibility of participation of foreign experts in the National Conference.
* It was decided that a suitable membership card be designed for issue.

% [t was felt desirable to take Tribology to rural areas. An approach paper may be
prepared by Shri R.A. Rao and Shri K. Kurian John.

* The next NCIT meeting will be held in Feb. 1991 at Bangalore. Suggestions came up
for publication of 2-3 selected papers from the proceedings in international journals.
For this purpose, a committee is to be formed.

* |t was decided that attempts should be made to host an International Conference
during 1992-93.

WORKSHOP ON ‘ENERGY EFFICIENT LUBRICANTS’

A Workshop on ‘Energy Efficient Lubricants’” was organised by the Indian Institute
of Petroleum on behalf of T.S.I. on 8-12-89 at I.L.P. Campus. The workshop was attended
by 21 delegates from various organisations and also by other members of the Society.
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The Workshop was divided into two sessions. In the first, a key paper entitled
‘Energy Efficient Lubricants’ was presented by Shri V. Martin of IOC (R & D) under
the chairmanship of Prof. D.V. Singh, formerly of University of Roorkee. The paper
dealt with the role of ‘FMs’ in energy saving, their interaction in relation to automotive
and industrial oils. At the end, Prof. Singh summarized the total proceedings of the
session.

In the second session chaired by Prof. A. Sethuramiah, I1.1.T., Delhi; Dr. G.C. Joshi
and Dr. G.C. Misra of LI.P. presented a chemist’s view-point of ‘FMs’ while Shri S.
Bhattacharya and Shri M. Gupta of 1.1.P. presented an engineer’s view-point of possible
energy saving sources. The following trends emerged from the Workshop :

* Need for developing a methodology for evaluation of ‘FMs.’
* Need for studying the mechanism of ‘FMs.’
* Possibility of using synthetic lubricants and their development in the country.

The deliberations of the Workshop were released to the press. Mr. S. Singhal, Actg.
Director, I.I.P. stated that upto 7% energy saving was possible in automotive vehicles
with the use of ‘FMs’ and some of these gains were already helping the country in saving
of fuel and energy worth crores of rupees annually,

THIRD EXECUTIVE COMMITTEE MEETING

Thc following was the outcome of the meeting held on 24-5-90 :
The name of Society as ‘Industrial Tribology Society’ has been changed to
‘Tribology Society of India’.

The Society instituted two prizes for the best paper in basic research and applied
research. The cash prize would be Rs. 500/- each alongwith a certificate.

* It was informed to all that the Silver Jubilee of International Tribology Council,
U.K., was taking place on 9-3-91.

HONORARY MEMBERSHIP

The General Body was pleased to confer Dr. I.B. Gulati, retd. Director, I.I.P., a
honorary membership for his excellent technical contribution and effort for the cause of
the Society.

INSTITUTIONAL MEMBERS
The following organisations have become Institutional members of the Society :

1. M/s. Centraline Lubro-Tech. Engineers P, Ltd.
Post Box 11712, Nariman Point, Bombay-400021

2. M/s. 1.B.P. Co. Ltd.
3, Graham Road, Budge 24 Parganas, West Bengal

3. M/s. Balmer Lawrie & Co. Ltd.
5, J.N. Heredia Marg, Ballard Estate, Bombay-400038

4. M/s. Indian Oil Corporation Ltd.
G-9, Ali Yavar Jang Marg, Bandra (East), Bombay-400051

5. M/s. Tide Water Qil Co. (India) Ltd.
32, R. Kamani Marg, Ballard Estate, Bombay-400038
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10.

10.

11.

M/s. Bharat Petroleum Corp. Ltd.
A. Installation, Sewree Fort Road, Sewree (East), Bombay-400015

M/s. Petrosil Oil Co. Ltd.
Apee Jay House, 3 Dinsha Vatcha Road, Bombay-400020,

M/s. Centre for High Technology
707, N. Delhi House, 27, Barakhamba Road, New Delhi-110001

M/s. Hindustan Petroleum Corp. Ltd.
8, S.V. Marg, P.B. No. 155, Bombay-400038

M/s. Lubrizol India Ltd., Leo House, 4th Floor
88-C, Old Prabhadevi Road, Bombay-400025

DONOR MEMBERS

Shri Indu Vira, G.M. (8A), Indian Oil Corporation
G-9, Ali Yavar Jung Road, Bombay-400051 Ph. 6424215

Shri Krishna Lall Awasthy, . T.M.M.E.C.. L.I.T.
Hauz Khas, New Delhi-110016

Prof. A. Sethuramaih, LT.M.M.E.C., LILT.
Hauz Khas, New Delhi-110016, Ph. 650358

Shri Sudhir Singhal, Actg. Director
Indian Institute of Petroleum, Dehra Dun-248005, Ph. 24508,

