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Under extreme environmental conditions, the failure mechanisms of motor systems often exhibit the coexistence of
degradation failures and sudden shock failures. Traditional reliability analysis methods based on a single failure mode can
no longer accurately characterize such complex failure behaviors. To address this issue, this paper proposes a motor
reliability assessment method based on competing failure modeling. Firstly, the lifetime data of motors operating under
extreme conditions, such as low temperatures and icing rain, are analyzed to establish the marginal distribution models of
degradation and shock failures, respectively. Then, the Copula function is introduced to describe the statistical
dependence between the two failure modes, and a degradation—shock competing failure model is constructed to
characterize the joint failure behavior of the motor system. Finally, based on simulation data, the model parameters are
estimated using the maximum likelihood estimation method, and the reliability variations under different environmental
stresses are evaluated. The results demonstrate that the proposed method can effectively capture the coupling effects
among multiple failure mechanisms of motors in extreme environments, significantly improving the accuracy and
applicability of reliability evaluation. This study provides a novel modeling approach and theoretical reference for the
reliability design and lifetime prediction of motor systems under complex service conditions.
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