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Design of an ornithopter with multisection flexible morphing wings
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Abstract: The multisection flexible morphing wings-mimic the complex movement of
seagull’s flapping wings. By observing movement periods of seagull’s flapping wings, a new
flapping-wing-model including fold, torsions-flexible morphing and slowly beating up and
down was built. In order to ‘provide the design of this ornithopter with a theoretical basis,
the quasi-steady method was applied to calculate aerodynamic force. The three-dimensional
model and motion simulation were built in CATIA and 3DMAX, and an ornithopter with
multisection flexible morphing wing was built for flight test. Flying attitudes including level
flight, climbing and yawing were studied, and test results including lift and thrust agree
with the calculation. Compared with conventional ornithopters, the ornithopter with multi-
section flexible morphing wing can fly while flapping with a low frequency, and adjusting the

shape of flapping wings.
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Fig.1 Traditional bird-like micro air vehicle (MAV)

with single section flapping wings
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Fig. 2 Variation of seagull’s wings during one

flapping cycle
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Fig. 3 Tllustration of the folding angle in seagull wing
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Fig. 4 Platform of seagull wing
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Fig. 5 Diagram of the mechanical kinematics of the

multisection flexible morphing wing
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Fig. 6 Wing position in a flapping cycle
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Fig. 7 Shape of the multisection flexible

morphing wing
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Fig. 8 Airfoil of the multisection flexible

morphing wing
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Fig. 9 Aerodynamic coefficient curves of the airfoil
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Fig. 10 Time history of flapping angle during one
flapping cycle
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Fig. 11 Time history of lift during one flapping-cycle
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Fig. 12 Time history of thrust during one flapping cycle
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Table 1 Parameter of this ornithopter

f/Hz G/N L/N D/N T/N

2 3. 85 3. 85 0.16 0.16
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Fig. 15 Motion simulation at different fold degrees
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morphing wing
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Fig. 17 Ornithopter sustains level flight in the indoor

flight test
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outdoor flight test
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