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Abstract: A reliability assessment with incomplete performance degradation data under
small and non-failure samples was made. A data-based random number simulation method
proposed by Taylor and Thompson was used to complete the missing sample degradation da-
ta, the Bootstrap method was used to expand the sample size, and the reliability assessment
of the bearings was analyzed based on the degradation trajectory-based method. The vibra-
tion degradation of 7 groups of tested bearings was selected and analyzed under the condi-
tions of complete and incomplete performance degradation data, respectively. It was found
that the method proposed can obtain accurate reliability assessment and the absolute value
difference between two results was controlled within 0. 1. The above results were compared
with the results obtained by analyzing the lifetime data through the weighted E-Bayes meth-

od and the maximum likelihood estimation. It was found that the results obtained by the
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method were better, and the actual error was within 10% compared with the actual test, show-

ing positive practical significance for improving the evaluation accuracy and reducing the test cost.
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incomplete performance degradation data

2.2 HIEWIE

Xof i TR I M Bl i AT T S R A i i
02 5 L SCHR 19 ] BRI 8 1) e KRR R I [R) h
1200h, 4K H S HLEFE 3 4 1350 r/min, F# 5K 3
HL B HLEL N 13 r/min. iR B o 76 256 KA B
Jil R/ k400 N X B ARy, iR 5 R
Polytec pdv100 Jt I #4052 48 2% 18 1 9% 30
HPEEE S 2T A PLAL BT 2 BE AR 4R 3l B 1Y)
ARE . RAEFRIE T &R EER
A A B R 50mm/s, IR 7E 5 B F KA R i

() 1 R A 389 bR I sh R 3k ) 4 T 2K Ak 6 1
G H T R v A P AR A iR Bl R A AR

N T AR A /INREAR TE R R H A 4y
B B I OL T I A ROHE L A SO R 1 BT
613 h A 2R RLIN 1) P 2 o 5040 e 2% 4k 2L 52
SCHVES 2. 1 1 B M A 5 A BT Ak S Y B B A
AR AT EM AT R, 53R 1 bl 6130 158
A€V e O R S s S/l O
613 h1hy 52 B B4 3 2 SCilk [ 14-15 148 H R fk B
W KTk M SCRR 20 142 H 79 Monte-Carlo H B4
45 G B R 43 A1 1Y AT HE M 3 B (DDBMO) ¥ 3 17
43 H7 s DDMBC 2 9 iF W 76 /N B AR 56 F 1 e AR b
R B SE kA0 BT P A A A TEA ORI R
B F] A A ATy R 2 L g S B R 4
OB | 3 3 1 2R A s s BRRE AR 1.2 A S ) %)
Jei (R 4R Bl 3 A 8 o A 30 S IR 6 49 1 L A R 45
Rk 2 fros . 19 208U b H A5 R A H R
WISt F AT 50 ) R EOLLE bk A E) AR IR
P B A St 2R 19 100 P 3 3

HRAE K-S 45 56 3%  BUE 25 K 72 0. 05 B, il
it H A R A 2 B R 5 H =0 B, ROR
PR, H=1 i}, FZn & e k. 45 KR
AR Z A5 B AL R R R AL I RS IR S
G3Ai .

MRPE SRS 2.1 W 3R i ikl A
BILA Bh A A et 1) B I 3h 3 B A M A AR
JC A AR 50 T SO AR 1 A A AR B T SRR
AR MR LG S8, SCRRE21 48 L %
R IR IR Ak 08 T8 R AR M A TR N RO R 1 7
PG o I 2 W48 OB R T4 1 LA RO S oA 3¢
SR FH A8 B0k B0 UL R AR B R AL B . K AR
Pt SCR A 2.1 7 Oy AR S KRR AR B0 A X
(D T8 20, TR AR A B 220 6 1) 91 20 3 B A 0 fELAR
A (2) 3 (3) 15 2 & Hif 21 s B A 1) B 3l kB
R R DN 114 T 25 43 A o B5 1) 35 (8 )y 25 3l 5 4
R B A IR AR an =l (10 X AD P

PICD (10)
o(1;) = - 000TortL 187 (1)

H#3X(10) 2R A DA A () R A5 31 v] 5 4% il
L. BALHELE 5 vk & DDMBC % i 31 8 it
PR 25, P AT LA 3. R 3L H T 3 Fl
R0 S B FEATE 613 h BAE AR 5 K2R
RCIFIR] 1036 he iy A] 5 B fd Al R (o B X He 4
W R Formtm. B 2 45T 3 MR Tk
53 A5 B 1) R 1 2k PR E s .



