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This work focuses on developing a test method to investigate the effect of different surface texturing 
methologies and resultant topographies on the wear and friction performance of Polyimide (PI) washers. A rapid 
prototyping laser machining method has been developed. A variety of widely-used and newly developed 
texturing designs have been evaluated by means of adapted Stribeck curve measurements. Tests have been 
performed with a dominant rotational direction. Future tests will focus on evaluating the effect of advanced oil 
groove designs as a function of different lubrication regimes on wear and friction for both rotational directions. 
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1. Introduction 

Thrust washers made of PI composites are widely used in 
automotive and heavy-duty vehicle drivelines, mostly for 
absorbing wear and act as spacers between gears and 
housings to provide longer lifetime, whilst ensuring the 
lowest possible energy losses due to friction. Surface 
texturing of thrust washers may provide one way to 
further reduce torque loss and move and maintain the 
lubrication state into the desired elastohydrodynamic 
lubrication area.[1] [2] 

2. Materials and Design 

Polyimide filled with graphite was used in this study. The 
counter surface material was 42CrMo4, with a 
corresponding grinded surface roughness of 
Ra = 0.2 𝜇𝑚. 
Thrust washers with an outer diameter (OD) of 52 mm, 
inner diameter (ID) of 28 mm and a total height (H) of 
2.5 mm served as a basis for the application of different 
surface texturing techniques & topographies. 
In total, 15 different designs have been machined and 
investigated by means of an adapted Stribeck curve  
measurement. The different design types are listed in 
Table 1. Exemplary, Figure 1 shows a design inspired by 
a shark skin (# 13), and Table 1 highlights the different 
designs.  

Table 1: Design Layouts 
Design Description  Design  Description 

D 0 
Reference Washer 
with 3 oil grooves 

D 12 
Rectangular shaped 
grooves 

D1- D7 Micro-dimples D 13 Shark Skin 

D 8 - D10 F-Shape groove D 14 Diamonds 

D 11 
Inclined & angled 
grooves 

D 15 Antifriction coating 

 

Figure 1: Design D 13 – Shark Skin Design 

3. Method 

A Picosecond Laser and a digital laser microscope have 
been utilized for machining and monitoring the evolution 
of various patterns on PI thrust washer surfaces.  
The wear and friction performance have been 
characterized by means of Stribeck curve measurements, 
see Table 2, at the Center of Excellence at DuPont on a 
vertical thrust washer test bench. 
 

Table 2: Main Stribeck Curve Parameters 
Parameter Value Parameters Value 

Velocity 7.7 m/s 
ATF Oil 
temperature 

80 °C 

Pressure  0-5800 N Oil flow 250 – 500 ml/min 

4. Results and Discussion 

A rapid prototyping procedure for advanced oil groove 
design washers made of PI composites was developed.  
Figure 3 shows the Stribeck curve results for 3 exemplary 
surface texturing designs which had been investigated. 
Significant differences have been observed for the 
various designs. The evolution of the temperature close 
to the friction zone will be presented, and its correlating 
coefficient of friction (COF). 

 
Figure 3: Exemplary Stribeck curve test results  
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