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ABSTRACT 

 

 

 

 

The issue of failure in elastohydrodynamic has been investigated by many 

researches. In this study, numerical approached is used to determine the 

deformation of the disc and its effect to the pressure distribution. Two numerical 

software were used is sequential manner. The shear stress on the disc was also 

found to shift closer to the inlet as the disc deforms, where pressure was observed 

to be fluctuating in the contact area. 
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ABSTRAK 

 

 

 

 

Isu kegagalan pada pelincir elastohydrodynamic telah dikaji selidik dengan 

beberapa kajian. Dalam kajian ini, pendekatan penggunaan perisian komputer 

telah diguna pakai untuk mengenal pasti perubahan pada permukaan cakera dan 

kesannya terhadap faktor tekanan. Dua perisian telah digunakan secara rangkaian 

rentetan. Hasil kajian menunjukkan kesan tekanan pada permukaan dan 

berlakunya perubahan pada permukaan. Tegasan ricih juga didapati berubah ke 

kawasan berhampiran kawasan masuk, di mana tekanan juga mengalami turun 

naik di kawasan permukaan cakera tersebut. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background 

 

 

The purpose of this chapter is to review the elastohydrodynamic lubrication 

(EHL) throughout twentieth century, to draw attention to topics currently under 

investigation and finally to consider future its direction. The foundations of fluids-

film lubrication theory were established by Osborne Reynolds in 1886, following 

earlier experimental work on railway axle bearing by Petrov and Tower, 1883. Plain 

bearing technology developed rapidly in subsequent years, but attempts to explain 

the effective lubrication of highly stressed counter-formal conjunction, such as those 

in gears, on the basis of hydrodynamic principles alone remained ineffective 

throughout most of the first half of the twentieth century. It was recognized that the 

very high pressures associated with such counter-formal conjunctions would enhance 

the lubricant viscosity and also causes substantial local elastic deformation and that 

both effects might contribute to satisfactory film deformation. When such effects 

were individually incorporated into the analysis by various investigators ( see an 

account of these contributions in reference [1]), both indeed resulted in predictions of 

enhanced film thickness, but, when considered alone, neither was found to lead to 

values sufficiently large to be consistent with the experimentally recognized 

performance of gears. 
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The quandary was resolved in the middle of the twentieth century for nominal 

line contacts when the interactive effect of pressure upon both the viscosity and local 

elastic deformation was found to result in spectacular increases in the predicted film 

thicknesses in many lubricated, highly stressed machine elements. The subject 

became known as ‘elastohydrodynamic lubrication and it has dominated advances in 

the field of fluid-film lubrication in the latter half of the twentieth century. Barwell [2] 

reflected this view in 1970 when he wrote ‘the elucidation of the mechanism of 

elastohydrodynamic lubrication may be regarded as the major event in the 

development of lubrication science since Reynolds ‘own paper’ . 

 

 

Film thickness equations were thus available in the 1980s for the analysis and 

design of any highly stressed, lubricated machine element, presenting either nominal 

line or point contact geometries. Emphasis was focused upon film thickness, since it 

was necessary to ensure adequate separation of the rolling/sliding machine elements 

if adequate durability was to be ensured. Most of the numerical solutions considered 

Newtonian fluids and isothermal conditions in those early years, with a few notable 

exceptions, and the observed agreement between theoretical predictions and 

experimental measurements of film thickness, recorded principally by electrical 

capacitance or optical interferometry techniques, made further refinement 

unnecessary. 

 

 

In recent years interest in power loss in tribological machine components and 

the overall performance and efficiency of machines has placed more attention on 

friction or traction in elastohydrodynamic conjunctions, rather than film thickness 

alone. Consideration of the influence of high shear rates on lubricant properties has 

led to the introduction of more realistic, non-Newtonian rheological models of the 

lubricant at all stages in its transit through the conjunction. Evidence of phase 

changes within the lubricant, with transition from fluid to glassy solid states, has also 

enlarged the scope of the analysis. It is now recognized that many 

elastohydrodynamic conjunctions operate with film thickness of nanometer rather 

than micrometer proportions. This has introduced further consideration of the 

influence of surface topography on the performance of realistic elastohydrodynamic 
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conjunctions. Furthermore, the thin film now considered call for the introduction into 

the model of surface films of molecular proportions under some circumstances. 

