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Optimization of Complex Layout Wing-Structures Under Multi-constraints

WANG Binwen, LUO Lilong, NIE Xiaohua
(Aircraft Strength Research Institute of China, Xi’an, 710065, China)

Abstract: Wing structures with multiple plug-ins should meet the requirements of strength, stiffness,

aeroelastic and assembly of equipment, it is difficult to get the optimal solution with traditional methods. In

this paper, an analytical method is proposed to control the aeroelastic characteristics of the wing by restricting

the bending and torsion stiffness of the wing section. The displacement and stability constraints sensitivity

theories have been researched simultaneously. Then the new multi-constraints optimization process is

developed and programmed based on the HAJIF platform. The method is verified by using a real wing model,

and the results show that the proposed method can give the optimal design scheme on the unique static

analysis model while the strength, stiffness and stability constraints are considered synchronously.

Key words: section stiffness; stability; displacement sensitivity ; multi-constraints optimization
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Fig.1 Shear flow on multi-chamber wing section
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Table 1 Results of wing section stiffness

1 T BRE AR, SR eE, MR A RE/ EREReE,

- /% W2/ %

A (10" Nemm?) (10" Nemm?) (10" Nemm?) (10" Nemm?)
1 109.60 112.60 2.74 98.70 102.70 3.89
2 95.10 96.10 1.05 80.50 85.50 5.85
3 83.20 85.20 2.40 68.60 72.60 5.01
4 79.90 81.90 2.50 63.50 65.50 3.05
5 74.10 78.70 6.21 59.60 64.50 7.60
6 67.90 68.80 1.33 52.90 53.30 0.75
7 52.90 55.80 5.48 40.60 41.00 0.98
8 42.40 43.50 2.99 32.10 33.20 3.31
9 37.20 37.50 0.81 27.50 28.80 4.51
10 27.10 28.40 4.80 21.20 21.80 2.75
11 21.70 22.90 5.93 15.60 15.90 1.89
12 17.90 18.30 2.23 12.20 12.30 0.81
13 14.30 14.50 1.40 9.02 9.53 5.35
14 11.90 12.40 4.20 7.43 7.68 3.26
15 9.31 9.46 1.61 5.91 6.07 2.64
16 7.51 7.74 3.06 4.84 4.86 0.41
17 6.19 6.79 9.69 4.02 4.19 4.06
18 4.96 5.43 9.48 3.37 3.42 1.46
19 3.92 3.97 1.28 2.71 2.78 2.52
20 2.97 3.06 3.03 2.14 2.14 0.00
21 2.32 2.34 0.86 1.67 1.69 1.18
22 1.82 1.85 1.65 1.28 1.32 3.03
23 1.37 1.38 0.73 0.96 1.00 4.00
24 1.08 1.11 2.78 0.72 0.78 7.80
25 0.84 0.84 0.12 0.54 0.56 3.04
26 0.66 0.69 4.09 0.43 0.45 4.71
27 0.50 0.51 3.43 0.32 0.35 8.81
28 0.38 0.39 3.71 0.25 0.25 0.81
29 0.30 0.32 7.43 0.19 0.20 6.06
30 0.25 0.26 4.44 0.15 0.16 4.35




406 [ =S S NI S

o552 %

LA R 7R 12 Uik UG W8I, B ¢ 52 BLR
213 kg, WG A A TR 09 7.2 00 o W I AT il 3 B
P TP R A R AT T gt R 1 TR, & NI
JEHRAL T EOR BOIR VG [ . T 2 AR S BT T
fifp 2= 18] 52 A, A4 ) ) T ) 0 A 45 2R 55 24 RO fE 22 S
Ko W4, 52 ™ LU W e Ak e HL3E 45 50
25 R JEE L P R T A AR

S l4r ~

E 12F "‘E*ﬂ‘ﬁ

i 1.0F *%ﬂﬁlﬁﬁ

S 0.8f ~— fiuta

= 06f

B 04}

@ 02F

B 0G5 10 15 20 25 30

Rihgws
P4 T2 i P RE ARG A 45 2R
Fig.4 Results of bending stiffness

141

12+ —~ HirfE
Lok - VIdRlE
osk - fRAUE
0.6F
0.4t
02F

0

A / (10°N + mm)

0 5 10 15 20 25 30
Rthom s
P S ) T I M O Al 4

Fig.5 Results of torsion stiffness

SR YR AR SRR M R ) TN R B 9k B A Rk
HEAT B UE , SR s o A2 o AR 7E AN 3 IR R e Y
SRR T I RE 24 SRR SRR A R AT T A, BB
TET B AR S 43 A ik L R R U 3R Y X L &5 R 3R
2F7R .

K2 EERELRE RGBT ST

Table 2 Comparative analysis of optimization results

with different constraints mm
IO . AREE REE
iy WIRTR RS .
THI15 4.50 4.15 4.03 4.11
THI16 4.50 4.12 3.92 4.12
THI18 4.50 4.01 3.81 3.97
THI9 4.50 3.96 3.82 3.94
TH20 4.50 3.96 3.74 3.91
TH21 4.50 3.85 3.7 3.85
TH22 4.00 3.81 3.43 3.82
TH23 4.00 3.54 3.25 3.93
TH24 4.00 3.52 3.21 3.49
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