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Elucidation of the unstable flight mechanism of butterflies aiming at a
breakthrough in the development of micro air vehicles
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We investigated the flapping flight of butterflies to elucidate how
butterflies achieve their fast forward speed and skillful attitude control. We captured the motion
of a butterfly in take-off or in forward flight by using high speed cameras, and we obtained time
series data of its trajectory and joint angles. By using these data, we constructed a numerical
butterfly model which faithfully reflects the shape and movement of the actual butterfly. We
clarified the relationship between the motion and the aerodynamic and inertial forces through
coupling simulations of the butterfly model and ambient air by using the immersed boundary-lattice
Boltzmann method. In addition, we attempted some attitude control schemes by abdominal motion, phase

shift between fore- and hind-wings, and lead-lag motion of wings through simulations using a
simplified model, but the results had a large difference from the motion of an actual butterfly. A
realistic attitude control remains for future work.
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