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Abstract

Purpose: This paper presents an innovative model for the simultaneous optimization of redundancy allocation
and condition-based maintenance in series-parallel load-sharing systems. The primary objective of the model is
to determine the optimal level of redundancy to minimize costs while meeting system reliability constraints.
Methodology: In this research, stochastic dependencies among system components are modeled using the
proportional hazards model and tempered failure rates to assess reliability accurately. Additionally, transition
probability matrices are used to determine the optimal maintenance limits for each subsystem, and periodic
inspections are performed. The proposed model is solved using MATLAB, and its performance is evaluated
under four different scenarios: 1) a baseline model without redundancy or stochastic dependencies, 2)
redundancy allocation without stochastic dependencies, 3) stochastic dependencies without redundancy, and 4)
the proposed model.

Findings: The results show that the proposed model achieves an optimal balance between cost and reliability,
reducing both failure and maintenance costs. Compared to the vatious scenarios, the proposed model
demonstrates superior performance in optimizing costs and enhancing reliability. The findings also emphasize
the importance of simultaneously considering stochastic dependencies and redundancy allocation to improve
system performance.

Originality/Value: This research introduces a novel approach by simultaneously consideting stochastic
dependencies and redundancy allocation in series-parallel load-sharing systems. The proposed model
significantly improves system performance and reduces failure and maintenance costs. It underscores the
importance of integrating these two factors in optimizing complex engineering systems.

Keywords: Redundancy allocation, Condition-based maintenance, Series-parallel system, Reliability, Proportional hazards
model.
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Table 1- Comparison of key contributions and approaches in recent studies with the proposed study.
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Table 2- Transition probability matrices for the three states.
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Table 3- Input data for each component.
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Figure 1- System structure of the first case study.
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Table 4- Summary of output results for the first scenario model.
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Table 5- Optimal control limits for the first scenario model.
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Table 6- Summary of output results for the second scenario model.
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Table 7- Optimal control limits of the second scenario model.
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Table 6- Summary of output results for the third scenario model.
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Table 7- Optimal limits of the third scenario.
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Table 8- Summary of output results for the proposed model.
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Table 9- Optimal limits of the proposed model.
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Table 10- Comparison of statistical results of different
scenarios of the first case study.
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Figure 2- System structure of the second case study.
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Table 11- Optimal limits of the model for different scenarios of the second case study.
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Table 12- Comparison of statistical results of different scenarios of the second case study.
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