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Elucidation of the different wing shapes and flight characteristics of
butterflies among species
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We analyzed the flight characteristics of butterflies of the Papilionidae
family, which excels in turning and acceleration, and the Nymphalidae family, which excels in
long-distance flight. We also performed numerical fluid dynamics analysis on the 3D models of each
butterfly"s wings. In addition, we developed a 1.8 g butterfly-style flapping robot that can fly
freely and analyze flight motion using each butterfly®s wing model.

Our findings revealed that the wing shape of the Nymphalidae family demonstrated a higher lift-drag
ratio, indicating its efficiency in flight. On the other hand, the Papilionidae family"s wing shape
exhibited a larger amplitude of up-and-down movement during free flight, suggesting its agility in
maneuvering. These results indicate that the wing shape of the Papilionidae family is more easily
raised during flight and that the wing shape of the Nymphalidae family is superior for flying at low
frequencies with less vertical movement.
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