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Dynamic Modeling and Flight Performance Analysis for Large Bionic
Ornithopters Considering Structural Flexibility
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(1. School of Mechanical Engineering and Automation, Harbin Institute of Technology (Shenzhen), Shenzhen 518055,
China; 2. Guangdong Key Laboratory of Intelligent Morphing Mechanisms and Adaptive Robotics, Shenzhen 518055, China)

Abstract: The flapping wing of large bionic ornithopters (LBOs) has obvious flexible deformation during the
flapping motion, which is difficult for aerodynamic analysis. The deformation is not only affected by the
flapping motion, but also related to the body motion of LBOs. This paper establishes a three-dimensional
aeroelastic model of the wings of LBOs by coupling the finite element method and the finite state aerodynamic
method, and combines the multi-body dynamics model established by the Kane equation method to build the
flight dynamics model of LBOs. This model considers the influence of the flexible wing deformation and the
body motion during the flapping process of LBOs, and can calculate the position and attitude of LBOs during
forward flight. The flight states of LBOs during forward flight are computed by this model and compared with
actual flight experiment data. The results show that the model can simulate the flight state of LBOs well,
verifying the model’s accuracy.
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Table 1 Main specification of HIT-Hawk
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Fig.1 Three-dimensional module diagram of HIT-Hawk
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Fig.2 Finite state aerodynamic loads calculation model
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