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Rolling contact fatigue test was performed on a flat washer with artificial dents made by laser machining. 
Numerical simulations indicate that the lubricant entrapped inside the dents can be pressurized under rolling 
contact. The hydraulic pressure of the entrapped lubricant can result in significant tensile stress at the corner of 
the dents that may cause crack initiation and initial crack propagation. This mechanism is confirmed by cross-
sectional observation on the tested sample. It also shows that these cracks are arrested in bearing steel when the 
depth of the dents is much shallower than that of the maximum orthogonal shear stress.   
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1. Introduction 

Dents on raceway surface is one of the most common 
early-stage failure in rolling bearings. Most of the dents 
caused by imprints of the contamination particles have 
raised shoulders around the edge of the indents. The 
shoulders on one hand introduce stress concentration and 
on the other hand cause local lubrication film collapse, 
both mechanism leading to increased risk of spalling [1]. 
There has been experiments showing no significant 
bearing lifetime reduction when the raised shoulder 
around the indents were removed, which can happen in 
real applications due to polishing wear. Some surface 
dents also appear in rolling bearings, which do not have 
a raised edge by their nature, e.g. corrosion pits. A model 
was recently developed to describe the failure 
development from the surface dents without raised edge 
due to pressurization of entrapped lubricant and was 
validated by tests of ceramic material [2]. The same 
approach is used in the current study on bearing steels. 

2. Methods 

2.1. Experimental Procedures 

The rolling contact fatigue test was run on the flat washer 
sample with a thrust ball bearing counterpart. A pre-run 
was carried out to make visible race track. Dents with 
near cylindrical shape and of different sizes were 
produced within the track by using femtosecond laser. 
The rolling contact fatigue test was then continued on the 
dented flat washer at 3 GPa Hertzian contact pressure for 
280 million stress cycles. Post-test characterization was 
carried out using optical and scanning electron 
microscopy. 

2.2. Numerical Simulation 

Finite element analysis is conducted to study the effect of 
lubricants that may be entrapped and pressurized inside 
the cavity on the propagation of surface-breaking cracks 
under lubricated rolling contact conditions.  

2.3. Results  
The arrested cracks generated at the bottom of the dents 
after test are shown in Fig. 1. 
  
 

 
Figure 1: Optical micrograph on the cross-section of a 

dent (Ф200 X 50 µm) on a flat washer sample after 

rolling contact fatigue test. 

 

3. Discussion 

It is proved that cracks can be generated at the bottom of 
the artificial dents under the influence of the stress field 
introduced by hydraulic pressure of entrapped lubricant 
in the dents. However unlike in ceramic material, no spall 
was evolved after the rolling contact fatigue test. All the 
observed cracks seem to be arrested. It is worth 
mentioning that there is no rehardening or tempering on 
the surrounding material of the dent made by the 
femtosecond laser. Also normal material properties of 
bearing steel were used for the simulation. Thus the 
current case studied can represent the indent with raised 
shoulder polished away during over-rolling in real 
applications. When the material surrounding the dents is 
degraded in case of corrosion pits, it is likely that the 
initiated cracks will propagate. There is another 
mechanism that may induce the propagation of the crack. 
When the depth of the surface dent increases to a certain 
level, maximum shear stress from rolling contact can 
induce the crack propagation in a sliding mode. Both 
mechanisms can be modelled in the simulation. 
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