
11th International Research/Expert Conference 
“Trends in the Development of Machinery and Associated Technology” 

TMT 2007, Hammamet, Tunisia, 05-09 September, 2007. 
 
 

ELASTOHYRODYNAMIC LUBRICANT FILM FORMING OF 
DIFFERENT BEARINGS 

 
 

İlknur Keskin 
Meral Bayraktar 
Oktay Azeloğlu 

 
Yildiz Technical University, 

Department of Mechanical Engineering 
34349 Besiktas, Istanbul, TURKIYE 

 
ABSTRACT 
The formation of the lubricant film between the mating bearing surfaces is called the 
elastohydrodynamic (EHD) mechanism of lubrication. The two major considerations in EHD 
lubrication are the elastic deformation of the contacting bodies under load and the hydrodynamic 
effects forcing the lubricant to separate the contacting surfaces while the pressure of the load is 
deforming them.The lubricant film thickness between two contact surfaces can be related to bearing 
performance. The thickness of the generated film depends on operating conditions such as velocity, 
load, lubricant viscosity and the relationship of pressure to viscosity.Analytical relationships have 
been developed for calculating minimum and average film thickness for successful bearing 
performance. 
In this study  film thicknesses of two different bearing under the same condition is investigated. 
Keywords: Elastohydrodynamic lubrication, film thickness, angular contact ball bearing, spherical 
roller bearing 
 
1. THE GEOMETRIES OF SPHERICAL ROLLER AND ANGULAR CONTACT 

BEARINGS 
 

   
Figure 1. The geometries of spherical roller and angular contact bearings respectively [4,5,8]. 
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Figure 2. The equivalent curvatures between the inner ring and roller and the outer ring and roller 
for spherical roller bearing [5]. 
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Figure 3. The equivalent curvatures between the inner ring and ball for angular contact ball  bearing. 
 

 

RA=rax 

 

z 

y 

x 

xz düzleminde yz düzleminde 

rby 

ray

rbx
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. The equivalent curvatures between the outer ring and ball  for angular contact ball bearing. 
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2. ELASTOHYDRODYNAMIC LUBRICATION THEORY  
There are four kinds of lubrication regimes (izoviscos-rigid, piezoviscos-rigid, izoviscos-elastic and 
piezoviscos-elastic) at elliptic contacts [6]. In this approach elastic-piezoviscous regime has been 
used. (  ,    ) 0≠Eg 0≠Vg
Elastic-Piezoviscous Regime: This is the regime of hard EHL. The elastic deformation of the surfaces 
can be orders of magnitude larger than the thickness of the film and the lubricant viscosity   can be 
orders of magnitude higher than its bulk value Hamrock and Dowson [7]. The related equations are 
mentioned below: 
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Film thickness parameter: 
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Load parameter: 
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Materials parameter: 
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  Table 1.Film thicknesses of two different bearing . 
  

Film Thickness 

For Angular Contact Ball 

Bearing       ( minmin .HRh x= ) 

For Spherical Roller Bearing 
( minmin .HRh x= ) 
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3. RESULTS 
In this study the geometry and EHL film thickness of two different bearings have been compared. 
Film thickness decreases appurtenant to load and increase to viscosity for two different bearing. 
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Figure 5. Relation between film thickness and load.  Figure 6.  Relation between  film thickness and 

viscosity 
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