Shri K. Kurian John, Dy. G.M., BHEL (Coporate Research & Development
Division), Vikas Nagar, Hyderabad-500593, Ph. 261065

Dr. B. Kanaka Raju, Head IBTS, ISL
Vikram Sarabhai Space Centre, Trivandrum-695022, Ph. 562498/563817

Prof. B.V.A. Rao
I.1.T., Madras-600036, Ph. 415265/415923

Shri R.A. Rao, Indian Additives Ltd.
480, Anna Salai, Nandanam, Madras-600035

Shri J.R. Nanda, Chief Research Manager
10C, R & D Centre, Sector 13, Faridabad-121007, Ph. 8127256

Shri Prem Sagar Gupta, ONGC, OBG
Chandkhera, Ahmedabad-380054

Ashok Kumar Agarwal, ONGC Nagar
C-30, Palavasna, Mehsana-384001

ORGANISATIONS ENGAGED IN TRIBOLOGY
Industrial Tribology, Machine Dynamics and Maintenance Engineering Centre

(I.T.M.M.E.C.) : Institute No. 2,

The Centre was set up in 1978 under the aegis of the Indian Institute of Techno-

logy, Delhi with the aim to bridge the technological gap between industries and LIT.
LT.M.M.E.C. has established itself as a forerunner of technology in the areas of Mainte-
nance, Machine Dynamics and Indutrial Tribology.
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The Centre offers the services in the form of research, sponsored and consultancy
projects, special purpose training programmes—both in-house and in-plant, Workshops
and Conferences. Based ona Total System Approach to solve the problems faced by
the Industries in relation to the achievement of capacity utilisation of their plants, the
Centre has been involved in over 96 consultancy and research projects for the various
sectors of the Industries. Additionally, it has also conducted 35 training programmes
in which over 900 engineers from various sectors have been trained.

The Centre is equipped with SRV Optimal tester, Four ball, Pin and disc, Friction
and wear testers, Twin Station Journal testing machines, Ion-plating system etc. Excel-
lent support is provided by Scanning Electron Microscope with EDAX, Micro hardness
tester, Ferrograph, Particle Size Analyser and Surface roughness measuring equipement.

Differential Scanning Calorimeter, GC, Mass Spectrometer, UV Spectrometer,
Differential Thermal and Thermal Gravimetric Analysers etc. are some of other important
facilities at the Centre to augment the tribological studies.

Current thrust areas are : studies related to lubricants, lubrication, friction and wear
studies, wear control, condition monitoring techniques, RAM engineering, failure analy-
sis, vibration and noise engineering and performance evalnation.

CORRIGENDUM

The brief views on ‘Need for Aqueous Oil System in India’ published in the issue
of December 1989, TSI Newsletter was written by Mr. VK. Jain, IIP instead of Dr.
D.S. Shukla.

CALENDAR

— 9th National Conference on Industrial Tribology (Feb. 1991, Bangalore).

— Frontiers In Tribology (15-17 April. 91 Stratford Upon Avon, UK).

— STLE 1991 Annual Meeting (29 April.-2 May 91 Montreal, Canada).

— 2nd Argentinian Conf. on Tribology (12-16 Aug. 1991, Buenos Aires, Argentina).
— STLE/ASME Tribology Conf. (14-16 Oct. 91, St. Louis, MO, USA).

LITERATURE CONTENTS
TRIBOLOGY INTERNATIONAL (TI) Vol. 22, No. 3 1989

Compressibility and inertia effects on the dynamic behaviour of recessed
hdrostatic bearings—E. Pollmann and M. Vermeulem 166

Static behaviour of an integral externally pressurized gas bearing comparison
with other types of bearing—R. Sassani, E. Ciolli and P. Forte. 177

Corrosive wear in crosshead diesel engines—A.K. Van Heldon M.C. Valentijin
and H.M.J. Van Doorn 189

Cavitation erosion of grey cast irons containing 0.2 and 1.0% phosphorus in
corrosive waters—W.J. Tomlinson and M.G. Talks. 195
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Operational capability of heat transport pumps under two-phase flow conditions
—A.N. Kumar and P.R. Burchett 205

The survival of Lugionella pneumophila in dilute metalworking fluids—R. Usmore 213
Laboratory studies on the wear of grinding media—K. Uday Kumar, Pradeep

Gundappa, B.N. Pramila Bai, K.A. Natarajan and S.K. Biswas 219
WEAR Vol. 130, No. 2, April 1989
General aspects for tribological applications of hard particle coatings

—1J. Fohl, T. Weissenberg and J. Wiedemeyer 275
The information content of surface profiles, surface profiles measurements,

and profile characterizations—B.E. Klamecki 289
Elastohydrodynamic point contacts part I : formulation and numerical solution

