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Modeling and verification technology of bearing multi-stress acceleration
model based on response surface method

HUANG Xiaokai, LIU Shouwen, HUANG Shouqing, YAO Zemin
(Beijing Institute of Spacecraft Environment Engineering, Beijing 100094, China)

Abstract; This paper addresses the scientific problems in bearing accelerated life test, such as lack of multi-stress
acceleration model, and not well understanding of failure law. Firstly, the interface micro failure mode and
mechanism of fluid lubricated bearing under environment of vacuum, temperature, preload, speed and microgravity
are analyzed. Secondly, the micro contact uniform lubrication model considering multi-stress comprehensive working
mechanism is derivated and established, and the numerical solution method based on improved Newton Raphson
method is proposed. Thirdly, the orthogonal simulation scheme with 5 factors and 5 levels orthogonal table is
designed, the bearing failure law in the work of vacuum, temperature, preload, speed and microgravity is simulated
and analyzed, and the failure response value of micro contact surface film thickness, pressure peak, friction factor,
maximum undersurface stress which changes with the stress level and contact region dimension is obtained. Finally,
the multi-stress acceleration model about vacuum, temperature, preload, speed and microgravity based on response
surface method has been established, which is verified by a test of actual engineering example.
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Tab.1 Vacuum failure mode and mechanism
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Tab.2 Temperature failure mode and mechanism
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Tab.3 Preload failure mode and mechanism
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Tab.4 Speed failure mode and mechanism
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Tab.5 Microgravity failure mode and mechanism
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Fig.1 Surface roughness of contact area
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Fig.2 Numerical calculation algorithm
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Tab.6  Simulation object and parameter
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Tab.7  Orthogonal matrixprogram and simulation result

1 2 3 4 5 1 B4 5%
s Mo g W%, R mEdy (2% By KT
Pa € N (remin')  pm pm MPa A 1% 71/ MPa
1 1073 -20 35 1 1 0.005 862 7 1098.407 6  0.033 694 46  709.431 65
2 107 20 60 10 2 0.005 588 13047396  0.032 11967 1 005.086 1
3 1073 40 80 102 3 0.025 138 3 1430.4388  0.030 078 56 1207.919 1
4 1073 60 100 10° 4 0.091 381 4 1531.8132  0.031 53793  1390.3926
5 1073 80 120 6x103 5 0.251 220 7 1613.714 1 0.032 210 87 1 550.784 9
6 102 -20 60 102 4 0.158 742 8 1292.961 4  0.027 656 41 996.151 42
7 102 20 80 10 5 0.178 654 5 1417.833 0.029 734 41 1 197.068
8 107 40 100 6x10° 1 0.329 925 1 1531.5877  0.030 601 69 1355.127
9 102 60 120 1 2 0 16289157  0.24991759  1655.080 8
10 102 80 35 10 3 0.001 135 8 1305.8426  0.036 440 74 1 003.786 2
11 10° -20 80 6x10° 2 1.565 786 8 1968.604 4  0.025 848 73 1 249.906 2
12 103 20 100 1 3 0 1538.3184  0.230 02296  1472.8153
13 10° 40 120 10 4 0.001 783 6 1627.04 0.041 03896  1561.5105
14 10° 60 35 10 5 0.019 028 5 1092.1672  0.023 146 71 710.268 85
15 10° 80 60 103 1 0.069 159 6 1325.644 7 0.027 694 9 1 002.654
16 10* -20 100 10 5 0.029 650 7 1426.766 1  0.030 130 91 1 207.163 2
17 10* 20 120 102 1 0.032 546 1 1634.4556  0.032 990 17 1 565.763
18 10* 40 35 103 2 0.130 860 8 1088.8903  0.023 19692  706.491 79
19 104 60 60 6x10° 3 0.305 357 4 1289.3463  0.027 297 45 994.557
20 104 80 80 1 4 0 1429.2443  0.024 996 165 1 276.691 9
21 10° -20 120 10° 3 0.657 878 4 1 645.613 0.032 069 53 1 546.136 2
22 10° 20 35 6x10° 4 0.538 689 5 1163.1584  0.02221907  697.372 18
23 10° 40 60 1 5 0 1306.600 1  0.230 006 13 1 064.184
24 10° 60 80 10 1 0.002 656 5 14327044  0.041 63325  1206.770 9
25 10° 80 100 10? 2 0.011 603 1 1 625.719 0.033 087 68  1565.079 5
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Tab.8 Range value ofeach stress type

N3 IR FEJTWEME BEEREL ROR R RN
HZE 0831636 683.0721  0.235739  456.546 5
W 2.084802  457.4057  0.224 133 690.207 8
WSS 1309676  2401.272  0.249 529 4 051.925
e 2985117 564.9248  0.630459  335.461 1
MES  1.273689  759.788 5  0.216 722 495.744 8
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Fig.3 Sensitive degree of failure response value with each stress type
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Tab.9  Check result of second order response surface model
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Tab.10  Step stress acceleration test scheme
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Fig.4 Bearing acceleration test device
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