 

 

 
Figure 1.1: Lubricant film thickness and pressure distribution (source: Guillermo 

Morales Espejal, Tribology and lubrication, SKF Engineering research centre, 2006) 

 

 

Lubricant film thickness and pressure distribution play an important role 

towards the correlation of elastohydrodynamic and surface deformation. Figure 1.1 

show general ideas of lubricant film thickness and pressure distribution in an 

elastohydrodynamically lubricated contact. From the figure it shows that the large 

tail in the pressure at the inlet of the contact produces a resultant moment opposite to 

the rolling direction. 

 

 

Continuum mechanics has served to illuminate the essential operating 

characteristics of many elastohydrodynamic conjunctions, but current consideration 

of nanometer rather than micrometer thick elastohydrodynamic films is increasingly 

leading to a consideration of molecular models of the interactions between the 

lubricant and the solid boundaries. Approaches based upon molecular dynamics and 



55 

 

REFERENCES 

 

 

1) Dowson D. and Higginson, G.R.A numerical solution to the 

elastohydrodynamic problem. J.Mech Engng Sci., 1(1), 6-15, 1959. 

2) Barwell,F.T. The Founder of Modern Tribology (Ends D.M.  McDowell and 

J.D Jackson), (Manchester University Press), 1970. 

3) Ranger, A.P., Ettless, C.M.M and Cameron, A. The Solution of the point 

contact elastohydronamic problem. Problem. Proc. R. Soc, A346, 227-244, 

1975. 

4) Hamrock, B.J and Dowson, D. Isothermal elastohydrodynamic lubrication of 

point contacts, Part I-Theoritical formulation. Trans. F.J Tribology, 98(4), 

223-229. , 1976. 

5) Hamrock,B.J. and Dowson, D. Ball Bearing Lubrication. The 

Elastohhydrodynamics of Elliptical Contacts, (John Wiley, New York), 1981. 

6) Blok, H, and Koens, H.J. Inst., The Breathing film thickness between flexible 

seal and a reciprocating rod. Proc Mech Engrs, Elasthoydrodynamic 

Lubrications, 180(3B), 221-223, 1996. 

7) Dowson, D. and Jin, Z-W. An analysis of micro-elastohydrodynamic 

lubrication in synovial joints considering cyclic loading and entering 

velocities. In Fluid Film Lubrication-Osborne Reynolds Centenary (1986), 

Proceedings of the 13th Leeds-Lyon symposium on Tribology, 1987, 

(Elsevier-Amsterdam) pp. 375-386.    

8) Petrusevich, A.I., Kondnir, D.S.,Salukvadze, D.L. and Schwarzmam, V. The 

investigation of oil film thickness in lubricated ball-race rooling contact. 

Wear, 19,369-389, 1972. 

9) Dowson,D., Ruddy, B.L. and Economou, P.N. The elastohydrodynamic 

lubrication of piston rings. Proc.R.Soc.Land.A386, 409-430, 1983. 

10) Hooke, C.J. The minimum film thickness in line contacts during reversal 

entrainment. Trans. F, J. Tribology, 1993, 115,191-199. 

11) Hooke,C.J. The minimum film thickness in lubricated line contacts during a 

reversal of entrainment-general solution and the development of the design 

chart. Proc. Instn mech. Engrs, Part J, Journal of Engineering Tribology, 1994, 

208 (JI), 53-64. 



56 

 

12) Vichard,J.P. Transient effects in the lubrication of Hertziant contacts, Proc. 

Instn Mech. Engrs, Jounal of Mechanical Engineering Science, 1971, 13(3), 

173-189. 

13) Wang, K.I,. and Cheng, H.S.A numerical solution to the Dynamic load, film 

thickness, and surface temperature in spur gears, Part I-analysis. Trans. 

ASME, J. Mach. Des., 1981, 103, 1977-187. 

14) Wang, K.I,. and Cheng, H.S.A A numerical solution to the dynamic load, 

film thickness, and surface temperature in spur gears. Part II-results. Trans. 

