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Tab.1 Wing parameters
RT 2% I $ A

B RmIKE P K Swent angle R A
Number of  Spanwise Inner chord P ° Anhedral
. of leading o
sections length/mm length/mm o angle/(*)
edge/(")
1 2071.5 35356.8 82.4 0.0
2 1737.0 19782.1 78.6 0.0
3 52124 11157.1 60.6 0.0
4 51825 6024.8 60.6 5.0
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Fig.2 Structure layout diagram of the wing
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Tab.2 Main layout parameters of the wing

i 2% SR B
Layout parameter Brief description of parameters
(IR T
Number of leading wing box webs
N BE 13 G AR AR
Number of inner section 1 wing box webs
N BE 273 G AR AR

Number of inner section 2% wing box webs

S5 1 B F I AR

Rib number of the first section of the wing
PISERNE Sor Tk

Outer section 1” wing box wing rib number
S 273 G AL

Outer section 2% wing box wing rib number

wing box

yeh1

Nyeb2

T yeb3

TRib1

MRibo

MRib3
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Fig.3 Structure layouts of different wings
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Fig.4 Area division diagram of the wing
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Fig. 5 Finite element modeling process for the size optimization
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Fig. 6 Strategy of the optimization design
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Tab.3 Design variables of the structural layout

WA B 1A TR R
Design variable Initial value ~ Lower limit Upper limit
Nyap 9 9 12
Nyen 5 5 9
Nyans 7 7 12
N 1 1 3
Mo 4 4 7
N 4 4 7

h3
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Tab.4 Performance parameters of metal material

A AR TR W
Material ~ Modulus of elasticity/GPa  Poisson ratio Density/(kg/m?)
7075-T6 71.7 0.33 2 800

R5 TOMRFHEAMHEMSH

Tab.5 Performance parameters of T800 carbon fiber composite

material
#EF Material E, /GPa E,,/GPa G ,/GPa Vi, p/(kg/m3)
T800 149.1 9.65 5.04 0.29 1 600
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Tab. 6 Definition of structural size design variables
Bt A IR A LS RR

Initial value Lower limit  Upper limit

Design variable
A BOLEL 152 5L
Thickness of the wing upper

12.10.8 .4 2 24

skin of each section/mm

BT 5

Thickness of the wing lower

12.10.8.6 3 25

skin of each section/mm

A BOHLIL M AR S

Wing web thickness of each 8.6.4.2 1.5 8

section/mm

# BRI o 2
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wing rib web plate/mm

5 BOML B AR 2 S A T

Cross-sectional area of each 500 300 2000

section of the wing web flange/

mm2
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mm?
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Tab.7 Partial sample points’ data of the layout design
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Fig.7 Convergence process of the size optimization
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Tab.8 Sampling value of structural layout design variables
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Tab.9 Comparison of prediction accuracy of each surrogate model
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Tab. 10 Comparison of results of structural optimal design points
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Wing structural design of supersonic civil aircraft based on deep neural network

NIU Fanggan

MA Wenyuan YANG Chao WANG Yu YIN Hailian

(Advanced Design Technology of Aircraft National Defense Key Subject Laboratory, Nanjing University of Aeronautics and
Astronautics, Nanjing 210016, China)

Abstract: At present, the research on supersonic civil aircraft wings mainly focuses on the low sonic boom design and

supersonic drag reduction technologies. There are relatively few studies on the wing structural design. Therefore, a multi-

level optimization method for the wing structural design in the preliminary design stage of supersonic civil aircrafts was

proposed. It included the parametric modeling of the wing structural layout, the automatic generation of the finite element

model for the structural size optimization, construction and training of a surrogate model for the deep neural network. And the

optimization was solved based on the deep neural network. The analysis results show that the proposed optimization strategy

could quickly design the wing structure of the supersonic civil aircraft. The deep neural network model has higher prediction

accuracy than the traditional surrogate model. Thus, the proposed approach can improve the efficiency of the preliminary

design for wing structure.
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