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Abstract. 3 

Introduction 

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

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

More than metal, polymer bearings have proven to be more suitable for work in such conditions due to 

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

Poly-ether-ether-ketone (PEEK) is a very popular polymer used for the production of bearings due 

to its excellent mechanical and physical characteristics. In addition, PEEK is stable at high 

temperatures and resistant to solvent attack. However, as the amount of research done on rolling 

contact fatigue of polymer bearings is still in its infancy, there is still a lot of room for improvement in 

the reliability of this kind of components 

From our former research [2-5] it was found that PEEK has self-lubrication features working under 

water, and that flaking failure of the bearings is caused by the growth of surface cracks. 

In the investigation of surface and subsurface cracking mechanisms in metals fracture mechanics is 

used. A typical mechanism is described later in text of this work. However, these well studied models 

cannot be applied for plastic bearings as the mechanical and physical characteristics of metals and 

polymers differ significantly. 

In the present work, microscopic holes were introduced onto the surface of bottom bearing parts, 

and cracks growing from these artificial defects were observed.  

Experimental procedure 

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

out in water-lubricated conditions as shown in Fig. 1(b). The water in the tank circulated continuously 

throughout the test. Fig. 1 (c) is a photo of the top bearing race and a retainer with alumina balls. 

Retainers with nine alumina balls were used. The ball diameter was 9.525 mm (3/8”). The geometry 

of the bearings was standard #51305 (JIS B 1513). The dimensions were: outer diameter of 52mm, an 

inner diameter of 25 mm and pitch circle diameter of 38.5mm. Fig. 1 (d) is a photo of the bottom race. 

The arrows indicate the position of the artificial holes drilled by end mill. Fig. 1(e) shows the hole 

dimensions: the diameter of 300µm, the depth of 180µm.  

 Both the races and the retainers were made of unreinforced PEEK (VICTREX ©450G). The 

physical and mechanical properties of PEEK are shown in Table 1.  
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334 143 1.32 105 97 156 4.1 

The RCF test were conducted at a rotation speed of 600 rpm under four different loads: 800N, 

200N, 100N, and 50N until reaching 1.0×10
6 

cycles. In cases, where flaking failure occured before

1.0×10
6 

cycles, the tests were interrupted.

Possible models of surface crack growth 

Several models were considered as possible mechanisms of surface crack growth under RCF.  First 

studied option [5] was a model that focuses on the effect of lubricating fluid pressure on the crack face, 

its schematic explanation is shown in Fig. 2 (a). In this model, in a crack growth mechanism called the 

‘wedge effect’, cracks develop in mode I.  When applied to the present tests, this model suggests that 

the inner surface of holes is evenly pressurized by the fluid (Fig. 2 (c)), and this pressure is the initial 

cause of cracking (Fig. 2 (c)). 

10mm 

(b) 

(c) 

Fig. 1  Experimental setup and samples: 

(a) rolling contact fatigue machine, (b) detail of the water-lubricated tank, 

(c) top race and retainer, (d) bottom race, (e) cross section of the microscopic hole. 

(a) 

Table 1 Material properties of polymer samples 

(d) (e) 

1.00cm 

300µm 

300µm 

180µm 
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The second considered option [6] was the effects of shearing stress. The scheme for this model is 

shown in Fig. 3: cracks initiate caused by the shear stress and grow into the material in mode II. 

 

 
 

 

 

    The third considered was the Hertzian crack theory and the scheme for it is shown in Fig. 4.  

Hertzian crack theory is used in cases of contact between a ball and a flat surface. The maximum 

tensile stress occurs at the edge of contact circle, where cracks initiate. The contact circle radius is 

similar to the radius curvature of the observed cracks and the cracks grow diagonally in two directions 

outwards the contact circle under contact surface [7]. 

  

Experimented results and discussion 

The artificially introduced surface holes were observed after testing under the load of 800N, 200N, 

100N, and 50N. The observation results were divided into three groups; holes with no cracks, holes 

with cracks, and pitting failure. Table 2 shows the statistics for each group. 

