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A previously developed model for heavily loaded Elastohydrodynamically lubricated (EHL) contacts with 
surface micro-geometry for the calculation of surface distress (micropitting), based on high-cycle fatigue and 
mild wear competition, is herewith further extended. It now includes the effects of frictional heating with a 
sharp temperature rise developed in the rolling contact. For this, a new surface damage model, based on the 
creep mechanism, is included.  
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1. Introduction 

Tribological processes involving thermal cyclic damage 
are, frictional heating, metal softening by bulk heating in 
the rolling contact. These phenomena happen in 
combination with rolling contact fatigue and mild wear 
and, all of them, enter in competition to determine the life 
expectancy of the rolling contact. Herewith, a 
temperature-driven, durability model based on the creep-
damage accumulation on the contact surfaces is 
presented. The model is incorporated into the existing 
micropitting model [1], comprising surface fatigue and 
mild wear in mixed-lubrication conditions. The thermal 
damage model is compared with experimentally obtained 
failure cases in a tribometer. This, in turn, is used to 
explore the behaviour of thermal damage under different 
operating conditions and also to study the interaction 
between surface fatigue, mild wear and thermal damage. 

2. Methods 

To model thermal damage creep mechanism is used. One 
of the first damage models related to creep in metals is 
introduced by Kachanov and Rabotnov. Lemaitre and 
Desmorat [2] present a refined version and they call it the 
Kachanov law, describing the damage evolution in cyclic 
loading with creep, summarised in the following model 
for the damage (D). 

2.1. Basic equation 𝐷 = 1 − [1 − 2𝑎(𝑚 + 1)(∆𝑇)𝑚𝑁𝐶𝑚𝑈 ] 1𝑚+1                     (1) 

2.2. Ball-on-Disc Experimental validation 

Ball-on-disc experiments were carried out with constant 
rolling speed and increasing sliding speed until failure. 
Table 3 shows the calculated results with the model. 
Table 3. Calculated results for the ball-on-disc 
experiments. 

No ℎ𝑐 [𝜇𝑚] 𝑝ℎ [𝐺𝑃𝑎] Λ 

[-] 
Max. 
Temp. 
[0C] 

Result Test 

1 0.23 1.33 0.75 352 may 
fail 

failed 

2 0.21 1.91 0.70 385 failed failed 

3 0.024 1.91 0.080 390 failed failed 

4 0.027 1.33 0.088 320 non non 

2.3. Combination with the Micropitting Model 
The above thermal damage model was combined with the 
previously developed micropitting model [1] in order to 
be able to model cases where there is a gradual passage 
from surface fatigue to actual seizure or massive adhesive 
wear like in the case of high speed rolling bearings. This 
allows engineers to calculate transition diagrams for 
mixed-EHL contacts.  

2.4. Results  
Figure 1 shows the calculated results for the case of a 
measured raceway bearing topography with Rq=23.8 nm. 
The figure shows the thermally damaged areas in 
combination with surface fatigue. 

 

 

 

  
 

 

 

 

 

 

 

 

 

Figure 1: Bearing raceway calculated combined 

micropitting-smearing damage on the raceway (blue). 

3. Discussion 

A thermal damage model for tribological contacts has 
been presented. It is based on the use of creep theory 
combined with EHL. The model is adapted to be used in 
combination with a previously developed surface distress 
(or micropitting) damage model. The combined model 
can show the competition of thermal damage, surface 
fatigue and mild wear together 
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