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Prediction Method for Remaining Useful Life of Standby
Systems Considering Degradation of Spare Parts
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(Zhijian Laboratory, Rocket Force University of Engineering, Xi’an 710025, China)

Abstract: To address the challenge of predicting the actual operational life of a standby system,
comprising operating equipment and spare parts, due to the degradation or failure of spare parts
under non-ideal storage conditions, a method for estimating the residual useful life of standby
systems while considering spare part degradation is proposed. Stochastic degradation models for
the system under both operational and storage conditions are developed using Wiener processes.
Individual differences in system degradation are accounted for through stochastic utility, enabling
the derivation of the time-varying degradation state distribution of spare parts and failure
probabilities. By integrating degradation models for operational and storage conditions, an
iterative approach for determining the distribution of the system’s residual useful life concerning
the first reach time is established. An offline parameter identification and online updating

strategy, employing maximum likelihood estimation and Bayesian theory, are introduced.
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Experimental validation is performed utilizing numerical simulations and empirical data from a

specific model gyroscope. The experimental results reveal that the expected theoretical values of

residual useful life generated by the proposed method closely align with numerical simulations,

with an average relative error of 0. 030 3 h between theoretical and approximate values, validating

the method’ s theoretical accuracy. Moreover, the impact of spare part degradation on residual

useful life predictions is effectively assessed by the method. with an average root mean square

error of 37. 645 3 h between predicted and actual residual useful life achieved, representing a

reduction of 1.004 h compared to approaches neglecting stochastic utility and significantly

enhancing prediction accuracy. A robust means of forecasting the residual useful life of standby

systems is offered by this method.
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