ASME, J. Mach. Des., 1981, 103, 188-194 

15) Hua, D.Y., Zhang, H.H. and Zhan, S.I., Transient elastohydrodynamic 

lubrication of involutes spur gear. In proceedings of Japan International 

Tribology Conference, Nagoya, Japan, 1990, pp. 1641-1646  

16) Larsson, R. and Hoglund, E. transient non- Newtonian elastohydrodynamic 

lubrication analysis of an involute spur gear. In preceeding of 7th Nordic 

Symposium of Tribology, Nordtrib 96, Bergen, Norway, 1996. 

17) Bedewi, M.A., Dowson, D. and Taylor, C.M. Elastohydrodynamic lubrication 

of line contacts subjected to time dependent loading with particular reference 

to roller bearings and cams and follower. In Mechanisms and surface Distress, 

Proceedings 12th Leeds-Lyon Symposium on Tribology, pp. 289-304 

(Butterworths, London), 1986. 

18) Lee, R.-T. and Hamrock, B.J. Squeeze and entraining motion in 

nonconformal line contacts, Part II. Trans. ASME F,J. Tribology, 1989, 111, 

8-16. 

19) Yang, P. and Wen, S. The behavior of non- Newtonian thermal EHL films in 

line contacts at dynamic loads. Trans. ASME F.J. Tribology, 1992, 114, 81-

85  

20) Dowson, D., Harrisons, P. and Taylor, C.M. the lubricantion of automotive 

cams and followers. In mechanisms and Surface Distress, Proceedings of 11th 

Leeds-Lyon Symposioum on Tribology, pp. 305-322 (Butterworths, London) , 

1986. 

21) Dowson, D., Taylor, C.M and Zhu, G. A transient elastohydrodynamic 

lubrication analysis of a cam and followe. J.Phys.D,Appl.Phys.,Frontiers 

Tribology, 1992, 25(1a),A313-A320. 

22) Wijnant, Y.H. and Venner, C.H. analysis of an EHL circular contact 



57 

 

incorporating rolling element vibration. In Elastohydrodynamics ’ 96, 

Fundamentals and Application in Lubrication and Traction, Proceeding of 

23rd Leeds-Lynon Symposium, Leeds, pp. 445-456 , 1996. 

23) Hoglund, E. and Larsoon, R. Modelling non-steady EHL with focus on 

lubricant density.  In Elastohydrodynamics ’ 96 Fundamentals and 

Application in Lubrication and Traction, Proceedings of 23rd Leeds-Lyon 

Symposium, Leeds, pp 511-521, 1997. 

24) Dowson, D. The thinning film. J. Phys. D Appl. Phys., Frontiers Tribology, 

1992, 25, A334-A339. 

25) Dowson D. Current development in elastohydrodynamic lubrication. In 

Intelligent Motion-Control, Power-Transmission and Tribology, JSME 

Centennial Grand Congress, Tokyo, Japan, pp.1-6, 1997. 

26) Alsaad,M.,Bair S., Sanboran, D.M. and Winner, W.O. glass transitions in 

lubricants: its relation to EHD lubricats: its relation to EHD lubrication. Trans. 

ASME F,J. Lubric. Techno, 100, 404-417 l, 1978. 

27) Georges, J.-M., Millots, S.,Loubet, J.L., Tonck, A. and Mazuyer, D. 

Roughness and squeezed films at molecular level. In thin Films in Tribology, 

Proceedings of 19th Leeds- Lyon Symposium on Tribology, pp. 443-452, 

1993. 

28) Bair, S., Qureshi, F. and Winer, W. O. Observations of shear localization in 

liquid lubricants under pressure. Trans. ASME F,J. Tribology, 115, 507-514, 

1993. 

29) Israelachvili, J.M. Surface forces and Macrorheology of molecularly thin 

liquid films. Handbook of Micro/Nanotribology (Ed. B. Bhushan), Ch. 8, pp. 

267-319 (CRC Press, Boca Raton and London), 1995. 

