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Abstract: In order to efficiently and precisely analyze contact fatigue reliability of high
speed four-point contact ball bearing, an effective reliability analysis method was proposed
by combination with MC-SFEM (stochastic finite element method based on Monte Carlo)
and stress-strength interference theory. Under the complex working condition of high speed,
high temperature and EHL (elastohydrodynamic lubrication) , the finite element model based
on the thermal-structure coupling analysis was established by using the FEM (finite element
method). Considering the influence of the stochastic performance of material parameters, lu-
bricant parameters and contact fatigue strength factors on the reliability, under the premise
that the distribution type of contact stress of high-speed four-point contact ball bearing was

determined by means of the MC-SFEM and the K-S (Kolmogorov-Smirnov) method, contact
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fatigue reliability assessment method of high speed four-point contact ball bearing was estab-

lished based on stress-strength interference theory. Result showed that, compared with the

traditional MC-SFEM method, the consuming time of the proposed method only accounted

for about 0. 243% of the traditional method, and the error between the above two methods

was only 1.48% , validating the efficiency of the proposed method.
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Fig. 1 Structure diagram of helicopter main reducer
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Fig. 2 Structure of four-point contact ball bearing
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Fig. 3 FE model of four-point contact ball bearing
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Fig. 4 Heat convection boundary conditions of bearing
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Fig. 5 Boundary conditions of integrated analysis
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Table 1 Stochastic parameters and distribution types

ZH Gy A KR ¥ R
n/(r/min) ES 12000 0.03
C/(W/(m+ T ER 44.0 0.01
o/ (kg/m*) EZ 7830 0.05
E/GPa EE 216 0.03
A EX 0. 30 0.03
L/107°(1/°C) EA 12.03 0.01
v/ (mm®/s) IEA 4.11 0.01
K./(W/(m+ C)) EA 0.139 0.01
K, EZ 1.53 0.02
€ EX 0.92 0.01
B EA 0.92 0. 01
o-1/MPa E2 3907. 4 0.1
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finite element method
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Table 2 Stochastic test data and data processing

oo G—1) i

2 J/MPa F,(x) . - m;

1 2668.64 0.014457 0 0.0333 0.018843
2 2850.02 0.072929 0.0333 0.0667 0.039629
3 2890.7 0.098436 0.0667 0.1000 0.031736
4 2943.54 0.14057 0.1000 0.1333 0.04057
5 2950.21 0.14665 0.1333 0.1667 0.02005
6 2992.12 0.18885 0.1667 0.2000 0.02215
7 3033.32 0.23692 0.2000 0.2333 0.03692
8 3043.94 0.25032 0.2333 0.2667 0.01702
9 3059.99 0.27131 0.2667 0.3000 0.02869
10 3078.77 0.29693 0.3000 0.3333 0.03637
11 3091.58 0.31502 .0.3333 0.3667 0.05168
12 3095.53 0.3207 0.3667 0.4000 0.0793
13 3134.95 0.37941 0.4000 0.4333 0.05389
14 3159.28 0.4172 0.4333 0.4667 0.0495
15 3161.25 0.4203 0.4667 0.5000 0.0797
16 3162.51 0.42228 0.5000 0.5333 0.11102
17 3176.44 0.44434 0.5333 0.5667 0.12236
18 3262.53 0.58187 0.5667 0.6000 0.01813
19 3286.15 0.61859 0.6000 0.6333 0.01859
20 3322.79 0.6734 0.6333 0.6667 0.0401
21 3346.21 0.70665 0.6667 0.7000 0.03995
22 3386.36 0.75969 0.7000 0.7333 0.05969
23 3416.95 0.7963 0.7333 0.7667 0.063
24 3431.36 0.81232 0.7667 0.8000 0.04562
25 3511.44 0.88666 0.8000 0.8333 0.08666
26 3511.62 0.8868 0.8333 0.8667 0.0535
27 3519.53 0.89279 0.8667 0.9000 0.02609
28 3588.94 0.93587 0.9000 0.9333 0.03587
29 3595.04 0.93889 0.9333 0.9667 0.02781
30 3664.11 0.9659 0.9667 1.0000 0.0341
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Table 3 Comparison between two different methods
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