—J. Seabra and D. Berthe 301
Elastohydrodynamic point contacts part 11 : influence of surface speeds, surface

waviness and load on the contact behaviour—J. Seabra and D. Berthe 319
Laser cladding of Ti-6A1 4V with BN for improved wear performance

—P.A. Molian and L. Hualun 337
Wear processes in the diamond grinding of zirconia ceramics

—R.M. Hooper and J.E. Morgon " 353
Two new formulae to calculate the film thickness in elastohydrodynamic
lubrication and an evaluation of Grubin’s formula—P.S. Zhang and J.H. Gou 35T

An investigation of acoustic emission in sliding friction and wear of metals.
—S. Lingard and K.K. Ng

Effect of amplitude on the erosion and corrosion of copper by 20 kHz ultrasound
—W.J. Tomlinson and D. Chapman 381

Vol. 131 No. 1 May 1989

‘/ Analysis of the effects of an electric current on contact temperature, contact
stresses and slip band initation on the roller tracks of roller bearing—H. Prashad

Gouging abrasion of wear-resistant alloy white cast irons—I.R. Sare
and B.K. Arnold 15

Erosion-corrosion mechanism and rates in Fe-Cr steels—A.V. Levy and Y.F. Man 39
Effect of particle variables on the erosion-corrosion of 9Cr1Mo steel

—A.V. Levy and Y-F Man 53
The effect of test conditions on the erosion-corrosion of alternate low alloy steel

tubing alloys—A.V. Levy and B.Q. Wang 71
Erosion corrosion of steels in simulated and actual fluidized bed combustor

environments—A.V. Levy, A.Q. Wang, Y.F. Man and N. Jee 85
Thermal effects in the erosion of ductile metals—I.M. Hutching and A.V. Levy 105
A study by scanning electron microscopy of magnetic head-tape interface

sliding—S.J. Calabres, B. Bhushan and R.E. Davis 123
Erosion of a chromium-plated tank gun barrel—D.M. Turley 135
Pressure spikes in elastohydrodynamics—some elastic considerations—R.W. Hall 151
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The chemical stability of ceramic cutting tool materials exposed to liquid metals
—J.A. Yeomans and T.F. Page

The contact resistance and wear behaviour of separable electrical contact materials

—S I.N. Goodman and T.F. Page

163

177

Vol. 131 No. 2 June 1989

Wear study of glass woven roving composite—B. Vishwanath, A.P. Verma and
C.VS.K. Roa

Relation between tool life in milling and in interrupted turning
—8. Lo Casto, A. Lombardo and G. Passannanti

Estimate of the dust attrition of granular activated carbons—V.R. Deitz

The influence of fluid inertia on the operating characteristics of finite journal
bearings—C.H. Sen and C,K. Chen

Wear of 6061 aluminum test specimens during an in-bed exposure to an AFB
cold model environment—R,A. Dennis

High temperature lubricants from biodeuterated materials produced by algae
—R.A. Neihof, M.M. Ross, R.G. Munro, L.S. Hsu, .C.S Ku and H.L. Crespi

Sliding wear studies of Ni-Cu composition-modulated coatings on steel
—A.W. Ruff and Z X. Wang

Inertia effects in rheodynamic lubrication of squeeze film bearing
—R.L. Batra and A. Kandasamy

The effect of additions of boundary lubrication—D. Cooper and J.L. Sullivan

Solubility problems with sulphurized sperm oil replacement extreme pressure
additive I1 : solubility of additives in mineral base oil hydrocarbon constituents
—XK.P. Kaishev, G.S. Cholakov, K.G. Stanulov and M.D. Shopova

Spherical particles generated during the running-in period of a diesel engine
—Y. Jin and C. Wang

Grinding swarf—D.M. Pai, E. Ratterman and M.C. Shaw

Tribology of niobium-coated SiC ceramics and the effects of high energy ion
irradiation—M. Kohzaki, S. Noda, H. Doi and O. Kamigaita

Sliding sphere experiments on various single crystals of Mn Zn ferrite
—A. Broese Van Groenou and S E. Kadijk

The fretting of mild steel in air—J. Warburton
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251
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273
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315
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353
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Vol. 132 No. 1 May 1989

Correlation of tribological and metal physics data : the role of stacking fault
energy—H.G. Feller and B. Gao

Abrasive wear study of laser surface alloying of chromium onto AISI 1018 steel
—Y.Z. Tan and J.L. Doong

A study of the film formation for a rough slider bearing—Y.Z. Hu and L.Q. Zheng

Investigation into the mechanism of sealing in shaft stuffing boxes—Y.A.Z. Gaft,
V.G. Krivonogov and V.A. Petushkov

39



The effect of thickness on the lives of polystyrene films subjected to fretting
conditions—R. Raciti, N.S. Eiss, Jr., H.H. Mabie and M.J. Furey

