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Abstract

Tilt trirotor unmanned aerial vehicles (TTRUAVSs) exhibit greater vulnerability to actuator failures
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compared to conventional multi-rotor UAVs due to their unique aerodynamic configuration and
complex tilt servo mechanisms. To address the attitude control problem caused by tilt servo mech-
anism failures in vertical take-off and landing (VTOL) flight mode, this paper proposes a passive
fault-tolerant attitude control method based on fast nonsingular terminal sliding mode (FNTISM).
An integral term is introduced into the fast nonsingular terminal sliding mode control to eliminate
the steady-state tracking error induced by tilt servo jamming failures. Meanwhile, unit quaternion
is employed to describe the attitude kinematics, avoiding the gimbal lock problem associated with
Euler angle representation during large-angle maneuvers. Based on Lyapunov stability theory, itis
proven that the designed controller can guarantee finite-time convergence of the attitude tracking
error to zero. Simulation results demonstrate that, under tilt servo jamming failure conditions, the
proposed FNTISM controller achieves superior control performance with faster convergence speed,
smaller overshoot, and zero steady-state error compared to conventional sliding mode control (SMC)
and fast nonsingular terminal sliding mode control (FNTSM), significantly enhancing the robustness
of tilt-rotor UAVs under failure scenarios.
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Figure 1. Definition of the body frame and the navigation frame
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Table 1. Controller parameters
%= 1 EHISESH

AP 4 ¢ 0 y
aa 8.4 8.4 8.4
al 8.8 8.8 8.8
a2 125 125 125

ENTISM a3 18 18 18
a4 15 15 15
po 4.2 4.2 4.2
Bl 0.1 0.1 0.1
D 0.032 0.032 0.032
B 1.3 1.3 13
A 0.16 0.16 0.16

FNTSM p 0.6 0.6 0.6
k1 1.2 1.2 1.2
k2 10 10 10
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Figure 2. Hovering with the servo mechanism stuck at 10°
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Figure 3. Step tracking response of the servo mechanism stuck at 0°
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