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Control Oriented Modeling and Singular Perturbation Analysis in Flapping-wing Flight

QIAN Chen? FANG Yong-Chun"? LI You-Peng"?

Abstract In view of the periodicity and the time scale difference in flapping flight, as well as the practical prob-
lems in the control of flapping flight, a singular perturbation theory based system stability analysis method for peri-
odic flapping-wing motions is proposed in this paper. Firstly, a multi-rigid body model of flapping wing vehicle is es-
tablished, which paves the way for the singular perturbation analysis of flapping wing dynamics. Secondly, the multi
rigid body model is simplified, and the core problem of flapping wing flight dynamics is abstracted. By using the
singular perturbation theory, the stability of flapping wing flight periodic orbit is analyzed, and its superiority com-
pared with other methods is discussed. Finally, the experiments of real flight are conducted in the self-made four de-
grees of freedom flapping wing aircraft, which verify the effectiveness of the proposed method.
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Fig.4  The schematic for the 4-DoF flapping wing
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characteristics of the torque with the deflection angle of
—0.3 limit angle; (c) Statistical characteristics of the
torque with the deflection angle of 0.3 limit angle)
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