Scratch hardness and wear performance of laser-melted steels : effects of
—anisotrophy—H. de Beurs, G. Minholts and J, Th. M, de Hasson

The deterioration of bonded abrasive papers during the wear of metals
—A.P. Mercer and I.M. Hutchings

Detection of tribofragments of phosphorus compounds by AES and SIMS
—H.J. Mathieu, R. Sceumacher and D. Landolt

Tribological reactions of perfluoroalkyl polyether oils with stainless steel under
ultrahigh vacuum conditions at room temperature—S. Mori and W. Morales

Machining characteristics of laser tungsten surface alloyed M2 high speed steel
—M.J. Hsu and P.A. Molian

Non-linear transient anyalysis for an externally pressurized porous gas journal
bearing—M.C. Majumdar and B.C. Majumdar

Unlubricated friction and wear behaviour of toughened zirconia ceramics
—G.W. Stachowiak and G.B. Stachowiak

A complete description of surface texture profiles—D.J. Mulvaney, D.E. Newland
and K.F. Gill

Rolling contact wear of polymers; a preliminary study—C.C. Lawrence and
T.A. Stolarski
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New method of description of dynamic properties of slider bearings—I. Kicinski

A new method for the experimental investigation of contact in mixed lubrication
—X. Liang and Z. Linquing

Effect of blending of silicon carbide particles in varying size on the erosion of
Ti-6A1-4V—J.R. Zhou and S. Bahadur

Friction and wear studies of a short glass fibre-reinforced polyetherimide
composite—J. Bijwe, U.S. Tewari and P. Vasudevan

Burnishing and adhesive wear of an electrically conductive polyester carbon
film—P.C. Michael, N. Saka and E. Robinowicz

Wear research on large-scale test specimen—M. Vermeulen

Analysis of squeeze film lubrication between two rectangular porous plates
with a second-order fluid—N.M. Bujurke, M. Jagadeeswar and P.S. Hiremath

Mechanical-chemical wear process of an aluminium alloy bearing—S. Turina
—M. Opalic, P. Rakamaric and A. Reka

High speed steel tool wear studies in machining of glass-fibre -reinforced plastics
—@G. Santhanakrishnan, R. Krishnamurth and S.K. Malhotra

Wear tests of grey cast iron against ceramics—.Y Nakamura and S. Hirayama

Corrosion-abrasion wear resistance of 287, Cr white cast iron containing boron
—N. Ma, Q. Rao and Q. Zhou

Metallic film transfer during metal-ceramic unlubricated sliding
—G.W. Stachowiak, G.B. Stachowiak and A.W. Batchelor

205

221

235
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265
287

303

312

327
337

347

Vol. 133, No. 1 Sept. 1989

Sliding wear of ceramic, ceramic steel and steel, steel pair in lubricated and
unlubricated contact—K.H, Zum Gahr
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Wear debris compaction and friction film formation of polymer composites

—M.G. Jacko, P.H.S. Tsang and §.K. Rhee 23
Friction-induced noise and vibration of disc brakes—S.K. Rhee, P.H.S. Tsang

and Y.S. Wang 39
The influence of asperity deformation canditions on the abrasive wear of

irradiated polytetrafluoroethylenes—B.J. Briscoe and P.D. Evans 47
Rolling contact deformation and microstructural changes in high strength bearing

steel—V. Bhargava, G.T. Hahn and C.A, Rubin 65
Tribological characteristics of synthesized diamond films on silicon carbide

—S. Jahanmir, D.E. Deckman, L.K. Ives, A. Feldman and E. Farabaugh 73
Wear of standard and hard-metal-couplings with oilfield tubing

—D.G. Bellow, D.C. Owens and I. Smuga-Otto 83
The effect of sand concentration on the erosion of materials by a slurry jet

—S. Turenne, M. Fiset and J. Masounave 95
Adhesion, friction, and wear of plasma-deposited thin silicon nitride films at

temperatures to 700°C—K. Miyoshi, J.J. Pouch, S.A. Altervitz, D.M. Pantic

and G.A. Johnson 107
Particle erosion of candidate materials for hydraulic valves

—D.H. Graham and A. Ball 125
Tribochemical wear of silicon nitride in water, n-alcohols and their mixture

—Y. Hibi and Y. Enomoto 133
Sliding damage of silicon nitride in plane contact—Y. Kimura, K. Okada

and Y. Enomoto 147
Sintered 6061 aluminium alloy-solid lubricant particle composite : sliding wear

and mechanisms of lubrication—A K. Jha, 8.V, Prasad and G.S. Upadhyaya 163
Microstructure and wear of cast (Al-Si alloy)-graphite composites

