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Fig.1 Step by step optimization process of wing shape
based on different grid models
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Fig.2 Decoupled jig shape design process
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Fig.4 Natural mesh finite element model of wing structure

E5 HELREBRIBHEIRTRE

Fig.5 Fine mesh finite element model of wing structure

®1 RIPEEUSILE

Table 1 Comparison of the two model information
HRFY
ey - I skt
ETRE
EENELi A 6063 5% B Sl 2 EERE /)2 A
H4n A% B 47128 5% B Al 2 EE B /)2 A

3 IHRER
3.1 RBISRSMIIERIRIT

AR 11 B 7 1 S A R RIS AR, WA
K6 TR o WG RSN ik AURSET ARERY, /A 9K 4
AR, A BRI /b 7 SN AT AR AR T D,
AE % PR W S5 — S SRR 5 HOF AN R sl
Rk

YRIZESME G RE R, SR 2 AR AT A ME Y 4
iy, A5 B A TU LM AN 7 Bz, AR i (2 AR R Dy Pt
RRATIME , L1 EAMERLRL Ay 15 U5 ) fin 2845 21 i 2L 22 4
B, AR I ASUR TS B BRI iR RIS ME

USRI IR TS ME i AR s, HAME
SA GHAEEAINEE G o ARIIRRAESME AT 5 Y
FE 33 A EA R, AIET 8 AT Lt e g 23 Aii A 15 B AE
WATIME—EL



22 LR LSS ¥ S

Dec. 25 2021 Vol. 32 No.12

# BUESHE / / ey /
AEyiE=Y

I AT o
/ e / / i %7 W

— /7
””fégﬁ i/ RIBEANY

S IE

B6 WMIREIMIUTSEEIRITRE
Fig.6 Iterative design process of geometric parameters
of initial jig shape

7 ERIERESIRDIE BUZRIME
Fig.7 Initial jig shape determined by iterative convergence

AR RIS ME AT 5 S BRI ATAME Y A
PR 22 RAE Ay 8RN &L 9 F7R , da 16 A5k AU AT LA
A (Ay<1)
3.2 BIBRIMIZRBREMAL

TERIUR ISR T KEHLSE S5 A% R 7 | 75512
BRI T HORE A0 A% 25 F A FROCEE AL , 7 AL B i
FEDLAL AR ANIE 10 i

PEL L1 hohs 240 0 s A 5 e FE AP 25 28, B s s i
A A B 58 e 2 B ARG, 5 30 25 H AR ek BT R4
PR, PR R DR 23 ) B TC N AR A e, SR 2 IR S, Doy AR

(c) ELESE T i
B8 WAYME S RRINERTBHEIDHNE

Fig.8 Comparison between pressure distribution of cruise

(d) RIBSMBASTY 5 T R H

shape and initial jig shape after deformation

Ay /mm
NN
o o
L

A
15
10 \\
5 \
. “*‘“7—+-~4_,* .
0 5 10 15 20
B E

9 AyisHZfidizahsk
Fig.9 lterative process curve of Ay

R & BEE AR AT , RHR A BT AR /N T T AR
J& » BFR R ECT R H 2z

P12 A A v B — 2D I 2 2 AR B, e
042 1 17.6% , —45°% 2 15 47%, 90°4H)2 1 33%, B3
e LTy ) T R, LR OC R ST YD

DA prhs , AR MUFE A nr B R R W .
Ab JEBEE ISR AE T B, S22 R LA rh R )
A BTSSR AR T 28T, 38 R AR AR 5 L AR e B AL
BTSRRI 13 R



KA A LT AN RS BRI DL RSN E 5 AR B i

23

%}Jﬁﬁﬂ%//ﬂ,*&%ﬁﬁ

SMEB e PR A
E g4 el B RPN
A= IR
w15 b
Fbz s+

\

AN e
7Y
0 <R

N AR

i)

10 EREMILRIE

Fig.10 Static strength optimization process

10
9
8
p
&
|7
1%
m
6 -
5
4 ‘ ‘ . . ‘ ,
0 10 20 30 40 50 60
AR
E11 BErRETIvE
Fig.11 Curve of objective function
100
L X 2 L . 4 4 ® 99 ¢4 p 4
T
60
= 40
£ 2
=
% 0 T
o0l 10 ﬂ 3 50 60
-40 XX XTI EIXII I IES
-60

