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For some special case applications, stainless steel bearings can be applicable with reduced contact pressures. 
To enhance the tribological properties, the hardness and residual stress state of such bearings can be improved 
by cold forming. Previous studies have shown a significant enhancement in the bearing fatigue life due to the 
introduction of subsurface stresses. In order to calculate the bearing fatigue life, a three dimensional finite ele-
ment model was developed. Based on the simulations output, the bearings fatigue life is determined based on 
the approach of Ioannides, Bergling and Gabelli. The method, which is based on a model by Lundberg and 
Palmgren, puts a material dependent stress fatigue limit τu into relation with a fatigue stress criterion τi. In our 
case, the Dang Van damage criterion is used. This numerical study deals with the enhancement for angular 
contact ball bearings by forming induced residual stresses. 
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1. Introduction 

Bearings made of stainless steel feature improved re-
sistance against corrosion but suffer from reduced load-
ing capability. Therefore, it would be beneficial to pre-
condition the surface to improve bearing life expectancy. 
This can be done by e.g. forging. During cold forming of 
metastable austenitic steels, an additional strength-in-
creasing phase transformation occurs. In addition to work 
hardening, which occurs under externally induced 
stresses and strains. Most stainless austenitic CrNi steels 
with approx. 18 mass% Cr and 10 mass% Ni are metasta-
ble austenitic in the non-deformed state. During forming, 
a partial transformation of the face centered cubic (kfz) 
phase of the austenite into a body centered cubic (krz) 
martensitic phase can occur [1]. 
The influence of the load-induced stresses on the bearing 
sub-surface has to be regarded. In this study, the influence 
of additional residual stresses on an angular contact ball 
bearing (type 7206) is investigated. In previous work the 
influence of residual stresses for cylindrical roller bear-
ings was investigated utilizing a numerical approach and 
proven by experiments [2]. 

2. Methods 

To calculate the bearing fatigue life, a FE model of a bear-
ing inner ring segment was set up in order to achieve the 
resulting three-dimensional stress field. These stresses 
are mainly caused by the load stresses, spinning motion 
of the ball and residual stresses. The input variables to the 
model are (a) the external load (transformed into a Hertz-
ian pressure distribution at the surface), (b) the spinning 
moment caused by the movement of the ball on the race-
way, and (c) a residual stress depth profile. These loads 
are defined as initial stresses in the model. The resulting 
stresses find input in a bearing fatigue life model. One 
result of the calculation are the orthogonal shear stresses 
beneath the surface. The resulting stress field is required 
for the fatigue life model of Ioannides, Bergling and Ga-
belli [3]. 

 

 
 

Fig. 1. Simulation of the ball/raceway contact via FEM 

3. Discussion 

The presented findings help to optimize stainless steel 
bearings for special applications with enhanced sub-sur-
face properties. In this certain approach the influence of 
the martensite content and resulting residual stress state 
was investigated. It could be shown, that for the certain 
type of bearing the fatigue life can be improved. In a next 
step bench tests will be executed to validate our resume. 
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