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In this work, an analytical method of predicting the contact temperature of a new dual-pins-on-disk (DPOD) 
tribometer was developed and used to analyze the tribological performance. The results show that when the 
load applied on the PEEK is moderated, the PTFE debris released into the wear track triggered tribofilm 
formatting on both steel and polymer sliding surfaces, thus significantly improving the tribological performance. 
However, as the PEEK load increases beyond the critical point, the high contact temperature induced softening 
and spalling of the tribofilm, and the friction coefficient and wear rate of PEEK increased dramatically. 
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1. Introduction 

A common method to improve the wear performance of 
PEEK is to add solid lubricant filler particles. However, 
this may weaken the excellent mechanical strength of 
PEEK. Our previous studies have shown that the 
tribological performance of pure PEEK can be effectively 
improved by introducing a separate PTFE composite pin 
into the wear system to release its wear debris to the wear 
track [1]. However, the applicability of this approach and 
the effect of PEEK loading is still unclear. 

2. Test apparatus and conditions 

The experiments were carried out in a newly developed 
DPOD test apparatus. As shown in Fig. 1, it allows 
different types of pins to slide on the same wear track 
independently. The pin used in this experiment were pure 
PEEK and PTFE composite with 40wt% bronze which 
has a strong tribofilm-generating capability. The test 
conditions are shown in Table 1. 
 

 
Fig.1. Schematic of test apparatus (a) and friction pairs(b) 

Table 1: Conditions used for the test 
Sliding velocity/(m/s) 0.8 

Applied load on PTFE/(N) 20 

Applied load on PEEK/(N) 20-120 

3. Theoretical development 

The contact temperature is made up of three contributions 

contact ambient steady state flash
T T T T    

Next is an example of the PEEK pin, the analysis process 
of the PTFE pin is similar. The total rate of heat generated 
per unit area of contact in contact areas is  
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The contact temperature of the PEEK pin is given by 
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The correspondingly contact temperature of steel disk is  
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The heat partitioning factor can be estimated by setting 
the two surface temperatures equal within the contact 
 
PEEK disk PEEK
T T   

Along with the equations mentioned above, allows the 
determination of the temperatures in both contacting area. 

4. Results and discussion 

 
Fig.2. COF (a), wear rate (b), and T (c) of PEEK and PTFE 

composite as a function of applied load on PEEK 
 

As shown in Fig.2, the friction coefficient (COF) and 
wear rate of PEEK in DPOD reduced significantly 
compared to those of acted alone when the load is less 
than 100 N. Their microstructure shows that high-quality 
fluorine-based tribofilms were produced on both steel 
and polymer worn surfaces. However, when the load 
become 120N, the COF and wear rate of PEEK suddenly 
increased to a level comparable to acting alone.  
The calculated contact temperature (T) indicates that the 
predicted T exceeds the Tg of PTFE (~119℃) when the 
load became 120 N. This may result in the softening and 
spalling of the tribofilm, which was confirmed by 
microscopic morphological. The high COF caused by the 
exposed PEEK surface further pushed up the T, causing 
the lubrication function of PTFE to fail. 
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