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Abstract: A reliability evaluation model of small samples and zero-failure life data was pro-
posed. The Bayes theory was used to construct a sampling function subjecting to the original
small samples. The:Bootstrap method was used to generate a large of random numbers subjecting
to the sampling function as augmented samples. Both of the original and augmented samples were
analyzed by the best linear invariant estimation method to obtain the two-parameter estimation val-
ue of Weibull distribution for reliability evaluation. The Monte-Carlo method was used to gener-

ate random numbers subjecting to the Weibull distribution. These random numbers were evaluat-
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ed by the model, the match distribution curve method and the existing Bayes theory respectively.

The results showed that the parameter estimates obtained by the model were closer to the

Weibull two-parameter true value than the existing Bayes theory and the match distribution curve

method. Meanwhile, the relative error of the estimated value of the shape parameter and the

scale parameter was less than 10% , indicating the feasibility of the model to analyze the small

sample of zero-failure data for reliability evaluation. The model was verified with examples in ref-

erence, and the results showed that the reliability evaluation obtained by the model was closer to

that used in actual engineering practice than the other two methods; moreover the model’s two-

sided reliability confidence interval length was smaller than the other two methods, effectively

improving the accuracy of reliability evaluation of small samples and zero-failure data .

Key words: small samples and zero-failure; reliability evaluation; Bayes theory;

Bootstrap method; confidence interval
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Table 4 ~Comparison results of reliability point estimation

Tiik

R(300)

R(600)

R(900)

R(1200)

R(1500)-R(1800) R(2100) R(2400) R(2700) R(3000)

ACHIA 0.9638 0.8772 0.0.7597 0.6282

FLAH 0.977 8 /0.9139

B AiMigesk 0.9577 0.8816
E-Bayes: 0.917/8. 0.7816

0.816 7~ 0.697 7
0.7901  0+692 6
0.6332, 0.4925

£ )2 Bayes7E 079202 0.7897 0.6475 0.5116

L4971°0.3771 0 0.2746  0.1921  0.1293  0.0837
0698 0.4449 0.3320 0.2369 0.1616 0.1054
.5955 0.5032 0.4185 0.3428 0.2770 0.2208
.3698  0.2689 0.1900 0.1306 0.0876 0.057 3
23915 0.2911 0.2109 0.1491 0.1031 0.0698
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Fig.3 Relative error of the point estimate of the model and

distribution curve method to the true value
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Table 5 Zero-failure test data of rolling bearings

ST BRI T, KRR, RS,
1 422 2 20
2 539 4 18
3 602 2 14
4 770 4 12
5 847 4 8
6 924 4 4

SCHR[12]50H 2 % c =5, # H] Bayes ¥ 115
WS B p=2.3205, p=3377, H B ¥ b
PR, B —E R TR, SCER(141R
Fic 43~ A7 i1 £ 3k %o % 5 B0 HE AT RS B AN L Al
IHMERL=1.84, n=>5043. A X458 H L E
Bayes ¥ \E-Bayes ¥ Fl A SCRE R 4 5 19 T 2K 4L
HOHE R AT TSR VEAS 4 3T R R AR Oy ik L
BRF 7, S A R AT XU B L, 2
W6 IR ARHE(3) Mo nLEE B dh 28 148 5
Pl 145 B 9 TR BE DA i 28 BT T X TG, 25 21
wmE 4R o

®6 SHAERGHNANSHE

Table 6 Two-parameter values obtained by five methods

LRES B 7
E-Bayes i 1.8730 2'819.1
£ 2 Bayes B 12910 8 2940.1
Fic 3 A 25 % 1. 840 5043
AR SRR 2.2762 3325.6

i L 6 R A 4 X L 45 SR AT A SRR i
3 1143 SRR 5 1k 8 /NP A T 2R BB P Ak
BT 1% 48 Bayes ¥k o Ho b A SO A e 43 A
I 2 3 6 XS B T b B I 0 B TR S
(8 SR (12051 58 05 3, ml & B g 4, o 4 30 Sk
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A3 M 2278 500 h 5 R B AT b A 25, 150 W] 7
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Fig.4 Comparison results of reliability curves calculated

by five methods
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Table 7 Comparison results of average length of two-sided confidence interval

WiRiS AR(200) AR(400) AR(600) AR(800) AR(1000) A
AR SRR 0.007 4 0.0353 0.086 3 0.1593 0.2499 0.107 6
SCER(12]07 % 0.007 0 0.034 3 0.085 3 0.1594 0.2522 0.107 6
JC 43 A 1 £ ik 0.0133 0.046 9 0.096 2 01575 0:2274 0.108 3
E-Bayes % 0.012 1 0.044 8 0.094 5 0.1579 0.2310 0.108 1
£ JZ Bayes ik 0.0127 0.0459 0.0954 0.1577 0.2291 0.108 2
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