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Fig.1 Structure of cicada’s wings
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Tab.1 Sectional parameters of the wings mm
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Fig.2 Proximal end and far end of cicada’s wings
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Fig.3 The finite element model of wings
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Fig.4 Calculation results in gliding state
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Tab.2 The maximum displacements of wings corresponding to different inner diameter of front,
far and middle nervure mm

T3 ik J 3 ik i) 37 ik

SR R RRAF CANES R S PNE LIS R RRALFE
0.050 26.118 0.005 0 26.035 0.012 50 25.469
0.200 26.129 0.020 0 26.051 0.025 00 25.496
0.300 26.176 0.030 0 26.112 0.037 50 25.612
0.400 26.310 0.040 0 26.277 0.050 00 25.930

0.8 0.500 26.635 0.08 0.050 0 26.635 0.1 0.062 50 26.635
0. 600 27.443 0.060 0 27.329 0.075 00 28.061
0.700 30.235 0.070 0 28.627 0.087 50 30.946
0.750 36.201 0.075 0 29.686 0.093 75 33.509
0.765 42.046 0.076 5 30.095 0.112 50 34.213
0.780 57.810 0.078 0 30.569 0.125 00 34.345
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Tab.3 Wings’ frequencies under different

mass coefficients Hz

i R A (VAL — B —Br =M
I 1 089.1 1640.1 2 3831.3
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pap 1105.3 1609.5 2949.7

I 1 008.2 1514.5 2 803.9

! o 1047.3 1 566.7 2 822.6
o 886.81 1431.1 2447.1

14 P 1 007.2 1514.2 2744.0

» oA 768.43 1308.7 1950.7
oA 853.74 1455.7 2556.0
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Structural Simulation Analysis of the Mechanical Properties of a Cicada’s Wings

XU He, YANG Yi, LEI Zhipeng

(School of Civil Engineering and Transportation, South China University of Technology, Guangzhou 510640, China)

Abstract; Based on vector tools and modeling software, this paper analyzed and summarized the structure
characteristics of cicada’s wings. And then the element Beam189 and element Shell93 were used to construct
finite element model which could reflect the main characteristics of cicada’s wings. The mechanical properties
of cicada’s wings in gliding state were simulated and analyzed. In that state, the whole structure of cicada’s
wings was found warping shape, and the maximum deformation and stress were close to the far nervure. With
the change of sectional size of all kinds of nervure in same ratio, comparative calculation was done to obtain
the maximum deformation of the corresponding cicada’s wings. The results showed that the increasing of ci-
cada’s wings’ deformation corresponding to three kind nervure were 121.3% .34.8% ,17.4% respectively,
so their contribution to the stiffness decreased. Among them, front nervure provided main stiffness for cicada’
s wings. With the change of the quality coefficient of reinforcement nervure, modal analysis was done to ana-
lyze the fundamental frequency changes which could prove suppression effect of reinforcement nervure on flut-
ter. When the quality coefficient of reinforcement nervure was 22, the fundamental frequency decreases about
30% .

Key words: cicada’s wing; structural simulation; numerical analysis; mechanical property; modal analysis