30) Spikes, H.A. Mixed lubricantion-an overview. In proceedings of Symposium 

on Tribology-Solving Friction and Wear Problems, Esslingen, pp. 1713-1715, 

1996. 

31) Georges, J.-M. Some surface science aspects of tribology. In New Directions, 

in Tribology, First World Tribology Congress, Londo, pp. 67-82., September 

1997 

32) Bair, S and Winer, W.O.A rheological basis for concentrated contract friction. 

In proceedings of 20th Leeds-Lyon Symposium on Trbology. pp 47-44., 1994. 

33) Mazuyer, D., georges, J.M and Combou, B. Shear modulus of an amorphous 



58 

 

film with bubble soap raft model. In interface Dynamics, Proceedings of 14th 

Leeds-Lyon Symposium on Tribology, pp, 3-9, 1987. 

34) Thompson, P.A. and Troian, S.M. A general boundary condition for liquids 

flow at solid surface. Nature, 389, 360-362, 1997. 

35) Kaneta, M, Neccesity of reconstreuction of EHL theory. Jap. J. Tribology, 38, 

860-868, 1993. 

36) Kaneta, M., Nishikawa, H., Kanada, T. and Matsuda, K. Abnormal 

phenomena appearing in EHL, contacts. Trans ASME F,J. Tribology, 118, 

886-982, 1997. 

37) Ehret, P., Dowson, D. and Taylor, C.M. On lubricant transport conditions in 

elastohydrodynamic conjunctions. Proc.R.Soc.Lond.,1998, A454(1971),763-

787 

38) M. Kaneta, R. Kawashima, S. Masuda, H. Nishikawa, P. Yang, “ Thermal 

effects on the film thickness in elliptic EHL contacts with entrainment along 

the major contact axis” , ASME Journal of Tribology, (2002), 124, pp.420-

427. 

39) Meyer, D. “ Reynolds Equation for Spherical Bearings,”  Journal of Tribology 

Vol. 125 2003, pp. 203-206 

40) Pandazaras, C., Petropoulos, G., “ Formulating new Operational Charts for 

Hydrodynamically Lubricated Slider Journal Bearings,”  International 

Conference Power Transmissions, 2003. 

41) Torbjorn, A. “ Numerical Simulation of Elastohydrodynamic and 

hydrodynamic Lubrication Using the Navier-Stokes and Reynolds Equation, 

Lulea university of Technology, 2004  

42) O. Reynolds. On the theory of lubrication and its application to mr 

beauchamps tower experiments, including an experimental determination of 

the viscosity of olive oil. Philos Trans R Soc, 177:157-234, 1886. 

43) R. Larsson T. Almqvist. A comparison between computational fluid dynamic 

and Reynolds approaches for stimulating transient ehl contact. ASME 

Tribology International, 37:61-69, 2004. 

44) I. Krupka, M. Hartl, R. Poliscuk, J. Cermak, M. Liska, “ Experimental 

evaluation of EHD film shape and its comparison with numerical solution” , 

ASME Journal of Tribology, 122, pp. 689-696, 2000. 

45) C.Zhang, H.S.Cheng. “ Transient non-Newtonian thermohydrodynamic mixed 



59 

 

lubrication of dynamically loaded journal bearings” , ASME Journal of 

Tribology, 2000, 122, pp. 156-161. 

46) M. A. J. Holmes. Transient analysis of the point contact elastohydrodynamic 

lubrication problem using coupled solution methods. Ph. D. Thesis, Cardiff 

University, 2002. 

47) A.V. Olver, G. Guangteng, H.A. Spikes, “ Film thickness and pressure in 

micro-EHD contacts” . Thinning Films and Tribological Interfaces, 38, 503-

510, 2000. 

48) C.E. Goodyer, R. Fairlie, M. Berzins, L.E. Scales, “ An in-depth investigation 

of the multigrid approach to steady and transient EHL problems” , Thinning 

Films and Tribological Interfaces, 38, 95-102. 2000. 

49) Vicente J. de, Stokes, J.R. and Spikes, ‘Rolling and sliding friction in 

compliant, lubricated contact’ , H.A. Proc. I.Mech.E. Part J220, pp 55-63, 

2006. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




