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Modeling and Control of Tilt-Rotor UAV Using Second-Order Sliding Mode Controller

Division of Mechatronics Engineering, Faculty of Mechanical Engineering, University of Tabriz,

S. M. R. Akrami Tabriz, Iran

M. Mohebbi Mirzanaq Divi;ion of Mechatronics Engineering, Faculty of Mechanical Engineering, University of Tabriz,
Tabriz, Iran

Abstract

In this study, a novel approach for controlling the attitude and position of a hybrid drone with three motors, each capable of tilting, in
vertical flight mode and fixed-wing mode (transition from vertical flight to cruise) is presented. The dynamic modeling of the drone
is performed using Newton-Euler equations, followed by the development of a robust second-order sliding mode controller for drone
flight control. Additionally, an optimal strategy based on the Lagrange method is employed to allocate control values to the rotor and
servo motor angular velocities, providing improved performance for motor and servo motor control. Simulation results demonstrate
that the proposed controller exhibits good tracking performance for control objectives and ensures stable flight in all flight modes.
Furthermore, comparison with a conventional second-order sliding mode controller reveals the superior performance of the proposed
approach.

Keywords: Tilt-rotor UAV, Hybrid UAV, Tri-Rotor UAV, Vertical Flight, second-order sliding mode control, Lagrange
optimization.
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