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ABSTRACT – A numerical model based on finite 

element method has been developed for the study of 

elastohydrodynamic lubrication (EHL) under zero 

entrainment velocity conditions. A slip length model is 

adopted to describe the boundary slippage effect at the 

solid-lubricant interface. Comparison of the numerical 

and experimental results shows that slip length model 

could be used for the prediction of EHL under zero 

entrainment velocity conditions.   

 

1. INTRODUCTION 

Lubrication of the retainerless rolling element 

bearings could hardly be formed due to the zero 

entrainment velocity (ZEV) condition at the contact of 

the neighboring rolling elements [1]. The current practice 

relies on boundary lubrication. Early studies, e.g. [2], 

proved that EHL can be generated at ZEV contacts by the 

thermal wedge mechanism [3]. However, the bearing 

needs to run at relatively high speeds to facilitate the 

thermal effect. For cases of slow or moderate speeds, the 

concept of boundary slippage has been proposed to deal 

with such a problem. Fig. 1 shows the interferograms of 

EHL contact between a steel ball and an oleophobic-

treated glass disc running at ZEV conditions. The 

formation of effective EHL films at ZEV, as illustrated in 

Fig. 1, was attributed to the difference in the two solid 

boundaries: steel (oleophilic) and treated-glass disc 

(oleophobic) such that the lubricant slips on the 

oleophobic glass surface but not the steel surface [1]. 

Numerical explanation of such experimental results is 

called for to theoretically understand the film formation 

mechanism under ZEV conditions. A numerical model is 

implemented by finite element method (FEM) for EHL 

simulation under ZEV conditions. 

 

  
(a) (b) 

Figure 1 Interference images under ZEV conditions: 

(a) ±150 mm/s; (b) ±100 mm/s. (Lubricant: PAO 100, 

Load: 0.38 GPa). 

 

2.  SIMULATION MODEL 

A slip length model [4] is used to characterize the 

boundary slippage behavior at the solid-lubricant 

interface. Equation 1 is the derived Reynolds equation for 

describing the boundary slippage induced lubrication 

scheme under ZEV conditions.  

( )cxpypx HQ
X

Q
Y

PH

Y
Q

X

PH

X
rl

m

r

m

r
¶

¶
=

ïî

ï
í
ì

ïþ

ï
ý
ü

¶

¶

¶

¶
+

ïî

ï
í
ì

ïþ

ï
ý
ü

¶

¶

¶

¶ 33

 (1) 

Where 

( )( )
2

23
-

+

+
=

x

x

px
BH

HBH

H
Q   and 

( )( )
2

23
-

+

+
=

y

y

py
BH

HBH

H
Q  

are the Poiseuille flow rate correctors, 
x

x

cx
BH

B
Q

+

-
=  is 

the Couette flow rate corrector, and Bi (i = x, y) is the 

dimensionless slip length. Equation 1 is coupled with 

elastic deformation of the contacting solids to build a 

fully coupled EHL model. FEM, also referred to as full 

system approach [5], is used to solve the model in a fully 

coupled manner. A penalty term is added to the modified 

Reynolds equation to avoid the occurrence of negative 

pressure. Stabilization techniques, such as Galerkin least 

square [6] and isotropic diffusion [7], are used to stabilize 

the pressure and film thickness distribution.    

 

3. RESULTS AND DISCUSSION 

To prove the effectiveness of the newly developed 

FEM EHL model, simulated results under pure rolling 

with non-slip boundary conditions are compared with 

those calculated using the conventional multigrid (MG) 

method.  

Figure 2 illustrates the film thickness calculated at 

various velocities by the current FEM EHL method and 

MG technique. The good correlation of the two, as shown 

in Figure 2, proves that the current FEM model is valid 

to be used in the following ZEV EHL simulations.  

Figure 3 presents a typical film thickness 

distribution under ZEV condition.  A horseshoe shape 

film contour indicates that EHL has been formed under 

such a working condition. 
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Figure 2 EHL at pure rolling conditions: Comparison 

between FEM and MG. 

 

 
Figure 3 Film thickness distribution under ZEV 

condition. (Load: 0.36 GPa, Velocity: ±0.5 m/s). 

 

Figure 4 is the comparison of the experimental 

results and simulations under different slip lengths. It 

could be seen that when the slip length reaches about 0.05, 

the simulation results could match with experimental 

results well. However, the prediction of minimum film 

thickness deviates from the experimental results which 

may be due to the absence of the consideration of thermal 

effects. 

 

 
Figure 4 Simulation results and experimental results. 

on the film profile. 

4.   SUMMARY 

A fully coupled FEM model for the prediction of 

EHL under ZEV conditions has been developed, and it is 

verified by good correlation of its results and those 

obtained under the same conditions using the 

conventional multigrid technique. The fully coupled 

FEM model is used in boundary slippage induced ZEV 

EHL. Solution of a modified Reynolds equation has 

predicted the occurrence of EHL under ZEV conditions. 

Different slip lengths have been evaluated. Based on the 

comparison of experimental results, the slip length is 

about 0.05 for the specified experimental conditions. 

 

NOMENCLATURE 

r  Dimensionless density 0rrr =  

m  Dimensionless viscosity 0mmm =  

H Dimensionless film thickness H=h/(a2/R) 

a Half Hertzian contact width 

R Radius of  the ball in point contact 

P Dimensionless pressure P=p/ph 

ph Hertzian pressure 

Bi,j 

 

Dimensionless slip length (i = 1, 2, j = x, y), 

Bi,j = bi,j/(a2/R) 

bi,j 

 

Slip length on surface i with the direction of j 

(i = 1, 2, j = x, y) 
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