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In this work, an empirical formula was derived with which it is possible to infer the electrical capacitance of a 
rolling bearing from the easily calculable Hamrock and Dowson film thickness formula. To achieve this, 
extensive numerical investigations were carried out with varied forces, speeds, materials, and contact 
geometries. 
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1. Introduction 

Electrical bearing capacitance plays an important role 
in the prediction of harmful bearing currents, which 
could lead to premature failure of the bearing and the 
entire drive system [1]. The effect of rolling speed, force, 
and material parameters on the electrical capacitance of 
an elliptical contact in elastohydrodynamic lubrication 
has been studied numerically. An empirical equation to 
calculate the total capacitance of a rolling bearing, based 
only on the HERTZ’ian contact capacitance with the 
central film thickness as single parameter, has been 
developed. This approach is described through the factor 𝑘c = 𝐶Hertz,hc𝐶total,real      (1) 

The novel approach from our investigations is that the 
real film thickness distribution in the EHL contact is 
considered for the capacitance calculation, whereas a 
constant central film thickness is assumed in literature 
e.g. [2]–[6]. Finally, a comparison was made between the 
calculated capacitances and measured values for a rolling 
bearing. 

2. Methods 

In order to find an empirically describable relationship 
between the HERTZ’ian capacitance based only on a 
uniform central film thickness and the total capacitance 
of a real contact, a large amount of numerical 
investigations were carried out for an EHL model 
contact. 
A total of around 1100 simulations for different speeds, 
forces, materials, and shapes were carried out for EHL 
point contacts. Fig. 1 shows an example of a numerically 
determined capacitance distribution of an EHL-contact. 

 
Figure 1: Capacitance distribution of an EHL contact as 

resulting from the multigrid-calculation 

 

The resulting capacitances were compared to measured 

capacitances from a full bearing experiment. 

The resulting numerical capacitance behaviour was 

subsequently fit to an analytical formula for an easy to 

use engineering application. 

3. Discussion 

By comparing numerical methods, analytical 
calculations, and experimentally determined values, it 
was possible to conclude on an empirical formula that 
allows a simple calculation of the rolling bearing 
capacitance. 
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