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Integrated wing force transfer analysis method and structural design

considering connection design

SUI Guoxiang, JIN Haibo
(Key Laboratory of Fundamental Science for National Defense-Advanced Design Technology of
Flight Vehicle, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The integrated wing embodies the integrated design concept of integrating functional components and
load-bearing structures. However, there may be problems in the structure such as discontinuous skin force transmis-
sion and difficulty in connecting separation surfaces, which can increase the difficulty of structural design. There-
fore, based on the structural characteristics of the integrated wing, an integrated wing force transmission analysis
method considering connections is proposed. The connection characteristics at the separation surface of the function-
al skin design is analyzed, the connection design and dimensional design are completed, which is verified by finite
element analysis and optimization analysis. The results show that the bending moment distribution of the box sec-
tion calculated by the force transfer analysis method is consistent with the finite element results. The analysis results
of the cross—sectional size distribution of the box section structure are similar to the optimization results, which can
meet the requirements of connection strength and stability. The larger the effective height of the wing beam in the
box section structure, the greater the load it bears, and the more consistent the optimization results with the force
transfer analysis results.
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Fig.1 Flow chart of integrated wing force transfer analysis
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Fig.2 Schematic diagram of skin design
separation surface location
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Table.1 Analysis of cross—sectional connection characteristics

AR 54
I 2 fr /KN 1252.5 771
5 K T RGF /mm 2.5
12240 M4 M8 M4 M6 MS8
B T A R A 65 35 65 45 35
AR Y ) /KN 3.96 8. 96 15.9 3.96 8. 96 15.9
FAAETFL A fr /KN 6 12 6 9 12
» 5¢ B AL i AT /KN 417.46 256.97
%& 52 KV I 1/ MPa 105
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Jir it HEE 2 1 1 1 1
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Jr it HE# 3 2 2 1 1
» 5 B AR 3 AT /KN 826. 65 508. 86
%& 3¢ W VRN 3 /MPa 150
?:j: YRR B2 /kN 12.72 18.37 23.62 7.83 11.31 14.54
Jr s HE%L 4 3 3 2 2

T < SO 10 25 40 2o L0 TR A7 G0 (19 7R 0 ST 5 HE MR A 22 I A 28R A 01 52 7 IR T, DRt OCHE A 1 27 L AR DRI 12 0.6, = HE A% 1

1:0.6: 1. POHFIE# L 1:0.6:0.6: 1,

1A W E W E R BTN 2 s, i T 454y
S THT R JH XSUHE S22 2, HG v 5 30 o 3 ) A
U LA R B M B TR A ) A5 3R R, R
G SR A ) 28 A S P 0 R A A AT 199 6000 0 T RE IX
5 T AR 1 AT T B b 3R SR A D RE 5 AT SR T Y
ik 21 4E J= A% 136, A 5 B i AT I BE B AT A5 1 2
AE @ BOR R A B W . O T PRIE DD RE 5¢ B P 1%

128 114 28 A A o VR B9 R R, 3SR Y R
/N TR 2 B R /IME

g5 b — AR AL 3 I R 52 B v it o B T AL BY
T 12 56 R R AL, 92 DU S T A a3 5 2 284 R /N 19 [
L, B g XA S M 52 B2 7R HH 28 R o 2 A, R AR
BT )T R AR DL 3 A 45 4 o o, L o0 5 T A 3
FeXEE R . M2, 50 R AT LA 2 A 2



5 XX ) I R A« 2 R e ) — MR HL 3RS D 2 M D ik 5 S M BT 5

AE 5¢ B A T 132 AT, ORI 3 e MO 4 v i 4
f R AT PRI 52 B Y % 5 50 2 SR A ] 4 4

2 B EIEE Rt

Table.2 Connection design of each section of the box section
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g3 B T HERUE 45 45 45 45
IR HE L 2 1 1 1
IRV F B0 /KN 8.95 8.95 7.2 3.96
E A FNE AVAN 618.75 402.75 324.0 171.5
S5 K V8 FV 3 /MPa 165 130 115 90
5 R RORES L/ % 49.4 52.23 77.88 100
H R FNREE L/ % 50. 6 47.77 22.12 0
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Table.3 Calculation results of stiffness of each section of the box section
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Fig. 3 Equivalent cross—section of box section

[l 4% 5% 6% 7%

TR A 4R 250.5 154.2 83.2 34.3

T A /KN 1252.5 771 416 171.5

5 % 5L /mm 2.5 2.5 2.0 2.0

5 A0 B/ mm® 3750 3750 3000 3000
5 % AR B / (KN - m®) 4.84x10° 4.84x10° 3.90x10° 3.90x10°

52 4/ (kN +m) 107. 88 69.77 61.65 28. 86

5 B AT /KN 539.4 348. 85 308. 25 144.3

B LG MA/ mm® 2 400 2160 360 120
2N /(KN -m?) 3. 623X 10 3. 310X 10 7.755%10° 4.268%10°
SERLERIEE /(KN -m?) 2. 767X 10° 2.530% 107 5. 797X 10° 3.092x 107
B RARIEE/(KN-m”) 6.390> 10 5. 840X 10° 1.355%10° 7.360%10°

HIE B/ (KN-m) 142. 62 84.43 21.55 5.44

FLHE ST /KN 633.83 375.23 95.71 24. 14
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Fig.4 Finite element model of integrated wing
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Table 4 Load distribution verification

S T A 4= 5% 6% 75
BS54/ (KN-m) 250.5 154.2 83.2 34.3

B A 2:4% %/ (kN+m) 21.0  12.3 14.24 8.3
& BAL/(kN-m) 229.50 141.90 68.96 26.00
T YESE 54 /(kN-m)  97.06 59.56 48.89 21.15
P/ (kKN-m) 132.44 82.34 20.07 4.85

WS AT A R i /% 42,29 41.97 70.89 81.33
WS WAL 1M i b/ % 43.06 45.24  74.10 84.14

/% —0.77 —3.27 —3.21 —2.81
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Fig. 7 Comparison of flange thickness distribution
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Table 5 Comparison of wing structure quality

ZH (PR E S A as
HR R/ kg 144. 80 117.28
PR IX 52 J s it / kg 108. 10 117.99
ST kg 460. 22 442. 41
FRANF /mm 420 410
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