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Abstract

In this work, a reliability-oriented design framework is proposed for the
attitude control subsystem of a flexible satellite subjected to stochastic
actuator degradation and failure. The study begins by formulating a
high-fidelity dynamic model of the satellite that explicitly accounts for
structural flexibility and external environmental disturbances. Random
uncertainties influencing actuator effectiveness are modeled
probabilistically and injected into the system dynamics. A fault-tolerant
control architecture based on sliding mode control is implemented,
where a redundant actuation scheme consisting of multiple reaction
wheels and auxiliary thrusters is employed to maintain attitude stability
under adverse conditions. The behavior of the subsystem is evaluated
across a comprehensive set of failure patterns generated through
combinatorial probability analysis. To ensure statistical robustness,
each fault configuration is simulated repeatedly using randomized
sampling techniques. Due to the extensive volume of simulation
outcomes, a data-driven predictive framework is developed to estimate
subsystem survivability as a function of failure severity and
distribution. This framework enables rapid assessment of control
success without requiring exhaustive re-simulation. Finally, system-
level reliability is quantified using an advanced modeling strategy
suitable for highly interconnected subsystems, allowing informed
decisions regarding the integration of actuators with no prior
operational heritage into future satellite missions.
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