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Fault—Tolerant Tube—MPC Control of Flexible Hypersonic Vehicle Under
State-Dependent Saturation

Mi Hanpeng', Hu Chaofang', Yang Xiaohe', Hu Yongtai’
1. Tianjin University, Tianjin 300072, China

2. Aviation Key Laboratory of Science and Technology on Aircraft Control, AVIC Xi’ an Flight Automatic Control
Research Institute, Xi’an 710065, China

Abstract: An adjustable Tube-model predictive control (Tube-MPC) fault-tolerant control method is proposed for the
flexible hypersonic vehicle with state-dependent input saturation resulted from feedback linearization by considering
actuator loss of efficiency fault or random drift fault and parameter uncertainty. Firstly, based on the polytopic linear
parameter varying model by feedback linearization, taking the conservatism problem under partial fault into account,
the adjustable factor is introduced into the traditional Tube-MPC controller. The robust positive invariant set is
reduced in equal proportion to balance the control performance and robustness. Then, based on the reduced invariant
set, the auxiliary robust control law and nominal control law are designed respectively. In order to deal with virtual
input saturation, the nominal control law is developed as a convex combination of unconstrained and constrained
control. Simultaneously, the actual input constraints are transformed into the linear polynomial constraints of virtual
inputs being related to the flight states. The SOS technique is used to transform the polynomial constraints into linear
matrix inequality constraints to calculate the control law. Finally, simulation results verify the effectiveness of the
proposed control method.
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