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Dynamic Modeling and stability control of Folding Wing Aircraft

SONG Hui-xin"” , JIN Lei"
(College of Astronautics , Beihang University, Beijing 100191, China)

Abstract During the deformation process, the dynamic modeling of the folding-wing aircraft presents multi-rigid.
multi-degree of freedom and strong nonlinearity, and the parameters such as aerodynamics/torque, pressure center,
centroid and moment of inertia will also change greatly. seriously affecting Flight stability. This paper mainly study
the multi-rigid dynamics modeling and deformation stability control of the folding wing aircraft. The multi-rigid
dynamic model of the folding wing aircraft is established based on the Kane method with the additional force and
moment expressions. The functional relationship between aerodynamic parameters and the folding angel is
obtained by fitting the aerodynamic data. It is shown that the speed, height and pitch angle of the folding wing
aircraft are changed during deformation process by analyzing the longitudinal dynamic characteristics, and the
aircraft cannot maintain a stable flight. A stability control method is proposed for the deformation process of the
folding-wing aircraft based on the active disturbance rejection control theory. The nonlinear term, coupling term
and parameter time-varying term are regarded as the total internal and external disturbances in the longitudinal
nonlinear dynamic model of the folding-wing aircraft, using the extended state observer to estimate and compensate
the total disturbance in real time. The PD controller is proposed for compensated systems to realize decoupling
control of speed channel and height channel. The simulation results show that the stability controller based on the
active disturbance rejection control theory can solve the problems of strong nonlinearity and time-varying
parameters caused by aircraft deformation, and ensure the high-precision and stable control of the aircraft.

Key words: folding-wing aircraft, multi-rigid body dynamics modeling, extended state observer, stability
control
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