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ABSTRACT: Traditional data—driven methods for remaining useful life (RUL) prediction often
adopt fixed function forms, which are difficult to characterize the current degradation trends of
weapons and equipment, consequently impacting subsequent spare parts ordering and replacement
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decisions. A joint decision—making framework for spare parts ordering and equipment replacement
based on a dynamically calibrated degradation model was proposed to address these problems.
First, an initial linear Wiener process—based degradation model was constructed using historical
degradation data to predict the future degradation trend of the equipment. An error model was es—
tablished based on the prediction errors, enabling the simultaneous dynamic calibration of both the
functional form and parameters of the degradation model. This model facilitated the derivation of
the functional distribution of RUL of equipment. Subsequently, based on the RUL prediction re-
sults obtained through dynamic calibration of the degradation model, using spare parts ordering
and equipment replacement time as decision variables, and under the constraint of equipment op-
eration reliability, a long—term expected cost rate function for joint decision—making of spare parts
ordering and equipment replacement was established. The optimal timing for spare parts ordering
and equipment replacement was determined by minimizing this cost rate function, and dynamica-
lly updating it with real-time prediction of RUL. Finally, the proposed method was applied to the
RUL prediction of lithium batteries and equipment health management, and a sensitivity analysis
was conducted to examine the impact of spare parts delivery time and predictive replacement cost
parameters that affect joint decision—-making results, validating the effectiveness of the proposed
dynamically calibrated degradation model-based RUL prediction method in joint decision-making
of spare parts ordering and equipment replacement.

KEYWORDS: prognostics and health management; remaining useful life prediction; model

calibration; first passage time; maintenance decision
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Table 3  Decision results of taking different values for the

delivery time (H) of spare parts during the 820th charge/

discharge cycle
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Table 4 Decision results of taking different values for the

predictive replacement costs (C,)
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