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Reliability modeling method in presence of non-conjugate

distributions of random parameters

LU Xiang " , CHU Weihua, GAI Wen, CHEN Dan

(Facility Design and Instrumentation Institute, China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract; To obtain accurate product lifetime prediction results, random parameters which obey non-conjugate distributions were introduced to

describe the unit-to-unit variation of products in the reliability model. For long-life products with monotonic degradation, the reliability model was

proposed based on the Gamma process with non-conjugate distribution random parameters. Extending the traditional conjugate distribution of random

parameters to non-conjugate distribution, unified expression of life distribution function under different parameter distributions was derived, and the

lifetime prediction values were calculated by using the Monte Carlo method. Markov chain Monte Carlo method was adopted for parameter

estimation. The calculation algorithm for the likelihood function under different distributions and the selection criterion for the parameter distribution

were presented, and the effect of the distribution of random parameters on the product reliability was analyzed. The simulation test and the

application example show that this modeling method can select an appropriate distribution. Simultaneously, the accuracy of parameter estimation

and lifetime prediction of the method is validated.
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Tab.9 Parameter estimation values with the

Weibull distribution

B P 2.5% 97.5%
a 19. 34 15.48 23.67
B) 3.354 2. 409 4.467
y 27.57 21.5 34.63
p 1.418 1.368 1.469
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Fig.5 Probability density functions of random parameters for

aluminum alloy degradation process
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