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Improvement of thrust and efficiency by controlling flapping and feathering motion pattern
in a penguin-mimetic wing mechanism
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Penguins are birds that can swim underwater by using flapping wings. They can perform versatile swimming such
as rapid acceleration and long-distance travel. Previous studies on underwater flapping motion have demonstrated that
thrust and swimming efficiency can be enhanced by controlling the frequency and amplitude of flapping and feathering
motions. However, these studies considered only sinusoidal flapping and feathering with phase difference of — n/2. In
this study, to explore the wing motion for high thrust and high propulsion efficiency, various waveforms of flapping
with different phase difference of feathering were investigated. A penguin-inspired wing mechanism capable of servo
control of flapping and feathering was used for thrust and efficiency measurements in a water tunnel. As a result, it is
found that both thrust and propulsive efficiency at high speed can be improved by angular deceleration in flapping and

smaller phase delay than 7/2 in feathering during each stroke.
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Fig1 Wing mechanism.
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Fig 2 Flapping patterns. (a) Sinusoidal pattern. (b)
Constant angular speed pattern. (c, d) Steps angular
deceleration and acceleration patterns. (e, f) Constant
angular deceleration and acceleration patterns.
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Fig3 Schematics of experimental setup. (a) Side view.
(b) Front view.
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Fig4 (a) Thrust. (b) Propulsion efficiency.
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