%91 VU K A5 IR AT B R A TIC 2R R0/ IR AR Bl AR FT P T A 1981
F 1 FEESZMEHREEMSIK10E N E 6 R EEAE
Table 1 Effective value of vibration speed observed in a certain type of flexible bearing in reliability test
PR/ (mm/s)
i8] /b

A1 A 2 A3 A 4 A5

24 20.53 22.02 26. 39 23.02 23.93
66 26.74 23.37 27.90 24. 36 26.74
102 29.13 26. 85 27.91 27. 36 28.19
144 30. 40 28. 36 28.02 28.07 30.01
157 30.70 30. 39 29. 66 30. 65 30.70
186 31.15 30. 58 30. 77 30.78 31.06
218 32. 36 32.80 32.00 32.65 31.90
452 33. 64 35.13 36.00 36.99 36. 54
488 35.76 37.29 40.03 37.27 38. 39
527 36.43 37.47 40. 04 37.65 40. 70
558 38.45 38. 45 40. 94 37.69 40. 82
574 39. 67 40. 23 40. 97 38.09 41. 33
613 41. 54 41. 77 41. 37 39. 66 42. 46
1036 51.73

R2 ZLEFRET 613h HHE DS BR K B AR IR 3 E E
Table 2 Bearings’ incomplete vibration speed for the first 613 h after processing
PR3/ (mm/s)
A /h

A1 FEA 2 A3 A 4 A5

24 20.53 22.02 26.39 23.02 23.93
66 26.74 23. 37 27.90 24. 36 26.74
102 29.13 26. 85 27.91 27. 36 28.19
144 30. 40 28. 36 28.02 28.07 30.01
157 30.70 30. 39 29. 66 30. 65 30.70
186 31.15 30. 58 30. 77 30.78 31.06
218 32. 36 32. 80 32.00 32.65 31.90
452 33. 64 35.13 36.00 36.99 36. 54
488 35.76 37.29 40.03 37.27 38. 39
527 37.47 40. 04 37.65 40. 70
558 40. 94 37.69 40. 82
574 40. 97 38.09 41. 33
613 41. 37 39. 66 42. 46
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Table 4 4000h vibration test data of bearings
Alg

i8] /b
BA 1 A 2 A3 A 4 A5 A 6 A7
0 0.0300 0.0870 0.0841 0.1825 0.0020 0.1163 0.0916
130 0.1850 0.4940 0.1484 0.9687 1.0516 0.4674 0.1134
260 0.2220 0.2870 0.1658 1.1680 0.9137 0.6150 0.1468
390 0.2565 0.3088 0.1585 1.1959 1.2469 0.9492 0.1195
520 0.1704 0.2750 0.1643 0.6521 1.5600 0.9713 0.1579
650 0.1900 0.8104 0.1453 1.0110 1.2832 0.9844 0.1725
780 0.2189 0.6368 0.1583 0.8428 1.1030 0.9798 0.1807
910 0.2044 0.5421 0.1885 0.5057 1. 0055 0.8945 0.1894
1040 0.2244 0.6117 0.1466 0.5812 1. 2964 0.8736 0.1458
1170 0.2256 0.4064 0.1825 0.3686 1.3303 0.9058 0.1338
1300 0.2305 0.3780 0.3574 0.5547 1. 3688 0.9418 0.1433
4000 1.2549 1.0754

x5 HBEERMERPHERLFR
Table 5 Bearings’ failure conditions at the end of the test

ZH HA 1 A 2 A3 KA 4 BEAR 5 A 6 A7
R KA KA KA KA KA KRR AR
i 56 B[] /h 1313 2288 2472 2506 3382 4000 4000

x6 ZLERHIE 1300 h HIEIM S K NH AR EHE

Table 6 Effective value of bearings’ incomplete vibration values for the first 1300 h after processing

Alg

1] /h
FEA 1 FEA 2 HEA 3 FEA 4 FEA S FEA 6 AT
0 0.0300 0. 0870 0.0841 0.1825 0. 0020 0.1163 0.0916
130 0.1850 0. 4940 0.1484 0. 9687 1.0516 0. 4674 0.1134
260 0.2220 0.2870 0.1658 1.1680 0.9137 0.6150 0.1468
390 0.2565 0.3088 0.1585 1.1959 1.2469 0.9492 0.1195
520 0.1704 0.2750 0.1643 0.6521 1.5600 0.9713 0.1579
650 0.8104 0.1453 1.0110 1.2832 0. 9844 0.1725
780 0.6368 0.1583 0.8428 1.1030 0.9798 0.1807
910 0.1885 0. 5057 1.0055 0.8945 0.1894
1040 0.0841 0.1825 1.2964 0.8736 0.1458
1170 0.1825 0.3686 1.3303 0. 9058 0.1338
1300 0.3574 0.5547 1.3688 0.9418 0.1433
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Fig. 3 Comparison results of reliability curves for
different samples under different

calculation methods
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Table 7 Comparison of reliability point estimation for different sample sizes under different calculation methods
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Table 8 Bearings’ zero-failure lifetime data after processing for the first 2000 h
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Fig. 4 Comparison of reliability curves obtained by

analyzing zero-failure lifetime data and degradation

data by different analysis methods
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Table 9 Comparison of reliability estimation obtained by different analysis methods

AlEERE R(D)

MIRGIRIS
t=1000h t=2000h t=2500h t=3000h
PR R AR (58 42 R AT ) 0.9837 0.8245 0.6524 0.4417
AT R RBAEA 1~T) 0.9819 0.6853 0.4785 0.3183
JNAL E-Bayes 1 (Jo 2 3 & i) 0.8622 0.7402 0.6853 0.6343
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