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Abstract: Aimed at the decision-making problem of condition-based maintenance and spare parts ordering
for systems with multiple dependent degradation processes, an optimization model of system maintenance
and spare parts ordering policy is developed under the condition of continuously monitoring. First, the
Gamma process and Copula function are used to develop the system multivariate degradation model. Then,
the system maintenance and spare parts ordering policy based on the control limit strategy is proposed.
Considering the influence of system degradation on maintenance cost, the analytical expression of the
expected maintenance cost rate under long-term operation conditions is obtained. At the same time, an
approximate expression of the expected maintenance cost rate is proposed to simplify the model calculation.
The optimal preventive replacement threshold and spare parts ordering threshold of the system are
obtained by using the artificial bee colony algorithm under the cost criterion. The case analysis shows that
it is necessary to consider degradation in maintenance decision-making. Compared with the existing policy,

the comprehensive optimization of preventive replacement and spare parts ordering thresholds can
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effectively reduce the maintenance cost of the system.

Key words: maintenance decision; spare parts ordering; multivariate degradation process; dependent deg-

radation; condition monitoring
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Fig.1 System degradation and renew process
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Fig. 2 Different maintenance opportunities of the system
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Tab.3 Comparison of analytical results and MC simulations
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w0 Qu, +Qu,) 4 Zh HAF X[
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(4,3,6,5) 10. 07 10. 02 [9.64,10.40]
(3,3.8,8) 10. 34 10. 27 [9.76,10.77]

2 (2,2,3,3) 10. 66 10. 61 [9.88.,11.34]

(3,2.5.5,5) 9.69 9.67 [9.13,10.21]
(3,3,7.6) 9.58 9.52 [9.04,10.01]
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Tab. 4 Optimal system maintenance and spare parts ordering policy

- 0 1 0 2
e fes e
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Tab.5 Optimal system maintenance and spare parts ordering policies at different ¢ values
E 4 2
0
Q4 Q4, Qur, Qu, bes Q4, Q4, Qur, Qu, bes
0 5. 96 . 96 8.53 8.53 9.103 7.18 5.20 8.31 6.83 9. 006
0.5 6.07 6.07 8.19 8.19 8.996 6.07 5. 44 8.07 6.59 8.763
0.7 5.92 5.92 8.03 8.03 8.922 6.07 5.35 7.96 6.50 8. 649
0.9 5. 14 5. 14 7.82 7.82 8.643 6.27 4.91 7.84 6.39 8.491
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