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Flexible flapping mechanism inspired from the musculoskeletal system of insect
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Insects flap their flexible wings using their flexible musculoskeletal
system in the thorax, unlike human-made aerial systems, called drones. In order to design highly
efficient and robust bio-inspired drones, the effects of the flexibility in the wings and the thorax

of insects on the aerodynamic performance and gust response were investigated by incorporating a
simplified musculoskeletal model into our theoretical, numerical and experimental models. Through
the comprehensive analyses, the flexible thorax was found to reduce the power consumption by the
resonance, but reduce the stability under the gust by the passive alterations of the wing
kinematics. However, the combination with flexible wings was found to mitigate the gust response
passively without sacrificing efficiency. These results point out the importance of mechanical
feedback through the fluid-structure interaction between the flexible mechanisms and the unsteady
aerodynamics of flapping wings for the design of drones.
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