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Research on wing structure def or mation for aerodynamic force
and inertial force of flapping-wing

ZHANG Yafeng, SONG Wen-ping; SONGBIi-feng, ZHANG Wei
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Northwestern Polytechnical University, Xi’an 710072 ,\ China)

Abstract : This paper explored the eff ect sof aerodynamic force and inertial force on the
structure deformation of wing by finite element.model. The-study indicates that the aerody-
namic force and inertial force are at-the samelevel. Theinertial force of wing has crucial in-
fluence'on the structure'deformation-of wing. The maximum deformation was produced by
aerodynamic force or ‘resultant force-when wing was located horizontally. The study of the
structure deformation provides a technical guide for desgn and optimization of flapping-wing.
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Fig.1 Wing model of flapping-wing
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Table 1 Lift digribution of every rib

Lot/ N
I'N I'N /N /N

T8 - .055 -0.13 -0.108 - 0:328

27/8 .025 0.026 093 0.184

3T/8 . 142 0.288 283 0.845

5T/8 .05 0. 101 .105 0.282

0 0 0
0 0 0
0 0 0
47/8 0.134 0. 112 0.153 0.188 0.587
0 0 0
6T/8 -0 0.025 -0.026 --0.093 - 0.185
7T/8 -0 0 0

AA38 -0.284 - 0.2803 - 0.826

T -0.138 -+0:114 -0.155 -0.19 - 0.597

T+H1534i IN

A (L T

4
Fig.4 Lift distribution of spanwise

2.2

5
Fig:5 Relationof angle acceleration of wing with
linear acceleration'of wing

Fopan = - _Miaipan
aigan = I XA x §rP (6)
70°, 8 Hz.
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Fig.6 Smulated model of wing
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Table 2 Variety of sertial force at different instantaneous flapping phase
T/ 8 2T/ 8 3T/8 47T/ 8 5T/8 6T/8 7T/8 T
() s 119643.4 56028.2 0 - 47400.7 - 89654.9 - 46071.6 0 70174.3
/ (rad/ &) 1723.4 885.6 0 - 765.7 -1286.9 - 728.7 0 1109.5
[ (rad &) 1179.1 414.6 0 313.2 890.2 340.0 0 518.8
25% 0.043 0.023 0 - 0.02 - 0.032 -0.019 0 0.027
50 % 0.129 0.067 0 -0.058 - 0.09, - 0.057 0 0.083
I'N 75 % 0.216 0.111 0 -0.096 -0.161 - 0.091 0 0.139
100 % 0.302 0.154 0 -0.134—-0.225. - 0.127 0 0.194
0.689 0.354 0 - 0.307 -0.515 | -'0.291 0 0.444
25% 0.029 0.011 0 0.008 0.023 0.009 0 0.013
50 % 0,088 0.031 0 0.024 0067 0.025 0 0.039
I'N 75 % 0. 147 0.052 0 0.039 0.112 0.042 0 0.065
100% 0. 207 0.073 0 0.055 0.156 0.06 0 0.091
0.471 0.166 0 0.125 0.356 0.136 0 0.208
3 T300
Table 3 Material performance of T300
Ew/ GPa Ew/ GPa Ex/ GPa Ex/ GPa G2/ GPa Vi /(g- cm™3)
136 111 9.0 9.5 4.9 0.316 1.5
4
Table 4 Sructure def ormation of wing
I'N
I'N /I'N / mm / mm / mm
T/8 0.328 0.689 0.361 -11.8 28.6 16.8
27/8 0.184 0.354 0.539 7.6 14.7 22.3
3T/8 0.845 0 0.845 29.6 29.6
47T/ 8 0.587 - 0.307 0.28 19 -12.7 6.3
5T/8 0.282 - 0.515 - 0.232 10.8 -21.4 - 10.6
6T/8 0.185 - 0.291 - 0.476 -7.6 -12.1 - 19.7
7T/8 0.826 0 - 0.826 -29.3 -29.3
T 0.597 0.444 - 0.153 -19.2 18.4 - 0.8
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Fig.7 Deormation of wing
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