Fig. 5 shows image of failures detected on a component race tested under a load of 800N. Fig. 5 

(a) is an overview photo of the race and Fig. 5 (b) is a flaking failure detail example. The surface 

cracks grew in the rolling direction, and in a close distance from one another.  
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Fig. 2 ‘Wedge effect’ model:(a) ‘Wedge effect’, (b) stress diagram of the section around the hole, 

 (c) expected surface cracks. 

Fig. 3 Shearing stress model scheme. Fig. 4 Hertzian crack model scheme. 

(b) 
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Load(N) 800 200 100 50 

Total number of surface holes       8 8 8 8 

Number of holes with no cracks 0 3 7 8 

Number of holes with cracks 0 1 1 0 

Number of pitting failures 8 4 0 0 

Number of cycles to failure 2.1 ×10
5
 7.0 ×10

5
 NA NA 

 

 

 

 

          

 

 

 

 

 

 

 

 

 

 

Fig. 6 shows a cracking occurred in a specimen tested at 200N. Two cracks were observed at the 

artificial hole: one at the periphery of the contact track. It starts at the bottom of the artificial hole or 

surface and grow in the rolling direction. It is hence concluded that the cracking does not follow the 

‘wedge effect’ model.The maximum depth of the crack is 0.54mm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 shows another example of flaking failure after testing at 200N. The features of the surface 

cracking are the same as after testing at 800N. The contact circle radius is 360µm. The curvature 

values of the detected cracks are shown in Table 4 and they do not correspond with the values of the 

contact circle radius. Hence it can be concluded that the cracking mechanism does not follow the 

Hertzian theory. Fig. 7 (b) is the specimen’s cross section cut along the line shown in Fig. 7 (a). The 

maximum depth of the crack is 0.59mm.  

 

(a) 
Rolling direction 

(b)  

Fig. 5 Polymer bearing race tested at 800N load, 2.1 ×10
5
cycles:  

(a) race overview, (b) flaking failure detail.  

Table 2 Failure pattern group statistics for each test condition 

Rolling direction 

Rolling direction 

Fig. 6  

Polymer bearing race tested 

 at 200N load, 7.0 ×10
5
cycles: 

(a) cracks, (b) cross section. 

(a) (b)  

Rolling direction 

Initial hole 

300µm 

1.00cm 
1.00mm 

300µm 

300µm 

540µm 
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Fig. 8 shows cracking in a sample tested at 100N. The surface cracks shaped a ring on the surface 

(Fig. 8 (a)). Fig. 8 (b) is the cross section of the specimen cut along the line shown in Fig. 8 (a). The 

cracks propagated from the surface into the material, toward center of circle. This fact implies that the 

observed cracking mechanism is not consistent with Hertzian crack theory (Fig. 4) or with the ‘wedge 

effect’ models (Fig. 2 (c)). In the future a new model will be proposed based on the contact stress 

distribution combining the empirical data of crack initiation and propagation of samples without and 

with artificial holes. 

 

 

 
 
 
 
 
 
 
 
 
 

 
[µm] 

r1 550 

r2 559.4 

r3 984.4 

r4 303.1 

r5 550 

r6 387.5 

Rolling direction 

Fig. 7 Polymer bearing race tested at 200N loads, 7.0 ×10
5 

cycles: (a) flaking failure, (b) cross section. 

Table 4 Curvature radius of surface cracks under 200N load. 

Rolling direction 

Cutting line 
(b) 

(a) 

R 

Initial hole 

300µm 

1.00mm 
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Conclusions 

 Surface cracking in PEEK thrust bearings under rolling contact fatigue was observed. Identical 

specimens were prepared and Rolling-Contact-Fatigue tested under different loads under 

water-lubricated conditions.  Eight small holes were introduced on the surfaces of the bottom races 

and flaking failures as well as cracks initiating from the holes were observed by microscopy. From the 

performed analysis it was concluded that the mechanism of the detected cracks does not follow the 

Hertzian crack theory or ‘wedge effect’ model. Hence, neither of these theories can be applied to 

evaluate cracking within PEEK thrust bearing under the RCF in water. A new model is being 

formulated based on the contact stress distribution. 
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