NI 25
12 RPN GERETL
Fig.12 Ply angle added during optimization

DA I K 4 DA A5 78 (14 285 ) o 6 1994k, AR
SMETT B SR AR AR TR 45 04 S5 B 2168.3kg, SEBLSE #4) I
U/ 8.04%

3.2.1 S JRE A LG
VR A P s ASE AR 1) LT R B S R AUALAME TR 1 B 4R

1.58 1.97 2.372.76 3.153.54 3.934.32 4.72 5.11 550 5.89 6.28 6.67

(a) b3AISE R

. ——————
1.5631.90 2.27 2.63 3.00 3.36 3.73 4.10 4.46 4.83 5.20 5.56 5.93 6.29

(b) FILIAISE B E
13 MUBERREEDM(RAI:mm)

Fig.13 Skin thickness distribution after optimization
PR |, W 45 A& 14 B8 . B T52 A2 0 v &
BJE AR DA EAS 21 AR RS AT 19 SR s, 7RG A
PR AS A Y BT 2= R R TR R DR E 5 2 R R i 4T
(IR 2= 5 B 485 Xk 7 14 6 2= e P (L 5 PR A B A B ) W T
HAR RIS IR TC

VR 7 RS 2 T IS A o PR AR A, ARSI 4 A
AN, 29749 0.6%.

3.2.2 AL

T A2 2.5 91 B2 BOR 9 RIS | o 45 1) M EE A9 B8 0
Wi, 2 TUZRIMEAE 1g #idar B IR TE 2 A ATAME , T 24
R A S R AR b — 2B DUVRIE g B EA T AL

X DG I BT BELAR T 3 J 1) L e B 5 A4 T, AR R )
110225 G, B 15 25 1 SR SME T Jié ) 54> T )4
S AtE L. W ESL0 RA AR UMY RO f
Ay LTINS E A RIIR RIS ME T BOHLEL M 70 A1, Blid i fe
A BTA5 B B B GSNE ROFILEL fa oA o WA BLARAME
AR S A N B BT T HH % A AR SO ME T AN
T TP f e R 22 0 0,620, S0 — B AR R G IR
AL B (I 1 2.5g i it ) BURAMEASIE | i Tom BE A




24 i 2t BEE B

Dec. 25 2021 Vol. 32 No.12

1.58 1.972.37 2.763.15 3.54 3.93 4.32 4.72 5.11 5.50 5.89 6.28 6.67

(2) KA PR AT 152 e

(b) EIR ISR 158 5

1.53 1.90 2.27 2.63 3.00 3.36 3.73 4.10 4.46 4.83 5.20 5.56 5.93 6.29

(c) AELH PRSI T 52 e

(d) FISRPIRSISTL T 52 7

E14 BAMBRTERLEFERMUSEIENRFTLSR(BL1:mm)

Fig.14 Mapping results of element thickness variable from fine mesh element to natural mesh model

—=— FEIEASME
—— WIIRRIASNE
—— DI I
o JRLEEMRT IR RSN AL T
—o— RIBBNUARALIE

FEXTHHEE F711(°)

J 1 1
B15 AEIMNETEVHERD T

Fig.15 Torsion angle distribution under different shapes

AR, JELRE S BRI AE L O & A TR 1) 1~3 22
V1), 35 AL 3 A RS, ) T B2 ) S LA | i3 e e e
— R RIBIE AT S WL SNBSS TR
FHEAFRIE SRS ) T 3R S A AT 4530 41 4% £ 5
ARG AIANE T 04 £ BEREA R — 30, R R A R 2
0.08°, FEAXS LB S FpMA 237 A5

4 i
AR ST )25 RS R SRR 4 A A S e , S

1 B ) EARTEAS BRI R BUZRSNE SRS LAIHAME T Boks 4
WA A T4 R SR BE A AL BT R LA A 4 SR et 22 A
SRR RIS, BET [ SR RS 52 ISR SRAME i AR TE LA,
WFEESIRIT

(1) FEF AN [a] W% 55 16 73 A1 110 A SR, BV RE i 1 5t
JEEDIE A 1Ry A FE LR, 53 T AL 5 B8 R 10 i R 45 4 Jo
i, SCREREG N RS Ko 2, 1 ST R A QB M