—S. Das, S.V. Prasad and T. Ramachandran 173
The influence of the composition and coating parameters of PVD Ti-Al-V(C,N)

films on abrasive and adhesive wear or coated cemented carbide

—O. Knotek, R. Elsing, M. Atzor and H.G. Prengel 189
TRIBOLOGY TRANSACTIONS Vol. 32, No. 2 April 1989
Measurement of the steady state operating characteristics of the five shoe tilting pad

journal bearing—K.R. Brockwell 267
An improved analysis of rectangular swing pad thrust bearing—Y.P. Chiu 113
Comparison of the tribological properties of fluorinated cokes and graphites

—L. Robert Fusaro 121
Non-newtonian and thermal effects in journal bearings—A. Derdouri and

P.J. Carreau 161
Interfacial phenomena in change-oif-phase heat transfer : low concentration

polymer solutions—L.J. Gerhardt and P.C. Wayner, Jr.
Thermal decomposition investigations of candidate high temperature base

fluids part I : Silahydrocarbons—Vijay K. Gupta, E. Carl Snyder Jr.

J. Lois Gschwender and W. George Fultz 276
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Thermal decomposition investigations of candidate high temperature base fluids
part 2 model silahydrocarbons—Vijay K. Gupta, E Carl Snyder Jr.,
J. Lois Gschwender and J. Grace Chen

Energy dissipation in non-hertzian fretting contact—M.T. Hanson, L.M. Kerr
and T.N. Farris

On the performance of finite journal bearings lubricated with micropolar fluids
—M.M. Khonsari and D.E. Brewe

Active magnetic control of oscillatory axial shaft vibration in ship shaft transmis-

sion systems part [ : System natural frequencies and laboratory scale model
—David W. Lewis, Paul E. Allare and Peter W. Thomas

Active magnetic control of oscillatory axial shaft vibrations in ship shaft Transmis-

sion systems part 2 : Control analysis and response of experimental system
—David W. Lewis, Robert R Humphris and Petter W. Thomas

Dynamic performance of the stepped hydrostatic circumferential gas seal
—A. Lipschitz

The use of spiral groove gas bearings in a 350000 rpm cryogenic expander
—A.K. Molyneaux and M. Leonhard

Simulation of head-disk collisions in magnetic recording—V. Ponnaganti,
T.R. Kane and J.W. White

Diagnosis of deterioration of lithium greases used in rolling-element bearings by
X-ray diffractometry—Har Prashad

Performance characteristics of an ungrooved big-end bearing with misalignment
—D.V. Singh, R. Sinhasan and Roshan Pal

Numerical prediction of cavitation in non-circular journal bearings
—Kumar Vaidynathan and Theo G. Keith Jr.

Friction measured with a surface forces apparatus—John Van Alsten and
Steve Granick

Dynamic absorption in mixed lubrication—A.K. Van Helden, P.H. Vroegop
and J.J.M. Jongh

Development and evaluation of a cavitation algorithm—D. Vijayaraghavan
and T.G. Keith Ir.

Friction and wear characteristics of molybdenum dithiocarbamate and
molybdenum dithiophosphate—Yuji Yamamoto and Seigo Gondo
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Role of iron in the amorphization process in friction-induced phosphate glasses
—M. Belin, J.M. Martin and J.L. Mansot

The development of transfer films in ultra-high molecular weight polyethylene/
stainless steel oscillatory sliding—T.A. Blanchet and F.E. Kennedy

Determination of the shear stresses of lubricants in elastohydrodynamic contacts
—P.M. Cann and H.A. Spike

Comparison of two finite difference methods for the numerical analysis of
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Tribological properties of alumina-boria-silicate fabric from 25°C to 850°C
—C. Della Corte
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Nitride and carbide coatings for high speed steel cutting tools—G. Fenske 339
Tribochemical mechanism of alumina with water—R.S. Gates, S.M. Hsu and
E.E. Klaus 357
Finite element analysis of the influence of kinematic hardening in two-dimensional,
repeated, rolling-sliding contact—G L. Ham, G.T, Hahn, C.A. Rubin and

V. Bhargava 311
Partical deformation and counterface damage when relatively soft particles are

squashed between hard anvil—J.C. Hamer, R.S. Sayles and E. loannides 281
Study on the dynamic response of compliant shell journal bearings

—S8.C. Jain, R. Sinhasan and S.C. Pilli 297
Estimate of surface temperatures during rolling contact—J.W. Kannel and

S.A. Barbar 305

Deformation and fracture of single-crystal and sintered polycrystalline silicone
carbide produced by cavitation—K. Miyoshi, S. Hattori, T. Okada

and D. Buckley 380
Microcomputer simulation of lubricant degradation in turbine engines using

laboratory data—F.D. Price and P.W. Centers 405
Boundary lubrication of undulated metal surfaces at elevated temperatures

