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Abstract.  

The effect of machining conditions on the rolling contact fatigue (RCF) strength of PEEK polymer 

bearings was investigated. RCF tests were carried out by using bearings machined by different 

conditions. The surface profile and roughness were observed before and after testing by laser confocal 

microscope. Pitting and cracking were associated with the different initial surface conditions. From 

the obtained results, we found that the RCF strength of machined surfaces decreases when the surface 

becomes rougher.   

Introduction 

The high versatility of rolling bearings makes them a popular component used in various 

conditions – dry, water or oil-lubricated, corrosive (chemical), erosive (electrical) and abrasive 

environments. 

Rather than metal, polymer bearings have proven to be more suitable for work under such 

conditions due to their high corrosion resistance and self-lubrication ability [1]. 

The recent tendency to downsize and improve the efficiency of machines translates into more 

severe condition (heavier loads and higher rotational speeds) that the polymer bearings will have to be 

able to withstand. It is thus necessary to investigate polymer materials with high load carrying 

capacity. 

PEEK (poly-ether-ether-ketone) has excellent mechanical and physical characteristics. In addition, 

it shows stability at high temperatures and high resistance to solvent attack. Many researches [2-4] on 

friction and wear properties of PEEK and its composites were carried out. The obtained results are 

promising and PEEK is expected to become a suitable material to produce high performance bearings, 

however its RCF behaviour has not yet been investigated and no method to predict PEEK bearing life 

has been determined. 

In our previous study [5], tested PEEK bearings failed due to flaking in rolling contact fatigue 

rather than wear. Flaking failure was caused by the cracks initiating and growing at the contact surface. 

Consequently the surface textured is thought to affect the life cycle in RCF. 

In the present work, PEEK bearings machined by using several different conditions were tested 

and the correlation between their surface and RCF performance was investigated. 

Experimental procedure 

RCF tests were conducted using a thrust type machine shown in Figure 1 (a). All tests were carried 

out in water-lubricated conditions as shown in figure 1(b). During testing water circulated 

continuously between the tank and an outer reservoir. 
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Figure 1(c) is a photo of the bearing and retainer with alumina balls. The geometry of the bearings 

was standard #51305 (JIS B 1513). The bearings had an outer diameter of 52mm, an inner diameter of 

25 mm and pitch circle diameter of 38.5mm. Both the races and the retainers were made of 

unreinforced PEEK (VICTREX ©450G). Some of the physical and mechanical properties of PEEK 

are shown in Table 1. Retainers with nine alumina balls were used. The ball diameter was 9.525 mm 

(3/8”). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Melting 
point 

Glass transition 
point 

Specific 
gravity 

Hardness 
Tensile 
strength 

Bending 
strength 

Bending elastic 
modulus 

°C °C 
 

HRM MPa MPa GPa 

334 143 1.32 105 97 156 4.1 

 

Fatigue tests were conducted at a load of 2100 N. The rotation speed of the machine was 1200 rpm 

and the fatigue test frequency was 90 Hz. The total number of rotating cycles was 1.73×10
6
 ,when the 

number of stress cycles was 7.78×10
6
. 

The bearings were manufactured by four different machining conditions, which are shown in Table 

2. Five bearings per condition, a total of twenty bearings were tested. Differences in surface profile, 

roughness, and surface condition (pitting and cracking) of all bearing samples were observed by using 

a Keyence (VK9700) 3D laser confocal microscope.  

 

 

 

 

 

 

 

 

 
spindle speed depth of cutting feed per revolution 

rpm mm mm/rev 

Sample A 800 0.2 0.06 

Sample B 800 0.2 0.12 

Sample C 800 0.2 0.18 

Sample D 800 0.2 0.25 

10mm 

(b) 

(c) 

Figure 1. Experimental setup and samples (a) Rolling contact fatigue machine  

(b) Detail of the water-lubricated tank (c) Bearing and retainer  

Table 1. Material properties of polymer samples 

Table 2. Machining conditions 

(a) 
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Results and Discussion 

In Figure 2, the surface profile of each sample is shown as a function of the number of cycles and 

axial location. The higher feed per revolution, the higher the roughness of the samples before testing. 

Due to the fact that during the fatigue test, surface asperities were removed through wear and 

plastic flow, the profile of all samples was almost the same after 11.52×10
5 

cycles. 

Figure 3 shows the roughness of the contact surface as a function of the number for cycles. The 

roughness of all samples decreased as the number of cycles increased. In case of samples C and D, the 

roughness decreased significantly to the same degree as the roughness of samples A and B until 

1.44×10
5
cycles and 11.52×10

5
cycles, respectively.  

Figure 2 and 3 indicates that the surface texture of all samples becomes comparable during fatigue 

tests due to wear and plastic flow regardless of the machining conditions. It can be therefore 

concluded that different machining conditions do not influence the high cycle RCF performance of 

bearings. 
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Figure 2. Surface profiles of the bottom of races grooves, 

 (a) Sample A- machined by 0.06 mm/rev,(b) Sample B - machined by 0.12 mm/rev, 

 (c) Sample C - machined by 0.18 mm/rev (d) sample D - machined by 0.25 mm/rev. 
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Figure 3. Surface roughness measurement before and during rolling contact fatigue tests 
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The low cycle RCF performance however proved to be affected by the machining conditions. 

Figure 4 shows a comparison of all samples` RCF strength. 

Flaking failure occurred in all D-type samples, machined at the highest feed per revolution (initial 

Ra = 7 µm) and in two of the C-type samples machined at the second highest feed per revolution 

(initial Ra = 4 µm). In the remaining C-type sample, only pitting at the depth of 100 µm occurred. No 

flaking failure was observed in any of the A or B-type samples (initial roughness of 1.8 µm and 2.2 

µm, respectively). The decreased RCF strength can be linked to the bearing initial surface condition.  

In samples where the flaking failure occurred, it was possible to notice significant pitting and dent 

marks at the contact surface. Additionally, cracks initiated at the pitting and propagated as shown 

Figure 5. Hence, RCF fatigue failure is much more likely to occur in samples with rougher surfaces 

developed during machining as cracks initiate at the micro pitting.  

 
 

Conclusions 

The influence of surface texture on the RCF behaviour of PEEK bearings was investigated. Different 

types of bearing samples were prepared using four different machining conditions, and rolling contact 

fatigue tests in water were performed. Although all types of samples reach a comparable surface 

texture throughout the fatigue tests, the low cycle fatigue strength is strongly correlated with the 

surface roughness and decreases significantly with increased initial roughness level. 
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