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Aiming to improve the working life of high-speed rail bearings, this paper puts forward a comparative 
study on different types of high-speed rail bearings at extreme low temperature. The model of bearing 
life is established. In the whole test process, it is found that the change trends of bearing temperature, 
environment temperature and torque are basically the same. In the equilibrium temperature relationship 
between SKF and ZH bearings, the temperature divergence of SKF bearings finally appears. In the ZH 
bearings, bearing 4 appears irregular sharp drop at the end. However, the temperature changes of the 

two brands of bearings are between -150 and -170 . And the friction coefficient is proportional to the 
ratio of torque. In the comparison of grinding amount, the wear amount of ZH bearings is far lower than 
that of SKF bearings, with a difference of about 0.5 mm. This shows that the production process and 
surface treatment methods of the two types bearing are completely different.
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Introduction

Bearing is a high-speed rotating component, and 
its working conditions are very complex. Generally, 
bearings need to work at high speed and for a long 
time under complex stress states and high stress values 
such as tension, compression, bending, shear and al-
ternating. The parts with low fatigue strength on the 
surface of the bearing ring first produce fatigue cracks, 
and finally form fatigue spalling, which makes the bea-
ring damaged and invalid. In the final analysis, it is ma-
inly to improve the service life of high-speed rail bea-
rings. In this field, some authors have also put forward 
some research methods. For example, Feng J et al. [1] 
proposed to combine Hertz theory and elastic contact 
stress analysis theory with finite element analysis met-
hod to discuss the stress distribution between bearing 
rollers and raceways of a certain type of high-speed 
railway. Y Huang et al. [2] proposed an improved scale 
space VMD, which uses scale space representation to 
understand the analysis signal a priori and find out the 
parameters, thus estimating the number of IMF in ad-
vance and optimizing other parameters of VMD. C 
Ma et al. [3] established a calculation method for bea-
ring fatigue life, and studied the effects of inclusion 
size, contact surface depth and elastic modulus on 
bearing fatigue life. Gergely M [4], S. Sjostrom [5] and 
R. Schroder [6] all simulated the process conditions 

and product dimensions during the heat treatment 
process, and studied the correlation affecting the bea-
ring life. Tudose C et al. [7] studied the influence of 
reasonable calculation of shaft bearing reaction on 
bearing life prediction. V. V. et al. [8] analyzed the life 
of bearings during drilling, milling and boring on the 
basis of the newly derived calculation method of bea-
ring life. Reference [9-11] also studies the life of bea-
rings.

Therefore, it is proposed to study the life of high-
speed rail bearings. Four sets of bearings of two diffe-
rent brands (SFK and ZH) were selected as research 
carriers. Taking the extreme low temperature (-160°C) 
as the test ambient temperature, the change trend of 
total temperature, the relationship between bearing 
equilibrium temperature, the relationship between 
torque and wear coefficient, and the change of bearing 
torque and wear amount of two brands of bearings are 
analyzed.

Establishment of bearing life model.

At present, in engineering applications, bearing 
manufacturers generally accept the improved ISO 
standard based on Lundberg-Palmgren bearing life 
theory. ISO standard needs to calculate the equivalent 
dynamic load and rated static load of bearings. Accor-
ding to the theory of bearing rated life, the rated life 
of ball bearings is:
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Where; is the rated dynamic load of the inner and 

outer rings.
The equivalent dynamic load 

iQm of the rotating in-
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The equivalent dynamic load 
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Where; J is the number of bearing balls; Z is the 
total number of balls.

Test of bearings of different brands and 
models.

Based on the above theory, two brands (GE-90-
SKF and GE-90-ZH) are selected, and four sets of 
bearings are selected for each brand. The test mainly 
obtains the service life (swing test times not less than 
30000 times) and life evolution law of bearing samples 
at low temperature (-160°C). In the test of two brands 
of bearings, the same load of 92.4 KN and the rotating 
speed of 1r/min were applied.

3.1 SKF bearings test

Four sets of bearings in GE-90-SKF samples were 
selected for research. Fig. 1 shows the comparison re-
sults of two sets of tests in the sample piece before 
and after the test. The test results are shown in Figs. 
2-6.

a) Bearing 1 b) Bearing 2

Fig. 1 Comparison diagram of SKF bearings before and after test.

Fig. 2 General trend of SKF bearings temperature
Fig. 3 SKF bearings section temperature and environment 

temperature
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Fig. 4 SKF Bearings equilibrium temperature relationship 

 
Fig. 5 Comparative relationship between test torque and 

friction coefficient of SKF bearings 
 
According to the appearance analysis of the bea-

ring before and after the test in Fig. 1, there is no ob-
vious fracture or damage. From the overall tempera-
ture change in Fig. 2, the temperature change trends 
of the four sets of bearings are basically the same. Fi-
nally, it reaches the preset temperature (-160°C). In 
addition, it should be noted that the sudden change in 
temperature was caused by changing the liquid nitro-
gen tank, which did not affect the overall test process.  