(2) 1ERI IR BIZRAME B 72 B B, 4548 B i a5 AUB IR 13
THREBS PG BN BIZRAME |, I HaZBBRAMNE B I
(BRI BEAE AU ME R — 3

(3) 36 3= G A I A A R F a8 i, R FH R MR AR A 4
b, EREMAR LM ST, B PR ZE R T T 8.04%

(4) T EEZI00AHi) WO A% A2 B RS 5 VA RERS A RS
200 O A AR LR A RS 2 SR AR SR (HL | AL
PR Z I REIRYE | 3055 X Bl 2 A0 B AT AR B, WS I, 4%
B SEFA TR AL AR 24 0.6% , J5ERE R 45 A HERS

(5) W /2 2.5 #oamr it I RIBRAIMEAE 1g #idiy T IoikE
B 2= MR UIME , i 28I AL Bt nT DL AR SN AR
A AHIIME o e B ZRIME S 5 5 BAE K



KA A LT AN RS BRI DL RSN E 5 AR B i

FULAINIE B AL S A DR — B, e R AR 2
0.08°,
SERA

(1] FRRRAE, 0 R I8 s ML < sh A M T

(2]

[6]

e i
Cheng Shixin, Zhan Hao, Zhu Jun. Study on aerodynamic and

STHEH AR, 2008,38(2):37-39.

aeroelastic integrated design method for wing[J]. Aeronautical
Computing Technique, 2008,38(2):37-39. (in Chinese)

W B« TR CFD 7 ik LR BIZRAME i3
ST A CHL T S5 RFSE,2011(4):16-17.

Xie Meng, Cheng Pan, Xue Fei. Design and analysis of wing
jig-shape by different CFD methods[J]. Civil Aircraft Design
and Research, 2011(4): 16-17. (in Chinese)

Wan Z Q, Liang L, Yang C. Method of the jig shape design for
a flexible wing[J]. Journal of Aircraft, 2014, 51(1): 327-330.
W, TS . B TR S R 1 LRSS AR IE
JrEMFIENN. iz TREERE ,2011,2(2): 143-150.

Yang Guowei, Zheng Guannan. Aircraft jig shape correction
method based on static aeroelastic analyses[J]. Advances in
Aeronautical Science and Engineering, 2011, 2(2): 143-150.
(in Chinese)

Sherif A, Madara O, Richard P, et al. Jig-Shape static
aeroelastic wing design problem: a decoupled approach[J].
Journal of Aircraft, 2002, 39(6): 1061-1066.

Gaetan K, Joaquim M, Graeme K. Aecrostructural optimization
of the common research model configuration[C]//58th AIAA/
ASCE/AHS/Structures, Structural Dynamics, and Materials
Conference,2017.

Sherif A, Madara O, Richard P, et al. A decoupled stochastic
approach to the jig shape aeroelastic wing design problem[C]//
36th Aerospace Sciences Meeting & Exhibit, 1998.

WEZR A B WL ] E 2R 2 AR
B HEARBEFE[]. LRk, 2019, 30(9): 9-18.

Lei Guodong, Li Yan. Research of the multiple design-points
high-fidelity aerodynamics optimization technologies for the
transonicaircraft with the multiple constraints[J]. Aeronautical
Science & Technology,2019,30(9): 9-18. (in Chinese)
PRIEMR. Ak e S0 M. dbat: AR AL, 2005.

Chen Baolin. Optimization theory and algorithm[M]. Beijing:

[10

(1]

[12

[13

[15

[16]

[17

(1

Tsinghua University Press, 2005. (in Chinese)
I IRSCHE . KS PREC /- KA A TR R 0], DR 3 k1 2 B 2
2, 1992,13(2):16-21.
Zhao Wenzhong. KS function and optimization of min-max
problem[J]. Journal of Dalian Institute of Railway Technology,
1992,13(2): 16-21. (in Chinese)
TRAE A RLUE, SRR R T KS R bR IR O Ak Sk B O
JHI W02 s 4 A, 2011(6): 86-88.
Su Hua, Gu Liangxian, Gong Chunlin. Collaborative optimization
based on KS function and its application[J]. Aeronautical
Manufacturing Technology, 2011(6): 86-88. (in Chinese)
TR, DA, AT 4 BT MR AR B R A s L
PUE B ASH LA BT[] %2740, 2006, 27(5) :810-815.

Zhang Keshi, Han Zhonghua, Li Weiji, et al. Multidisciplinary

[

aerodynamic/structural design optimization for high subsonic

transport wing using approximation technique[J]. Acta
Aeronautica et Astronautica Sinica, 2006, 27 (5):810-815. (in
Chinese)

] Kreisselmeier G, Steinhauser R. Systematic control design by

optimizing a vector performance index[J]. IFAC Proceedings

Volums, 1979, 12(7):113-117.