—N. Saka, H. Tian and N. Sun 389
Matrix method for computing the stiffness and damping coefficients of multi-arc

journal bearings—L. Shang and 1.K. Dien 396
Boundary lubrication studies on titanium surfaces—H. Tian, N. Saka

and N.P. Suh 289
A clearance sensing restrictor for hydrostatic bearings—M.R. Vaughn and

H.G. Rylander Jr. 317
Wear characteristics of an alumina-silicon carbide whisker composite at

temperatures to 800°C in air—C.S. Yust and L.F. Allard 331
An analysis and computational procedure for EHL film thickness, friction

and flash temperature in line and point contacts—D. Zhu, and H.S. Cheng 364
JOURNAL OF TRIBOLOGY Vol. 111 No. 2 April 1989
An efficient, robust, multi-level computational algorithm for

elastohydrodynamic lubrication—L. Chang, T.F. Conry and C. Cusano 193
Gyroscopic and support effects on the steady-state response of a noncontacting

flexibly mounted rotor mechanical face seal—1. Green 200
Geometric effects on eddy current bearing performance—J.A. Tichy and

K.A. Connor 209
Analysis of misaligned journal bearings operating in tubulent regime— Z.S. Safar,

M.M. Elkotb and D.M. Mokhtar 215
Roughness-induced shear-and squeeze-film effects in magnetic recording—Part I :

analysis—Bharat Bhushan and Kristian Tender 220
Roughness-induced shear and squeeze-film effects in magnetic recording—

Part II : applications—Bharat Bhushan and Kristian Tender 228
A computerized expert system for tribological failure diagnosis—T.E. Tallian 238

11



Simple formulas for performance parameters used in elastohydrodynamically
lubricated line contacts —Ping Pan and B.J. Hamrock

The experimental determination of squeeze-film dynamic coefficients using
the state variable filter method of parametric identification—J. Ellis, J.B.
Roberts and M.D. Ramll

The relation between the friction of lubricated rough surfaces and apparent
normal pressure—P. Lacey, A.A. Torrance and J. A. Fitzpatrick

Hybrid journal bearings : theoretical and experimental results— B. Bou-Sald
and J.P. Chaomloffel

Friction-induced thermo-mechanical cracking in a coated medium with a
near surface cavity—T.Y. Chen and F, D. Ju

On the dynamics of a tapered roller bearing— Pradeep K. Gupta

Thermally induced seizures of journal bearings— K.F. Dufrane and
J.W. Kannel

Annular honeycomb seals : test results for leakage and rotordynamic
coefficients; comparisons to labyrinth and smooth configurations—D. Childs,
D. Elrod and K. Hale

The solution of the Elrod algorithm for a dynamically loaded journal bearing
using multigrid techniques—C.M. Woods and D.E. Brewe

Elasto-plastic finite element analysis of two-dimensional rolling and sliding
contact deformation of bearing steel—A.M. Kumar, G.E. Hahn, V. Bhargava
and C. Rubin

Friction-induced thermal influences in elastic contact between spherical asperities
—Bond-Yen Ting and W.0O. Winer

A double scale analysis approach of the Reynolds roughness comments and
applications to the journal bearing—G. Bayade and J.B. Faure

Practical limits to the performance of magnetic bearings: peak force, slew rate
and displacement sensitivity—E, Maslen, P. Hermann, M. Scott and
R.R. Humphris

An entrance region friction factor model applied to annual seal analysis: theory
versus experiment for smooth and honeycomb seals— D. Elrod, C. Nelson
and D. Childs

Effects of lubrication rheology and kinematic conditions on micro-
elastohydrodynamic lubrication— L. Chang, C. Cusano and T.F. Cony

The steady state characteristics of a hydrostatic thrust bearing with a floating
disk—M. Harade and J, Tsuka Beki

A special approach to the analysis of rough surfaces—H. Moalic, J.A, Fizlpatrick
and A.A. Torranes
Influence of elastic deformations of turbogenerator tilting pad bearings on the

static behaviour and on the dynamic coefficients on different dersigns
—D. Brugier and T. Pascal

Static and dynamic characteristics of turbulent annular eccentric seals : effects of
convergent tapered geometry and variable fluid properties—F.S, Simon and
J. Prene

L2

246

260

265

270
278

288

293

302

331

337

344

352

359

364

378



’tt,' *

Vol. 111, No. 3, July 198

Dry friction of silicon nitride against metals : The effect of humidity and
oxide films—K. Demizu, H. Ishigaki and R. Wadabayashi

The effects of fluid inertia forces on the static characteristics of sector-shaped
high-speed thrust bearings in turbulent flow regime—H. Hashimoto

A numerical analysis for the transient EHL process of a cam-tappet pair in I.C.
engine—Ai Xiaolan and Yu Haiging

On dynamic gear tooth loading due to coupled torsional-lateral vibrations in a
geared rotor-hydrodynamic bearing system—B. Kishor and S.K. Gupta

