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Optimization of an equal-cycle preventive maintenance strategy
considering fault differences

LI Xinlong', JIANG Shuai', CHEN Fafa', CHEN Baojia', ZHANG Genbao™
(1. Hubei Key Laboratory of Hydroelectric Machinery Design and Maintenance, China Three Gorges University,
Yichang, Hubei 443002, P. R. China; 2. State Key Laboratory of Mechanical Transmission, Chongqing University,
Chongqing 400044, P. R. China; 3. College of Mechanical Engineering, Chongqing University of Arts and
Sciences, Chongqing 402160, P. R. China)

Abstract: The equal-cycle preventive maintenance strategy is widely used due to its simplicity and ease of
implementation. However, existing optimization models typically adopt a coarse modeling granularity and rarely
account for fault differences, particularly the varying effects of preventive maintenance on different failure types.
To address these limitations, this study takes the meta-action unit as the basic research object and classifies unit
failures into damage failures and intrinsic fatigue failures, while explicitly considering the differing impacts of

preventive maintenance on these two failure types. A hybrid failure-rate model is used to characterize imperfect

Yo H #A:2023-07-01 M) #& AR B 8 :2024-01-22

BEE R : e KA A BHIT R 25 52 (2023RCKI008) 5 [ 5 [ AR 5 5 B B 20 [ (51835001)
Supported by China Three Gorges University Talent Research Launch Fund (2023RCKJ008), and National Natural
Science Foundation of China (551835001).

TEHF - 20 e (1993—) , 3 4 E 2B 4Bk 50046 5, (E-mail)xinlongl@163.com,

BISEE BRIETE B, 8 4% , (E-mail)chenfafa2005@126.com.



50 TR K F F IR % 49 %

maintenance effects, and an optimization model for an equal-cycle imperfect preventive maintenance strategy is
developed. Numerical analyses are performed to verify the effectiveness of the proposed model and to investigate
the influence of different maintenance cost structures on the optimal maintenance cost rate and maintenance
strategy. The results indicate that neglecting differences in preventive maintenance effects leads to an
underestimation of the maintenance cost rate of the meta-action unit, and that both maintenance cost types and the
proportion of failure modes have a significant impact on the determination of the optimal maintenance strategy.
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Fig. 1 Comparison of three imperfect maintenance effect models for repairable faults
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Fig. 2 Variation of the failure rate of the meta-action unit in an update cycle
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Fig.3 Flowchart of solving algorithm
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Fig. 5 Maintenance cost rate changes with the number of preventive maintenance
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Fig. 9 Influence of replacement cost ¢, changes on optimal maintenance cost rate and optimal maintenance strategy
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