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Abstract. The life of the PTFE thrust bearing under rolling contact fatigue (RCF) was investigated. 

The different conditions of axial loads and the rotating speeds under water were applied. The shapes 

of the bearing race before and after the tests were measured by a two-dimensional shape 

measurement sensor. The wear loss of PTFE bearing was rarely generated and the shape of the 

bearing changed slightly in the test. However, it was found that the lifetime of PTFE bearing 

depended on the temperature generated in the contact surface. In our testing machine condition, the 

bearing was collapsed over a load of 1600 N.   

Introduction 

Polymer bearings are used in various conditions because of the solid self lubrication [1-2], high 

chemical resistance and small specific gravity. PEEK (polyetheretherketoneketone) radial bearing 

has long lifetime due to the self-lubrication at specific loads [3-4].  

Polytetrafluoroethylene (PTFE) and PTFE composite have high lubrication property under dry 

conditions. Wear loss and friction coefficient of neat PTFE and PTFE composite against metal 

materials were lower than those of other polymers [5-6]. These polymer materials are very stable at 

high temperature and high contact pressure [7]. This is because the film forms between the PTFE 

and the counterpart materials [8-9]. Friction coefficient and the wear loss of the PTFE composite 

under lubricated conditions are lower than that under dry conditions [9-12].  

In this work, PTFE composite was used for the race and the retainer of the thrust bearing. PTFE 

composite consists of 25% carbon and 75% pure PTFE. Rolling contact fatigue tests were carried 

out by a thrust type fatigue machine at the different conditions of axial loads and the rotating speeds. 

The wear loss and the deformation of the races were measured by the electronic balance and the 

two-dimensional shape measurement sensor.  

Experimental procedure 

Thrust bearing.  Fig. 1 is a photo of the race and the retainer with nine alumina balls. The 

geometry of the bearings was standard #51305 (JIS B 1513). The diameter of the ball, outer circle 

and inner circle were 9.525 mm (3/8 in), 52 mm and 25 mm, respectively. The race and the retainer 

was made of composite PTFE (Du Pont-Mitsui Fluorochemicals), containing 25% carbon graphite 

and 75% pure PTFE. The physical and mechanical properties of the composite PTFE were shown in 

Table 1.  

Rolling contact fatigue tests. RCF tests were carried out by a thrust type fatigue machine. All 

tests were conducted in water. Fig. 2 shows the schematic illustration of the water tank and the load 

application system. The bearing was loaded by the lever, and the axial load was adjusted by the 

weight. The load was measured by the load cell under the water tank. Water tank size shown in Fig. 

3 was 0.45 L. Water was circulated at flow quantity of 440 cm
3
/min by a pump in the water tank 

when the motor was rotating. The RCF tests were carried out at rotating speeds of 600 rpm and 900 
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rpm, and at loads of 100 N, 200 N, 400 N, 800 N, 1200 N and 1600 N. These tests were continued 

until 1.728x 10
6 

cycles. This cycle calculated based on a working condition: 600 rpm and 48 hours. 

The shape of surface and the weight of the bearing were measured by the two-dimensional shape 

measurement sensor and the electronic balance before and after test, respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

 

Table 1 The material properties of PTFE samples. 

Melting 

point  

(C
o
)  

Density 

(g/cm
3
)  

Hardness 

(HRM)  

Tensile 

strength  

(MPa)  

Tensile 

elastic  

module  

(GPa)  

Bending 

strength  

(MPa)  

Bending elastic 

modulus  

(GPa)  

Poisson  

ratio  

327  2.15  105  25  0.5  156  0.55  0.46  

 

Experimental results and discussion 

The RCF results are shown in Table 2. Crack was observed at the speed of 900 rpm and the load 

of 1600 N during 1.62x 10
6 

cycles. In all of other bearings, we did not observe cracks, melting and 

failure during 1.728x 10
6
 cycles. The relation between the load and the displacement is shown in 

Fig. 4. The change of the depth of the race was defined as the displacement. The displacement of 

the race before RCF test is shown in a hatching area of Fig. 4. The displacement and the wear loss 

of the race occurred at the load more than 800 N (Figs. 4 and 5). However, the displacement and the 

wear loss did not cause vibration.  

The track of the race was observed by a laser confocal microscope (LCM, KEYENSE VK-9700), 

and the profiles of the bearing track before and after test are shown in Fig. 6. The roughness of the 

track after test was larger than before test. When the roughness of the track after the test at the load 

of 100 N was compared with that of 1200 N, former was smaller than later. The track of the race 

was worn at the high axial load.  
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Figure 2  Schematic illustration of rolling  

contact fatigue machine. 

Figure 1  Photo of PTFE composite 

retainer with alumina balls 

and race. 

Figure 3  Photo of water lubricated tank. 
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A photograph of the crack was shown in Fig. 7. The test was stopped due to the vibration during 

1.62x 10
6
 cycles. The temperature of the water tank rose to 47 ºC at the load of 1600 N. In the case 

tested at other loads, the temperature did not rise. When the bearing rotated under high axial load, 

heat was generated at the contact surface. 

Conclusion 

Rolling contact fatigue tests were carried out by the thrust type fatigue machine at rotating 

speeds of 600 rpm and 900 rpm, and at loads of 100 N, 200 N, 400 N, 800 N, 1200 N and 1600 N. 

The profiles of the bearing tracks and wear loss were measured before and after the tests. The 

obtained results are as follows. 

1. The displacement of the race bottom and wear loss were not obserbed at a load of 400 N. 

2. The crack caused large vibration at a rotating speed of 900 rpm and a load of 1600 N. 

3. Lifetime of PTFE composite bearing was dominated by crack which occurred under high axial 

load. The PTFE bearings can be used under a load less than 1200 N during 1.728x 10
6 

cycles. 

 

Table 2  Experimental conditions and RCF results. 

Load [N] 
Rotation speed 

[rpm] 

Displacement of groove 

 [mm] 

Wear loss 

[mg] 

100 N 
600 0.921 0.0 

900 0.945 0.6 

200 N 
600 0.921 0.0 

900 0.918 0.1 

400 N 900 0.912 0.2 

800 N 900 0.918 5.2 

1200 N 
600 0.941 7.4 

900 0.932 4.2 

1600 N 900 1.021*  

* At the load of 1600 N and the speed of 900 rpm, the cracks were observed on the PTFE races.            
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Figure 4  Relation between the displacement 

and the axial loads. 

 

Figure 5  Relation between wear loss  

and the axial loads. 
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Figure 7  Observation of the bottom race under a rotation speed of 900 

rpm and a load of 1200 N. 

(b)  Surface profile of the track at the load of 100 N. 

Ra=1.5µm 

(c)  Surface profile of the track at the load of 1200 N. 

Ra=0.5µm 

Figure 6  Surface profiles of the track. 

(a)  Surface profile of the track before test. 

Ra=5.5µm 

Crack 
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