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Abstract 
Influence of load and rotation speed on life of PPS radial bearings under water lubricant condition was 

investigated.  RCF tests were carried out at different loads and rotation speeds until 1.0×106 cycles.  After 

testing, rolling contact surfaces were observed by using a laser confocal microscope. From the 

observation, it was concluded that the life of PPS radial bearings under water lubricant condition was 

dominated by cracks and flaking failures. The failure of PPS bearings was caused by the flaking failures. 

The cracks were observed prior to the flaking failures. The life when flaking failure occur depends on 

the load and the rotation speed. 

Introduction 

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

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

Polymer bearings have proven to be suitable for work in such conditions [1]. Among industrial 

polymer, poly-ether-ether-ketone (PEEK) [2-3], poly-tetra-fluoro-ethylene (PTFE) [4-6] poly 

–phenylene-sulfide (PPS) [7-8] are called ‘super engineering plastic’, and are attracting a lot of

attentions due to their high corrosion resistance and self-lubrication ability as well as light weighting. 

However, as the amount of research on rolling contact fatigue of polymer bearings is still in its 

infancy, there is still room for improvement as far as the reliability the components is concerned. In 

our previous work, the facture mechanisms were investigated under water lubricant [9-11]. 

PEEK bearings were investigated on rolling-contact-fatigue (RCF) under water lubricated 

conditions [9-10]. High temperature resistance and fatigue properties of PEEK are particularly 

superior to other materials. In our previous works, flaking failures of bearings components were 

caused by the growth of the cracks. It was found that the life time of PEEK bearings was dominated 

by cracks and flaking failures.  

PTFE bearings were investigated on RCF under water lubricated conditions [11]. One of its 

features is that the friction coefficient is lower than other polymer materials.  It was found that PTFE 

bearing surface under RCF generated few wear debris and no cracking or flaking failure could be 

observed. The life of PTFE bearings were not dominated by cracks and flaking failures. However, the 

large changes in groove profiles occurred when tested at heavy loads. Therefore the deformation by 

RCF dominated the PTFE bearings life. 

PPS is particularly superior to other materials stable at high temperature. However its toughness is 

relatively low. In the present work, we focused on further exploring PPS’s performance capabilities 

and its possible practical applications. We performed tests under water lubricated conditions in order 

to establish the material’s characteristics in terms of load, rotating speed capability and bearing life. It 

makes clear the primary factor of PTFE bearings life. 
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Experimental procedure 

Specimens.  RCF tests were performed on single raceway radial bearings. The geometry of the 

bearings was standard #6205. The dimensions were: outer diameter of 52mm, an inner diameter of 25 

mm. The bearing’s inner parts, outer parts and retainers were made of PPS (TECHTRON® PPS). 

Figure 1 (a) is a photo of the radial type bearing. The physical and mechanical properties of PPS are 

shown in Table 1.  Retainers with nine alumina balls were used. The ball diameter was 7.1 mm.  

Rolling contact fatigue tests. We developed a radial-type RCF test machine. Figure 1 (b) shows 

the machine scheme. Weight is suspended on an arm, opposite side to the tested sample. The outer 

part of the bearing is set in a SUS fixture with the radial load direction upwards. The inner part of the 

bearing is placed on a 25mm diameter SUS shaft. All tests were carried out in water-lubricated 

conditions (Fig. 1 (c)). RCF tests were performed under several conditions shown in Table 2. The 

load ranged from 88N to 186N. Rotation speeds were from 750rpm to 1500rpm. The RCF tests were 

continued until 1.0x10
6
 cycles. In cases, where flaking failure or machine vibration occurred, the tests

were interrupted.   
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rotation speed Loads 

39N 88N 137N 186N 

750rpm - ○ ○ ○ 

1000rpm - ○ ○ ○ 

1250rpm ○ - ○ ○ 

1500rpm - ○ ○ - 

Inner race 

Retainer 

Outer race 

Alumina ball 

25mm 

Fig. 1  Experimental setup and samples; 

 (a) PTFE radial bearing, 
(b) radial-type rolling contact fatigue machine 

and (c) detail of the water-lubricated tank. 

(a) 

Table 1 The material properties of PTFE samples. 

(b) 

52mm (c) 

Sample 

Water tank 

Table 2 Test conditions. 
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Experimented results and discussion 

The rolling contact surfaces were observed after testing, and some cracks and flaking failures were 

found. Figure 2 is photographs of fatigued surface. The surface observation results were divided into 

three groups; no cracks, cracks and flaking failures. This means the life of PPS radial bearings under 

water lubricant condition is dominated by cracks and flaking failures. Figure 2 (a) is for before the test, 

(b) is the wear track tested at a load of 137N, the rotation speed of 1000rpm, (c) is at 137N-750rpm, 

and (d) is flaking failures at 186N-750rpm. From the observations (a) and (b), it was found that the 

surface roughness become smooth due to wear. Based on (c) and (d), the shape of the flaking failures 

is very similar to those of the surface cracks. Furthermore, cracks were observed on the surfaces of all 

of the bearings before the flaking failure occurred. From these results it is concluded that the failure of 

PPS bearings is not caused by wear loss but by flaking, and that the cracks occur prior to the flaking 

failures.  

Figure 3 shows the relationship between rotation speed, radial loads and the wear loss including 

flaking failures. While there is a correlation between the radial loads and the wear loss, no clear 

relation between the rotation speeds and the wear loss. The wear loss was less than 11mg on the 

non-flaking failure samples. This means that wear of PPS radial bearings is negligible, and the failure 

of the bearings is not caused by wear, but by cracks. 

100µm 

300µm 

300µm 

100µm 

Fig. 2 Rolling contact surface observed by laser confocal microscopy. 

(a) before test, (b) no failure at 137N-1000rpm, 

(c) cracks at 137N-750rpm and (d) flaking failures at 186N-750rpm. 

(a) 

(b) 

(d) 

(c) 

Rolling direction 

Rolling direction 

Rolling direction 
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In the tests performed in this research, the wear loss increased with radial loads. Figure 4 shows the 

relationship between the flaking failures, the radial load and the rotation speed. PPS radial bearing life 

was dominated by the flaking failures. The testing samples were divided into two gropes; no cracks 

and flaking failures. We could draw the safe condition in which RCF does not cause flaking failures 

until 1.0×10
6 

cycles. Outside the safe area, flaking failures occurred on the inner or outer races. It is

found that the life when flaking failures occur depends on the load and the rotation speed. 

Conclusions 

We carried out rolling contact fatigue tests of PPS radial bearings under water lubricant conditions 

and examined the failures occurring on their surfaces. The RCF tests were performed under four 

different loads and four different rotation speeds until 1.0×10
6
 cycles. The life of PPS radial bearings

under water lubricant condition was determined by cracks and flaking failures. The failures were not 

caused by wear loss but by flaking. We could draw the safe condition in which RCF does not cause 

flaking failures until 1.0×10
6 

cycles. It is concluded that the life when flaking failures occur depends

on the load and the rotation speed. 
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Fig. 3 PPS bearings wear loss. *Flaking failure. 
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