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Surface induced rolling contact fatigue is an important cause of rolling element bearing failures. It comprises several 

mechanisms which partly compete with each other. In this paper, the consequences of surface damages caused by 

impacts during production are studied by means of experiments with full size bearings and simulations. 
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There are several mechanisms promoting surface 

induced fatigue in rolling element bearings [1]. 

Frequently, operation in the mixed lubrication regime 

cannot be avoided. Depending on operating parameters 

and lubricant properties, this will accelerate 

macroscopic pitting formation of or trigger micro pitting 

formation, also known as grey staining. In this case, the 

initiation of fatigue cracks comes from the stochastic 

roughness structure originating from the production 

process. Besides, there may be local surface 

modifications by rolled over particles as well as abrasion 

marks or impact marks produced during assembly or 

during the production process which are already present 

before first operation [2]. They are accompanied by 

local plastic deformations which alter the geometry 

(indents and protrusions in their vicinity), local residual 

stresses and strain hardening. In combination, these 

effects lead to additional stresses and impact the fatigue 

resistance of the metal structure, increasing the risk of 

fatigue crack formation. In the case of particles, the 

severity of initial damage depends on film thickness as 

they enter the contact during operation. Also, particles 

are altered while passing through a rolling contact. 

Damages occurring during production, assembly or 

mounting happen without presence of a lubricant film 

and they may subsequently be altered by rolling contact 

during operation. For small size bearings, the 

protrusions may well exceed film thickness substantially 

such that there is no beneficial effect of lubricant film. 

In other cases, there is mixed lubrication occurring in 

operation such that there is an increased risk of surface 

induced fatigue anyhow which competes with the effect 

of local damages. The sheer number of roughness peaks 

and the large affected volume may outweigh the risk 

posed by one or a few impact induced local indentations. 

When considering full lubrication, medium and large 

size bearings possess a larger stressed volume, greater 

roughness and thicker lubricant films. Thereby, the 

additional fatigue risk posed by impact damages of the 

same size may also be substantially reduced in relation. 

Whereas the effect of rolled over particles has been 

intensively studied in the past, the role of production 

induced impact damages is still subject to debate. In the 

research reported here, impact marks were 

experimentally produced under extremely well 

controlled conditions with a specially developed device. 

The geometry and the residual stress state were carefully 

monitored as a function of subsequent roller passages. 

Then, a large number of endurance tests with cylindrical 

roller bearings were performed with and without 

impacts at full and mixed lubrication. The experiments 

and measurements were supported by transient Finite 

Element simulations encompassing the impact based on 

the Johnson-Cook-material model [3] as well as 

subsequent roller passages. Thereby, the geometrical 

alterations as well the alteration of the residual stress 

state could be studied in more detail. Based on the 

combinations of residual stresses and load stresses 

induced by the modified geometry while considering the 

whole stressed volume of the bearings it was attempted 

to assess the fatigue risk, based on the approach of 

Ioannides and Harris and a modified Dang Van criterion 

[4]. In despite of the complexity of the problem, the 

effects determined by experiments could be confirmed 

by simulation. Therefore, it shall be possible to predict 

the effects of production induced indentations for other 

bearing types and sizes and for arbitrary impact 

intensities by means of the established simulation 

procedure. As a major conclusion, in pronounced mixed 

lubrication, the additional risk of surface induced 

damage posed by single impact damages is negligible. 
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