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Establishing a Maintenance Model Considered both Time-based
and Conditional-base Degraded System with Application in Space
Power System

Chao-Hui Huang and Chun-Ho Wang

R.O.C. Naval Academy, Taiwan
CCIT, National Defense University, Taiwan

ABSTRACT

The construction of multi-state preventive maintenance (PM) models based
on the data-driven reliability models that incorporate time and condition
monitoring observations concerts with the contemporary development of devices.
The data-driven approach can more accurately evaluate the real devices
performances and enable engineers to conduct the prediction, control and
optimization regarding the reliability-related performances. This approach has
been widely used in broadening fields including space power, electricity and
energy storage systems, etc. which tend to present multi-state degraded
properties as a result of aging factors, environmental erosion and vibration
impacts. This study proposes a continuous-time Markov process based model to
find the optimal maintenance policy for a multi-state degraded system subject to
minimal repairs and negative repair effects. We will develop a bivariate
maintenance policy that considers both the operational age of the system and the
degradation level of the system as decision variables in our proposed
maintenance model. According to the bivariate maintenance policy, the system
undergoes a perfect maintenance at the Nth degraded operational state, or the
predetermined age T, whichever occurs first. The current study distinguishes
with others that the time-based and condition-based maintenance are integrated.
Moreover, the negative repair effects, such as unpredictable human error during
repair work and negative effects caused by propagated failures, were considered.
Analytical modeling of the maintained multi-state system cost was derived by
applying the renewal reward theorem. Numerical examples showed that the
expected cost rate on an infinite horizon can be minimized by a joint
optimization of the maintained operational state N and the predetermined age T.
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