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Fig. 1 Trypoxylus dichotomus and its hind wings
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Fig.2 Macromorphology of hind wing of Trypoxylus dichotomus
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Table 1 Characteristic parameters of macroscopic
morphology of Trypoxylus dichotomus and
its hind wings

FHIESHL ML el FHE
1 2 3 4 5
/g 8.564 | 9.581 | 10.965 | 9.685 | 8.542 9.467+0.04
A/ mm 45.245 | 48.964 | 53.653 | 49.562 | 46.038 | 48.692+0.03
M 5E/mm 2853 | 29.64 | 30.59 | 30.14 | 2892 | 29.564+0.03
JE K /mm | 5623 | 57.26 | 62.54 | 59.61 | 55.46 | 58.22+0.05
JEGEE mm | 18.63 | 19.35 | 20.62 | 19.92 | 18.31 19.17£0.06
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Fig. 3 Microstructure of hind wing of Trypoxylus dichotomus
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Table 2 Morphological parameters of micromorphology of

hind wing
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Fig. 4 Micro fluid of hind wing
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Fig. 5 Nano-mechanical properties of hind wing
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Fig. 6 Finite element model of hind wing
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Fig. 7 Model HW-I modal analysis results
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Vibration Modal Characteristics Analysis of Bionic Flapping Wing Based on Hind
Wing of Beetle

Yan Yongwei, Sun Jiyu

Key Laboratory of Bionic Engineering of Ministry of Education, Jilin University, Changchun 130022, China

Abstract: The power of flapping-wing micro air vehicle (FWMAV) mainly comes from the high-frequency flapping of
the wing under low Reynolds number. Under the combined action of aerodynamic force, inertia force and elastic force
of wing, the deformation of wing structure will produce vibration and affect the dynamic stability of the micro air
vehicle. In order to solve the problem of flapping wing vibration characteristics, we obtaine the geometric morphology
parameters and wing vein structure of the hind wing of beetle, and find that there are fluid microflows in the leading
edge veins C and the secondary leading edge veins Sc of the hind wing. Based on the mechanical data of hind wing
materials, the mechanical coupling models of three different wing veins (solid, hollow, hollow + fluid) are established.
The modal vibration characteristics are analyzed by ANSYS, and results show that the hollow + fluid model can not
only obtain the axial and extensional deformation ability, but also keep the basic shape of the hind wing, and has
better dynamic stability in the range of flapping frequency.

Key Words: flapping wing; nanomechanics; micro fluid; finite element model; vibration modal analysis
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