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Combined experiment and numerical modeling approach
for the composite material wing and aeroelastic analysis

Xu Wei' Cao Yuyan' Hao Liang' Wang Zhichen' Guan Yongliang
( 1.Changchun Institute of Optics Fine Mechanics and Physics Chinese Academy of Sciences Changchun 130033  China;
2.Chang Guang Satellite Technology Co. Lid. Changchun 130052 China)

Abstract: Aiming at the accuracy problem caused by the discreteness of composite materials in the dynamics modeling of the wing
structure and the influence of the solution speed on the aeroelastic calculation rate of the wing a method of establishing the dynamic
model through combining the modal test and modal method is proposed. In order to improve the solution speed the wing modal is
truncated based on the modal contribution then the static load numerical calculation and experiment verification for full modal and modal
truncation were carried out. Comparing the results of the reduced modal solution and full modal solution the error of the solution results
is only about 0.25% and the maximum error of the reduced modal solution is only 6.0% of the test result. The result shows that the
experiment-numerical modeling method can accurately describe the dynamic response of the composite material wing. The modal
truncation based on the modal contribution can reduce the model and greatly improve the solution speed without affecting the solution
accuracy. The static and dynamic aeroelastic analyses of the wing were carried out. The analysis results show that the aeroelasticity has an
unnegligible effect on the dynamic response of the wing.
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Fig.2 The wing modal test
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Fig.3 The sensor layout in the modal test
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Fig.4 The FRF calculation result at point 4
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Table 1 The natural frequencies for the first 20 modals

/Hz /Hz
1 32.00 11 361.72
2 101. 74 12 375.10
3 114. 00 13 380. 63
4 127. 81 14 404. 21
5 201. 48 15 415.83
6 256.73 16 425. 68
7 292. 19 17 436. 47
8 299. 89 18 464. 74
9 336. 66 19 480. 44
10 342.50 20 496. 82
mode 1 mode 2 mode 3 mode 4
I ¥ NI WG
mode 5 mode 6 mode 7 mode 8
mode 9 mode 10 mode 11 mode 12
\/\/ \/\
mode 13 mode 14 mode 15 mode 16
mode 17 mode 18 mode 19 mode 20
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Fig.5 The modal shapes of the composite material wing
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Fig.6  The displacement curve of the wingtip
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Fig.7 The deformation curve of the wing
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Table 2 Wingtip displacement results under different loads
/mm /mm
1 0.054 2 11 6.5537
2 0.216 6 12 7.779 4
3 0.487 4 13 9.1535
4 0. 866 6 14 10. 616 0
5 1.354 0 15 12.187 0
6 1.949 8 16 13.866 0
7 2.6539 17 15.653 0
8 3.466 4 18 17.549 0
9 4.387 1 19 19.552 0
10 5.416 2 20 21.665 0
20 8 o
4.2
(29)
20 9 o
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Table 3 The displacement of the wingtip for the
201 reduced model
£ 15 /mm /mm
E
R 1 0.054 3 11 6.570 0
ot 5
0.217 2 12 728 189
st 3 0.488 7 13 9.176 3
—— 4 0.868 7 14 10.642 0
200 400 600 800 1000 1200 1400 1600 5 1.357 4 15 12.2170
R /mm 6 1.954 7 16 13.900 0
8 7 2.660 6 17 15.692 0
Fig.8 Wing deformation curves under different loads
8 3.4750 18 17.592 0
9 4.398 1 19 19.601 0
100 -
10 5.429 8 20 21.719 0
B o
Eg 105 +
& 10 o
10*10
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Fig.9 Modal contribution-number of modal orders

curve of the wing

1 142358168-920-71017-11-
1914-18-15-13-12,
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° Fig.10 The static load test of the wing
2 ModalContributon,
Ratio = i (30)
2 ModalContributon, o
1
Ratio, ., 99.41% 1.4.2 >4 N 1080 N 6
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Table 4 The displacement result of the wingtip
/mm /mm
1 0.05 11 6.61
2 0.20 12 7.76
3 0.51 13 9.23
4 0.85 14 11.20
5 1.32 15 11.53
6 1.92 16 14.51
7 2.63 17 14. 89
8 3.51 18 18.02
9 4.30 19 19. 15
10 5.50 20 22.40
4.4
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—O— &t o
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Fig.12 The comparison of the wing deformation results
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Table 5 The comparison of the wingtip displacement results

/mm /mm /% /mm /%
1 0.054 3 0.054 2 0.18 0.05 8.6
2 0.217 2 0.216 6 0.28 0.20 8.6
3 0.488 7 0.487 4 0.27 0.51 4.2
4 0.868 7 0. 866 6 0.24 0.85 2.2
5 1.357 4 1.354 0 0.25 1.32 2.8
6 1.954 7 1.949 8 0.25 1.92 1.8
7 2.660 6 2.6539 0.25 2.63 1.1
8 3.4750 3.466 4 0.25 3.51 1.0
9 4.398 1 4.3871 0.25 4.30 2.3
10 5.429 8 5.416 2 0.25 5.50 1.3
11 6.570 0 6.553 7 0.25 6. 61 0.6
12 728 189 7.779 4 0.25 7.76 0.3
13 9.176 3 9.1535 0.25 9.23 0.6
14 10. 642 10. 616 0.25 11.20 5.0
15 12.217 12. 187 0.25 11.53 6.0
16 13.900 13. 866 0.25 14.51 4.2
17 15. 692 15.653 0.25 14. 89 5.4
18 17.592 17. 549 0.25 18.02 2.4
19 19. 601 19.552 0.25 19.15 2.4
20 21.719 21. 665 0.25 22.40 3.0
5
5.1
0 q( 1)
F( 1) =[ ) }
q( 1)
- (31)
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Fig.13  The aerodynamic parameters only considering

the stiffness of the wing
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5.3 Fig.16  Flight mission schematic diagram
o 16 o
1) 7° ;
15 o 2) 11° 1 000 m;
15 3) 1 000 m 40 m/s
4) -6° 500 m;
5) 500 m 55 m/s o



40

244
6) 11° 750 m; 18
7) 750 m 40 m/s ; .
8) -6° ;
9) o
17 °
50 -
CFD/CSD
a0} i 8
£ 30} l
£ i
B i
=20 : e
ol 1 hmaEn :
s - HLRRITE -
0 / L N ' N
500 1 000 1500 2000
i [R)/s

17

Fig.17 The comparison of the wingtip displacement results
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Fig.18 Dynamic response and phase diagrams of the

wing in bending and torsion
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