Theoretical condition for the Cxy=Cyx relation in fluid film journal bearings
—T. Kato and Y. Hori

Elastic-plastic finite element analysis of indented layered media—K. Komvopoulos

A theory of liquid-solid lubrication in elastohydrodynamic regime
M.M. Khonsari, S.H. Wang and Y.L. Qi

Fully developed sliding of rough surfaces—C. Liu and B. Paul

Role of mechanical properties and surface texture in the real area of contact
of magnetic rigid disks—B. Bhushan and M.F. Doerner

An analysis of the steady state and dynamic characteristics of a spherical
hydrodynamic journal bearing—P.S. Leung, I.A. Craighead, and
T.S. Wilkinsor

An analytical model for dynamic wear—Ji-Yi Lin and H.S. Cheng
Basic equations for fluid films with varible properties
—J.F. Booker

Static characteristics of the regular and reversible rotation type herringbone
grooved journal bearing

—Nobuyoshi Kawabata, Yasumi Ozawa, Shuji Kamaya, and Yutaka Miyake
Modelling friction under complex motion conditions—T.A. Stolarski

Averaged Reynold equations extended to gas lubrication possessing surface
roughness in the slip flow regime : approximate method and confirmation
experiments—Y. Mitsuya, T. Ohkubo and H. Ota

A fundamental tribological study of Ti/Al;0; contact in sliding wear
—H. Hong and W.O. Winer

Thermohydrodynamic performance of thrust bearings with circular tilted
pads under the presence of air gas bubbles and centirifugal forces
—L.A. Abdel-Latif, E.M., Bakr, and M.I. Ghobrial

A flexible rectangular plate on an elastic layer : large area contact
—J.P. Dempsey and Hui Li

Some aspects of determining the flow factors—Hu Yuanzhong and
Zheng Lingping

Effects of lubricant oil film thickness on seizure initiation in cold extrusion
of aluminium—T. Nakamura

Thermomechanical behaviour of multilayered media : theory
—J.M. Leroy, A. Floquet and B. Villechaise

13

401

406

413

418

426
430

440
445

452

459
468

475

484

484

491

495

504

310

518

525

532

538



Calculation of rotordynamic coefficients and leakage for annular gas seals by
means of finite difference techniques—R. Nordmann, F.J. Dietzen

and H.P. Weiser 545
ETects of end relief for arbitrarily self-acting gas bearings

—T. Czyzewski and T. Titus 553
Viscoelastic effects in the performance of dynamically loaded, short journal

bearings—A. Harnoy and S.8. Sood 555
Wear of the housing in the induction motor by ball bearing outer ring rotation

—K. Hasuike 556
Discussion on previously published papers 571
LUBRICATION ENGINEERING (LE) Vol. 46, No. 4, April, 1989
Biocide usage in metalworking fluids : the effect of treatment patterns on

efficacy—by Jonathan Leder and Michael R. Russo 74 i
The composition and structure of the surface film formed on aluminum foil mill

rolls—by J.A. Treverton 223
High-temperature, unbalanced, dry contact face seal, interfacial phenomenon, and

design considerations—by Hooshang Heshmat Wilbur-Shapiro 235

Vol. 45, No. 5, May, 1989

Performance of rotating high duty nuclear seals—by Ehrhard Mayer 275
Development of a 9 inch (228mm) nuclear primary coolant seal—by J.A. Marsi 311
The design and testing of a wavy-tilt dam mechanical face seal—by L.A. Young

and A.O. Lebeck 322

TECHNICAL BRIEF

The need for applications of new coating technologies and treatments for tribological
applications : A challenge of the 90°s for the Indian Industry. —Dr. P.C. Nautiyal

In the last decade, a number of new technologies have emerged word wide for the
modification of surface properties that offer considerable flexibility and process econo-
mies for tribological control. They rely on the deposition of a wide range of soft and hard
compounds as well as metals. The real advantage offered by these new technologies
is that they allow close control of coating thickness and composition not available in
most standard treatments. They permit combinations of coatings, for example, a soft
overlay on a hard coat, in such a manner that no further finishing of the tribo-element is
necessary. These processes include pyrolytic decomposition, chemical vapour deposition,
physical vapour deposition, reactive evaporation, ion plating, sputtering, ion implanta-
tion etc.

Friction and wear problems are severe in metal working as high unit normal loads
and boundary lubrication are encountered. Tribo-chemical and tribomechanical
reactions are restricted to the surface, and therefore, better tool performance can be
achieved if it is converted or a surface layer is deposited to provide the requisite hard-
ness and temperature resistance. This is dictated by considerations such as good bond-
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ing, absence of harmful residual stresses, and matched thermal expansion. Coated
carbide cutting tools have been in use now for about 15 years and they are very well
accepted for industrial metal cutting operation. It is estimated that more than 40% of
carbide cutting tools used in the U.S. are coated and this number will increase to about
60-70% (T.E. Hale, Proc. Tech. Conf., Chicago, Ill., U.S.A., Sep. 1982), the reason being
their excellent combination of abrasive wear resistance, high chemical stability, freer chip
flow resulting in reduction in required horse power and relative ease of manufacture.

