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Over-actuated systems, commonly found in applications like wind turbines, aircraft, vehicles, possess more actuators than
required to accomplish a given control task. Typically, a controller generates virtual control inputs that an allocator
distributes among actuators to achieve desired performance. Since multiple allocation solutions can fulfill the same
control objective, this redundancy can be further exploited to optimize secondary criteria beyond performance.

Despite this flexibility, actuators inevitably degrade overtime due to operational stress and environmental factors, leading
to reduced control performance and higher maintenance costs. Different allocation strategies yield distinct actuator usage
patterns, thereby influencing actuator degradation and maintenance burden. While existing control allocation studies
emphasize control performance, energy efficiency, or robustness, their integration within a maintenance framework
remains underexplored.

This paper addresses control allocation in stochastically deteriorating over-actuated systems to achieve both desired
performance and reduced maintenance costs. A stochastic model is first developed to capture the cumulative effects of
control inputs on actuator degradation. The degradation is linked to actuator performance through a loss-of-effectiveness
factor that characterizes the reduced capability to deliver the commanded output. Based on this model, a well-known
weighted least squares control allocation framework is extended by incorporating real-time degradation information into
an adaptive weighting matrix. The resulting degradation-aware allocation prioritizes healthier actuators while relieving the
load on more degraded ones. This dynamic redistribution of control effort actively manages actuator usage and reduces
maintenance costs. Its effectiveness is evaluated under a block replacement policy, where all actuators are replaced at
scheduled intervals, either preventively when still functional or correctively upon failure.

The proposed framework is validated on a three-valve water tank system under various degradation—effectiveness
mappings and maintenance cost settings. Numerical results show that the degradation-based allocation significantly
lowers maintenance costs and extends maintenance intervals compared to more conventional strategies with average or
effectiveness-based allocation.
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