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Study on insect-based flapping-wing system driven by piezoelectric bimorph
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Abstract: On basis of the insect thorax-wing structure, a flapping - wing system consisting of the bi-
morph piezoelectric actuator, compliant mechanism, and bionic wing was presented. The principle of
bimorph piezoelectric actuator was introduced, and the kinematics of compliant four-link mechanism
was discussed. Using the quasi-state force theory, the output force at the insect-based wing for over-
coming the aerodynamic damping was studied. The simulation results are helpful to determine the mo-
tion of insect-based wings. At the same time, the design of bimorph actuators and compliant mecha-
nisms with optimal structure can improve the moving properties of flapping mechanism.
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Fig. 1 Cross section of thorax of insect
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Fig. 2 Thorax of insect from mechanical bionic view
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Fig. 3 Bionic flapping mechanism driven by bimorph
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Fig. 4 Bimorph
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Fig. 5 Compliant four link mechanism
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Fig. 6 Compound flexible hinge

o
(2]

lysin 0+, sin p=1[;sin ¢
lycos 41, cos p=1,F1;cos ¢ s (3)

0=10,+A0=
0,+0, . :
BB —1)? L EHE= (1)’
1 4 1 2 3 1 | 1 2 3
€os < m )<€<COS ( m >
(4)
(3)

cos¢p=(—A+B/1—A"+B")/(1+B")
cos o= (lzcos p+1,—licos D/l » (5)
SA= =201 cos 0+ 1 +15—15)/20; (1, —
licos @),
B=1l,sin 0/(l,—l,cos O,

4
L6
Ta s
, F,
/T _ =
F.= L, TL,° D
(D ,
:F,=F_cos ¢,
, F=W/2, w
F[}F
5



620 14
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Fig. 7 Rotational angle of biomorph
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Fig. 8 Output torque of biomorph
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Fig. 9 Range of flapping angle of bionic wing
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