The first measurements of the effect of ion implantation on wear were undertaken
by Hartley (Inst. Phys. Ser. 28, 1976, 210) who showed that the wear parameters of a 37,
Cr nitriding steel, of a 17% Cr stainless steel and of mild steel were significantly improved
by implantation. Since this early work, considerable research in both Great Britain
(Dearnaley, Thin Solid Films, 54, 1978, 215) and the U.S.A. (Hirroven, J. Vac. Sci
Technol., 15, 1978, 1662) has confirmed that the wear resistance of ferrous materials
can be greatly improved by ion implantation. The life of steel tools and dies can be
economically increased by factors of 3-10 (Dearnaley, lon Implantation Metallugy.
American Institute of Metallurgical Engineers, New York, 1980, pl). It is of great impor-
tance to the tool/drilling engineers that extended tool life is not the most significant
benefit of TiN, TiC treated tools but the fact that higher feed rates can be achieved with
greater success which has a direct bearing on the level of productivity and an inverse
relationship to the cost of drilling the hole.

If maximum benefits are to be realised for a particular coating/substrate system, it is
of fundamental importance that the inter relationship between the coating microstructure
and its properties are understood. By reference to work on physical vapour deposited coat-
ings, such interrelation-ships are explored (D.S. Rickerby and S.J. Bull, 16th Intn. Conf.
Metallurgical Coatings, San Diego, Ca., April, 1989) and the importance of the coating
microstructure in dictating many of the physical properties of the coating eg. hardness,
adhesion, levels of internal stress, composition etc. are highlighted. Mathews and Sand-
quist (Proc. Intn. Jon. Engg. Congress, ISIDT'83, Kyoto, Japan, Ed. T. Takagi) using a
Pin-on-disc wear test have shown that TiN coatings which have a strong (200) orientation
are more wear resistant than a corresponding film with a (111) orientatation and the same
hardness.

A comparative assessment of different type of coatings has been dealt with to some
extent by Habig (Trib. Int. April, 1989, Vol 22, No. 2) whereas Quinto and co-workers
(J. Vac. Sci. Technol., A6, 1988, 2149; Mat. Sci. and Engg. A 105/106, 1988, 443) have
compared the structure/property relationship for CVD and PVD coatings in metal cutting
applications as a function of coating process parameters. There is no simple scheme for
producing a film with the complete range of desired properties as often these are interre-
lated and the properties of the film after deposition are a complex function of the film
microstructure, the substrate material and geometry and the physics of the deposition
process. In general, there is a trade off between important properties and thus these
have to be optimised for a given application and lubricant system. A word of caution
is that the effects of changing the surface composition can not be considered in isolation
but must be dealt with as an integral part of the tribosystem (Schey, J.A., Tribology in
Metalworking : Friction, Lubrication and Wear, ASM, Metals Park, O.H., 1983; Nautiyal
P.C. and Schey, J.A., Proc, Nat. Conf. Ind. Trib., Trivandrum, India 1989). There is the
possibility that a coated surface may interfere with or prevent rather than promote the
adsorption/reaction processes necessary for the functioning of boundary and EP additives.
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There is some evidence of this scattered in the literature. For example, Sioshansi and
Au (Mater. Sci. Eng. 1985, 69, 161-166) found higher friction but reduced wear in
lubricated sliding of 4140 and 06 steel against Ti plus C implanted 52100 steel. Gabriel
etal (Proc. 4th Eurotrib, Elsevier, London, 1985, Vol. 1) reported that an jon-plated Ti N
surface reduced the wear of a non-plated countersurface when a neat mineral oil was used
but actually increased wear when an EP agent (Zn DTP) was added to the lubricant. In
the work of Tan etal (Proc. 5th Eurotrib, Espoo, Finland, 1989, Vol. 2, 378-83), the
scuffing resistance of steel balls increased with a S additive on a CVD TiN coating, yet a
P additive was more effective on a bare steel surface. It is, therefore, important to
determine which coating properties dictate its behaviour inany application if an
appropriate coating for that application is to be produced.

Results from laboratory wear and friction tests can given some indication of the
operating mechanisms that might be found in in-service condition and those properties
which are important for a particular mechanism/application can be identified. The

-kféuestion is whether the industry is ‘ready’ to explore the immense potential offered by the
\;%rface Modification Technology for improving tribological performance ? The presen-

“ytation is necessarily brief and fuller details may be found in the literature cited or from
jftl;&e author.
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