Bret S, Christine J, Carol W. Trim and structural optimization

of subsonic transport wings using nonconventional aeroelastic

tailoring[J]. AIAA Journal, 2016, 54(1): 293-309.

] Nicholas P, Joaquim M. An adaptive approach to constraint
aggregation using adjoint sensitivity analysis[J]. Struct

Multidisc Optim, 2007, 34: 61-73.

Holland H. Adaptation in nature and artificial system[M].

Cambridge: MIT Press, 1992.

] HPESE, ERI, b A B RBF A28 246 R st (505 14

7 3 Licher XL AL BT H0F 5 [J]. A 28 Bl2# 45 AR, 2019, 30

(9):73-80.
Ma Boping, Wang Gang, Ye Kun, et al. Supersonic licher
biplane optimization using radial-basis function neural network
and genetic algorithm[J]. Aeronautical Science & Technology,
2019,30(9):73-80. (in Chinese)

8] FRICUH, FEFENI . £ T Pareto 8t AL A AL G M RHILE AL
P [I]. AEE A iR 242441, 2007, 33(2): 145-148.
Cheng Wenyuan, Cui Degang. Optimization for composite

wing based on pareto genetic algorithm[J]. Journal of Beijing



26 ML Bl He A Dec. 25 2021 Vol. 32 No.12

University of Aeronautics and Astronautics, 2007, 33(2): 145- 218-223.

148. (in Chinese) Liu Dihui, Li Guangyao, Li Hongzhou, et al. Mesh variables
[19] FZE, SRz, T4, 5. TaE MR It mapping algorithm used in car crash simulation and its

PRI P ER2E P BR2E J12R RS0, 2018, 48(1): 22-37. verification[J]. Journal of Mechanical Engineering, 2009, 45

Wang Xiaojun, Ma Yujia, Wang Lei, et al. Advance in the (12): 218-223. (in Chinese)

optimization design study for aircraft composite structure[J]. [22] ZREASC, 250, 250047 L TARATIE B0 55504 PR T A8 4 =

Science China Physics, Mechanics & Astronomy, 2018, 48(1): RUA]. DR 2241, 2002,35(2):62-65.

22-37. (in Chinese) Zhu Yiwen, Li Wei, Cai Yuanqi. An efficient inverse
[20] FEHLEI, 5k, 2274 . B AA &L PRSEUS BEM S H0MNWF isoparametric mapping in fem based on analytical character[J].

FEGACB D] S B, 2021, 32(5): 44-53. Engineering Journal of Wuhan University, 2002, 35(2): 62-65.

Wang Kaijian, Zhang Rui, Li Yan. Parameters identification (in Chinese)

research and optimization design of PRSEUS panel in blended- [23] 2=, A B . A% AR e i)y e A R oo FR A o D).

wing-body civil aircraft[J]. Aeronautical Science & RATAE, 2012, 11(34): 1049-1053.

Technology, 2021, 32(5): 44-53. (in Chinese) Li Zhou, Yang Xujing. The application of mesh variables
(217 I, A, ARk, 55 . — i TR R i TR AL 00 g X A% AR mapping to finite element analysis[J]. Automotive Engineering,

i S B B HL 06 UE (3] ML R 22 4L 2009, 45 (12) 2012, 11(34): 1049-1053. (in Chinese)

Stepwise Optimization Design of Wing Jig Shape Based on Different Grid Models
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Abstract: The jig shape is the actual production shape of the wing. The optimization of structural strength and the
iteration of structural deformation are usually involved in the jig shape structure design. The structural responses
derived from two analysis processes are different, so as the optimal grid model density for the two processes. A multi-
objective optimization based on the same mesh model usually results in that the accuracy is not enough and the
deformation iteration cannot converge. Based on different density grid models, a stepwise optimization strategy is
adopted. First, the initial wing jig shape is obtained by the reverse iteration method. Then, the structural strength is
optimized by using the fine mesh model under the jig shape. The optimization results are mapped to the natural grid
model, and the deformation optimization of the jig shape is completed based on the natural grid model. The final jig
shape can not only meet the strength requirements, but also the twist angle distribution of the wing after deformation
is basically consistent with the ideal shape.

Key Words: jig shape; composite structure optimization; grid variable mapping; genetic algorithm
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