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In the context of increasing demands for energy efficiency of rolling bearings, secondary contacts are gaining 
relevance. This demands for an accurate and efficient numerical design of the contacting bodies while 
considering realistic geometries, movement and lubrication conditions. Within this contribution, the 
elastohydrodynamically lubricated roller face/ring rib contact of a tapered roller bearing with axial loading was 
therefore optimized using numerical elastohydrodynamic contact simulation, meta-modeling and evolutionary 
algorithms. 
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1. Introduction 

In tapered roller bearings (TRB), high axial loads are also 
supported by the ring ribs. Thus, the elastohydro-
dynamically lubricated (EHL) contact between the 
rolling element face and the ring rib significantly affects 
overall friction and power losses. Therefore, the design 
and optimization of the contact geometries is decisive 
with respect to energy efficiency. Since analytical 
solutions of the contact situation, such as the HERTZian 
theory, do not adequately represent the actual geometries 
and lubricated conditions. Precise and computationally 
efficient numerical approaches are required. Within the 
scope of this contribution, the tribological performance 
of the roller face/rib contact of a TRB in dependency of 
geometrical characteristics were numerically predicted 
and optimized. 

2. Methods 

Numerical EHL simulations of the roller face/rib contact 
in a TRB were performed based upon solving the 
REYNOLDs equation coupled with the elastic half-space 
theory within the simulation tool TELOS from 
SCHAEFFLER. Thereby, sliding and spinning motion were 
considered and the complex geometries were taken into 
account using a ray tracing method as proposed in [1, 2]. 
The investigated geometric parameters are summarized 
in Table 1. Generally, the geometric pairings of sphere, 
torus and cone and plane were considered. The 
coefficient of fluid friction (COF), maximum pressure 
and minimum film thickness were then evaluated by 
means of latin hypercube samplings (LHS). 

Table 1: Varied parameters and resulting geometry 

rib radius cone, torus 

roller face radius plane, sphere 

roller radius eccentricity torus 

A so-called meta-model of optimal prognosis (MOP) [3] 
was implemented in the software DYNARDO OptiSlang 
and utilized to study the influence of the geometric 
parameters on the tribological target variables. The 
correlations were described by the most suitable 
mathematical representation (polynomial regression, 
moving least squares or kriging). On this basis, an 

evolutionary algorithm (EA) was applied for friction 
minimization. 

3. Results and discussion 

For simple geometry combinations, like a sphere/cone 
contact, the lowest COFs are derived for the largest 
possible radii, whereby the degree of enhancement 
decreases with increasing radius. In contrast, for more 
complex geometries global optima can be found in the 
middle parameter range of the radii, such as a torus/torus 
combination (see Figure 1), while the eccentricity has 
less influence on the parameters. 

 

Figure 1: Representative mathematical response surface 
for the friction coefficient in dependency of rib and roller 
face radius as well as the identified optimum. 
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