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Topology optimization of high-aspect-ratio wing section
considering aeroelastic effect
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Abstract: Topology optimization was used to reduce the weight of aircraft structure
according to the aerodynamic loads of high-aspect-ratio wing. Aerodynamic loads were obtained
by using CFD/CSD numerical simulation method. Redistributions of aerodynamic loads caused by
aeroelastic deformation were considered. The SIMP method was used in topology optimization.
The constraint condition of the optimization is the reduction of structure weight, and the
optimization objective is to minimize the flexibility of the structure. Topology optimization model

was fabricated by using 3D print technique, and the feasibility of the combination topology
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optimization with the 3D print was proved.
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Fig.2 Iteration of static aeroelastic simulation
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Fig.3 Comparison between linear and nonlinear structure
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Fig.4 C, distribution of wing section
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Fig.5 Initial design space for topology optimization
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Fig.6 Result of topology optimization

3 BERZ

i A RT3 96k O 1k 45 4 2 5 T A2 T3 2
AR B3R B2 2R . i Von Mises i 1 4 2 5t
JEE W U . S5 A A Sl BT AR R B R ) = P A
K7 R

Contour Plot Model info:1
Element Stresses (2D&3D)(Vonmises) Result:1 jiaoda/2 j des.h3d
Analysis system
Simpla Average
4.500E+01
[4000901
3.500E+01

Subcase 1 (yingli):Static Analysis
Fram

— 3.000E+01
r 2.500E+01
2.000E+01

1.500E+01
1.000E+01
5.000E+00

1.430E-11
No result

Max=1.794E+02
Grids 260

Min=1.430E-11
Grids 543911

z
)
Yiox

7T MUERBERZ
Fig.7 Strength check of topology optimization structure
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Fig.8 3D print of topology optimization structure

AR CFD/CSD #84 # B 158 07 i, 41 X
SRR 5 H AL AR S I e T AL sl s
R L S DINTIE| 3 PR wz PRI A S S
BB B Hm A Ry S5 R R FMIL AR 2 B 3 B S 5
BT HAMEAL 3D FTER i i T b gty . 45 R o .

(1) JUAAT = 2R 1 X e 5% be AL 3 < 3y 28 fr 52 1)
Y

(2) T ML T2, °T UAE (R TE 25 44 M EE 1)
AT AT AL

(3) 3D FTERHE AR AT DL SE B AR 2% = k4R D 4544 1)
FTED 75 RT3 TEDRDRS 2 55 0 T80 AT DA R IR

AR T —Fp 3T 3D 4T B4 R 923K J 5%
FEAL3E 25 K0 I B R B A2 . A2 B Al gk it
% R 1 32 5 A 24 BRI AR R AL T 1 A A A U R T TR
HA & e N A

Z F X #:

[1] Chen G B, Zou C Q, Yang C. Aeroelastic design foundation[ M].
Beijing: Beijing University of Aeronautics and Astronautics
Press, 2004. (in Chinese)

FREEME , 48 AT, . skt ek [M] . dest: dbatii
SRR 2 A, 2004,

[2] LiF, Bai P. Low Reynolds number aerodynamics of aircraft
[M]. Beijing: China Aerospace Press, 2016. (in Chinese)
ZEE, AMS. AT AR W R RS M. de st E S
th At . 2016.

[3] XieCC, WuZG, Yang C. Aeroelastic analysis of flexible large
aspect ratio wing [ J ]J. Journal of Beijing University of
Aeronautics and Astronautics, 2003, 29(12): 1097-1090. (in
Chinese)

W, RAER, . KR R ML A <3 s A L) .
JU BT A LK K224, 2003, 29(12): 1097-1090.

[4] NieX Y, LiuZY, Yang G W. Aircraft structure stiffness and
aerodynamics optimization design based on kriging surrogate
model[J]. Physics of Gases, 2017, 2(2): 8-16. (in Chinese)
EEBE, X, EA. T Kriging 1B ) AT #5454
R EE B e B LI, B, 2017, 2(2) : 8-16.

[5] Krog L, Tucker A, Rollema G, et al. Topology optimization of
aircraft wing box ribs [ C ]//Proceedings of the Altair
Technology Conference. Airbus UK Ltd, Advance Numerical
Simulations Department, 2004.

[6] Yang R, Liu Y, Qian W, et al. Topology optimization for
structural design of fuselage flutter model [ J]. Journal of
Mechanical Engineering, 2011, 47(11): 59-63. (in Chinese)
. XN B, BT, AR T I LB BRR AT 45 0 T R A6 DA
Jrs[J]. MUAR T R4, 2011, 47(11): 59-63.

[7] Mian H H, Wang G, Ye Z Y. Numerical investigation of
structural geometric nonlinearity effect in high-aspect-ratio
wing using CFD/CSD coupled approach[]J]. Journal of Fluids
and Structures, 2014, 49. 186-201.



5 6 3

BT A RJE VX L LI 3 B Sl #0012 B

(8]

9]

[10]

[11]

(12]

Guo L, Lyu J N, Ji C, et al. Identification of flutter boundary
for a hypersonic vehicle wing as X-15 by experiment and
numerical simulation[ R]. ATAA 2017-2237.

Zhang X, Chen P J, Zuo Y T. A novel multidisciplinary design
optimization of aircraft based on CFD/CSD coupling[ J]. Physics
of Gases, 2016, 1(2): 47-54. (in Chinese)

TR, BEEI. %Pk, CFD/CSD A ©AT 2% 2 2 B 1k 531
B 1], KRPEL, 2016, 1(2): 47-54.

Tsai HF, Wong A, Cai J, et al. Unsteady flow calculations
with a parallel multiblock moving mesh algorithm[]]. AIAA
Journal, 2001, 39 (6): 1021-1029.

Zeng Z, Wang G, Ye Z Y. Enhanced RBF mesh deformation
method and multi-body simulation [ J ]. Acta
Aerodynamica Sinica, 2015, 33(2): 170-177. (in Chinese)
W, EN, 0FIES. RBF 8K M ik 2T 5 2 80k g5 5] ]
Z5 38 Jy %2 4. 2015, 33(2) 1 170-177.

Nie X Y, Huang C D, Yang G W. Numerical analysis for aeroelastic

trajectory

with structural geometrical nonlinearity using a CFD/CSD-
coupled method[ J]. Journal of Vibration and Shock, 2016, 35

[13]

[14]

[15]

[16]

(8): 48-53. (in Chinese)

TR, B, HEME. BT CFD/CSD #4145t JLAT IR £k
PR S B DT i L], 3 5 by, 2016, 35(8):
48-53.

FuZ C, Chen Z J, Liu Z Q. Geometric nonlinear aeroelastic
behavior of high aspect ratio wings[ J]. Engineering Mechanics,
2017, 34(4): 231-240. (in Chinese)

PR, BRdiZE, X 7ok, RIESX AL A8 Wtk iy LR &
PEROVILT]. TR Ji%, 2017, 34(4) .« 231-240.

Wang W, Yang W, Chang N. Integrate shape/size optimization
into a high aspect-ratio flying wing design[]]. Structure &
Environment Engineering, 2007, 34(5): 49-54. (in Chinese)
TAf, Bl Wb KRR CEAHIER TG ik i
[J]. S BEH3REE, 2007, 34(5): 49-54.

Walker D, Liu D, Jennings A. Topology optimization of an
aircraft wing[ R]. ATIAA 2015-0976.

Walker D, Liu D, Jennings A. Wing design utilizing topology
optimization and additive manufacturing[ R]. ATAA 2016-1246.



	17 吕计男
	17 吕计男-1