From the analysis of the ambient temperature rela-
tionship in Fig. 5, no matter whether the temperature 
of the four sets of bearings changes or not, the am-
bient temperature is always in a balanced state. This 
shows that the stability of the test equipment is very 
good. Figs. 4-6 will be comprehensively analyzed in 
the fourth part. 

 

Fig. 6 SKF bearings torque 

3.2 ZH bearings test. 

Apply the same parameters to bearing GE-90-ZH 
according to section 3.1. The test mainly obtains the 
service life (swing test times not less than 30000 times) 
and life evolution law of bearing samples at low tem-
perature (-160°C). Bearing GE-90-ZH, load 92.4 KN, 
rotating speed 1r/min at -160°C. Fig. 7 shows 2 sets 
of bearings from 4 sets of samples. Because in the ana-
lysis results of GE-90-ZH bearing, the overall tempe-
rature trend of bearing and the comparison of ambient 
temperature are basically consistent with the analysis 
results in section 3.1. Therefore, the GE-90-ZH bea-
ring analysis results only list the ZH bearings equi-
librium temperature relationship (Fig. 8), the compa-
rison relationship between the ZH bearings test 
torque and the friction coefficient (Fig. 9), and the ZH 
bearings torque (Fig. 10). 

 
Fig. 7 Comparison diagram of ZH bearings before and after test.
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Fig. 8 ZH bearings equilibrium temperature relationship.

Fig. 9 Contrast relationship between test torque and friction 
coefficient of ZH bearings

Fig. 10 ZH bearings torque

According to Fig. 7, the appearance analysis of 
GE-90-ZH bearings before and after test is basically 
the same as that of GE-90-SKF bearings. There is no 

obvious fracture or breakage.

Comparative analysis and research.

Figs. 4, 5, 6, 8, 9 and 10 in the third part of the 
article will be analyzed comprehensively. According to 
the analysis of Fig. 4 and Fig. 8 of the bearing balance 
temperature relationship, the temperature of 3 sets of 
SKF bearings in 4 sets is basically the same in the early 
stage (0 - 40s), and temperature divergence occurs in 
the later stage. The temperature of bearing 2 and bea-
ring 3 in Fig. 8 is exactly the same. At 140s, the tem-
perature of the bearing 4 drops sharply and jumps irre-
gularly. From the comparison relationship between 
bearing test torque and friction coefficient (Figs. 5 and 
9), the torque and friction coefficient are proportional. 
Meanwhile, in the ZH bearings test, the relationship 
between torque and friction coefficient will occasiona-
lly jump. It is mainly caused by the instability of the 
bearing itself in the test. This also shows that SKF bea-
rings is higher than ZH bearings in friction stability. 
Through 150000 tests, the torque comparison 
between the two brands of bearings (Fig. 6 and Fig. 
10) is analyzed: the torque range is basically between -
5000 N.m and 5000 N.m. From the microscopic curve 
analysis, the runout frequency and range are basically 
the same.

In the experiment, the grinding amount is also a 
very important parameter. As shown in Fig. 11.

Fig. 11 Contrast relationship of wear amount

As shown in Fig. 11, there is a significant diffe-
rence in that grin amount comparison. The wear 
amount of GE-90-ZH bearings are far lower than that 
of GE-90-SKF bearings, with a difference of about 0.5 
mm. This reflects that the production process and sur-
face treatment methods of SKF bearings and ZH bea-
rings are completely different at the limit temperature 
(-160°C). From this point, it can be analyzed that the 
surface hardness of GE-90-ZH bearings are higher 
than that of GE-90-SKF bearings.
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Conclusion

In this paper, the high-speed rail bearings are tes-
ted at extreme low temperature (-160°C).  SKF and 
ZH brands and 4 sets bearings of each brand are se-
lected as research carriers. The bearing temperature, 
environment temperature, torque change trend, the 
relationship between friction coefficient and torque 
ratio and wear amount of the whole bearing are analy-
zed. From the analysis results, it is found that the ove-
rall bearing temperature, environment temperature 
and torque change trends of SKF high-speed rail bea-
rings and ZH high-speed rail bearings are basically 
consistent. The temperature changes of the two 
brands of bearings are between -150°C and -170°C. 
And the friction coefficient is proportional to the ratio 
of torque. In the comparison of grinding amount, the 
wear amount of ZH bearings are far lower than that 
of SKF bearing, with a difference of about 0.5 mm. 
This shows that the production process and surface 
treatment methods of the two bearings are completely 
different. Thereby affecting the service life of high-
speed rail bearings.
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