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ABSTRACT: The work aims to achieve the comprehensive evaluation of product life in a Weibull distribution scenario through
conversion and fusion of different environmental data. Based on the Nelson assumption, a general formula for the conversion of
different environmental test data under a Weibull distribution scenario was constructed. The optimal linear unbiased estimation
method was used to evaluate the distribution parameters under different environments. The applicability of the optimal linear
unbiased estimation method was expanded by the I” function. Ultimately, the comprehensive evaluation of the converted and
fused environmental data was performed with the mean rank method and the expanded optimal linear unbiased estimation
method. Finally, with the time-censored test data of a product under different environments as an example, the Gehan-Wilcoxon

test method was used to quantitatively compare the data conversion effect. The results of the case data showed that according to
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the traditional method, the Gehan-Wilcoxon test statistic |Z| between the converted data obtained with only the ratio of the

Weibull distribution scale parameters as the conversion coefficient and the original data of the target environment was 0.880 3.

In contrast, the Gehan-Wilcoxon test statistic |Z] between the converted data obtained with the method proposed in this work and

the original data of the target environment was 0.344 5, indicating that the converted data obtained by the latter was more similar

to the original data of the target environment, demonstrating that the conversion effect of the method proposed in this work was

better. Under small sample scenarios, there will be certain differences in the estimation results of the shape parameters of dif-

ferent environmental test data. Using the general form of the data conversion relationship can reduce the impact of small sample

scenarios on the data conversion effect to a certain extent.

KEY WORDS: environmental data conversion; Weibull distribution; life evaluation; optimal linear unbiased estimation;

Gehan-Wilcoxon test; average rank method
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Tab.2 Calculation results of the BLUE coefficients for
environmental test data under Environment 1 and
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Vi | 58 2
P : . . :

D(n,r,i) C(n,r,i) D(n,r,i) C(n,r,i)
1 -0.026 08  —0.1406 0.0006317 -0.1153
2 -0.010 88  -0.143 7 0.014 32 -0.119 8
3 0.009 521 -0.134 0.030 46 -0.1142
4 0.034 84 -0.114 3 0.049 26 -0.100 6
5 0.065 84 —0.083 8 0.071 37 -0.078 5
6 0.104 1 —0.040 19 0.097 9 —0.046 03
7 0.822 7 0.656 5 0.130 7 0.000 884 4
8 / / 0.605 4 0.573 5

x3 ME1E5RE2HENGRHTFHER
Tab.3 Evaluation results of the environmental conversion
coefficients between Environment 1 and Environment 2

28 78| WEE 2
u 0.848 2 0.3465
o 0.062 76 0.112 4

8 0.867 9 0.892 5
N 2.335 4 1.414 2
m 13.829 3 7.940 8

K> 1.651 4

K 0.605 5

K»i(0) 4'=1.914 0xt,""?

Ki5(0) 1,'=0.322 8x ¢! 743

MIEFREEHT & RBOTE LR, W HIR AR T L
B R BRI & RS — RO U IR 3T 5 pR KL
B Ir8E 2 T AR B [ I8 1 AT IR, LAY SEER
B 1R AR . 7SS AEREE 1 R AR SR
AR I 4 FI5E 5,

2 BREIDH

MR 4 R S WITE LR P T LUE 3T
RBE — BRI 2 T A RIS Z BIAfAE—E 2 5,
MEAXF S R EAT L, ASCRA Gehan-Wilcoxon £
5 7 1 X AN [R) T 385 s P BT B R R A 7 5 PR o

2.1  Gehan-Wilcoxon #1877 %

Gehan-Wilcoxon K40 /7 i Al k46 2 28R EE
T A ] — SR BB 2 R BE (e 01)
5y, 0), i=1,2, =+, my, j=1,2, =, ny, Hx,; i
RSB EE, o MEIERE . B x; IR
PRI, DR o, BUE N 15 Y8HE x; AR AR,
WIXTIE 6, BUEA 00 ZEFIBIEE (e 615 (o 62)) 2
K A [ — EAK , Gehan-Wilcoxon K56 7 L 45 iU

TRV Ho S8R H . Hyo Hio

Ho: MFFAHR =0, £ R(ELET Ry(0);

H,: 118 0, ffifs R(H)>Ry(2);

H: f71E >0, ffifd Ri(6)<Rx(1);

Hsy: #1E 00, ffifs Ri(D)#R:(8);

HoAr, Rl(t)%ﬁ?ﬁﬁj(x”, 51;)%E‘é\1$ﬂgﬁji§@
B Roy(OFRINEE (o, 62) ITAE BV I P 55 B2 pRAR

WA, gt 2 A A A BE i KNE B
u(xy), HFRH 2 HEHRHGHEBNEBIRE . ),
=1,2; j=1,2, =,m ", BRTYEIIER X, 4h, B
BiE KT x; BRI BOR L 2T x, 1
BRI B E 6 Al T 2 AR EIE B ulx,)
ARG,

A u(e) G455, Gehan-Wilcoxon #5495 5 ik
Giigiita z, Hes (19) 5.
We

NG

R4 FRERHE1VHEERSHMEHITER
(ETLIEBIZEE)

Tab.4 Dataset and parameter estimation results under
Environment 1 after expansion (based on the scaling factor)
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Tab.5 Dataset and parameter estimation results under Envi-
ronment 1 after expansion (based on the general model)
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Tab.7 Evaluation results of data similarity based on different
discounting strategies
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