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Abstract

This study develops a continuous-time Markovian degradation model for a 2-out-of-3 redundant system where the
actual health state of the components can only be assessed through periodic, error-prone inspections. All the
components degrade independently based on an identical distribution. Both Type-I and Type-II inspection errors are
possible. Furthermore, the maintenance actions can be imperfect, meaning that the repaired components can be in
states between 'as good as new' and 'as bad as old'. We propose a Markov Decision Process (MDP) approach to
optimize both the frequency of inspections and the selection of maintenance actions. We construct and evaluate
dynamic heuristic policies based on the observed system condition. The objective is to identify the best maintenance
strategy and the corresponding inspection schedule that jointly minimizes the expected limiting cost rate by balancing
inspection and maintenance expenditures against the system downtime cost. Through numerical analysis, we quantify
the value of applying redundancy-aware preventive maintenance policies when inspections are error-prone. We also
conduct numerical sensitivity analysis to demonstrate the effect of various maintenance parameters on the optimum
maintenance policy.
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