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Structural Design and Test Verification of Composite Wing for
High Load and Large Sweepback UAVs

CHEN Gang, WANG Xiaopei, SONG Jun, TANG Junjun, SHEN Haojie
(Nanjing Research Institute of Simulation Technnique, Nanjing 210016, China)

Abstract: As a key part of unmanned aerial vehicles (UAVs), the structural design of wings has an important
effect on the reliability of UAVs. A small thickness, high sweepback and high-bearing composite wing with
single-closed room and rectangular beam is designed to meet the requirements of high speed and large
maneuvering UAVs. The finite element model of the designed wing is established in ANSYS software. The
strength analysis of metal and composite structure in the wing is carried out using von-Mises criterion and
Tsai-Wu criterion, respectively. The reliability of structure design and the accuracy of finite element model
are verified by the static experiment. The results show that the simulation results have good agreement with
the experimental data, and the error of displacement and strain is within the allowable range. The
experimental results show that composite wing with single-closed room and rectangular beam has good
technology, high bearing capacity and good symmetry. Its strength, stiffness and ratio of load to weight are
beyond the traditional wing, which provides a reference for the structural design of higher performance
composite wings.
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Fig.1 Structure diagram of composite wings

Hh g 3 R AR5 AR 2 1 R B R AR, #1
BHER TCAM B HILR L TS ZREHIE G
VAR 25 R A il ) ) R AR P BILEE B BT R
T 04 P 2 4 138 LR A SRR 0 HH AR, 2 A BB 9 1 TR
A B 4R ML 3R R MR RS E R AR o 4 R AT 2
JR

U ATE S

RIER  wismivk
RAR DI

K2 T REs R K

Fig.2 Structure diagram of rectangular beams
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Fig.3 Distribution of wing ribs
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Fig.4 Structure diagram of aileron
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Table 1 Basic mechanical property parameters of wing

metal materials

S TC4 2A12 30CrMnSiA
E/GPa 110 68 196
1 0.3 0.33 0.3
0,/MPa 825 424 835
0./MPa 895 549 1080

x2 HNEEEGHMBHNERNZFERESH
Table 2 Basic mechanical property parameters of wing

composite materials

BH T700 T800
E,/GPa 66.65 66.65
E,/GPa 66.65 7.75
G./GPa 4.25 4.15

ths 0.28 0.22
X,/MPa 600 1700
Y,/MPa 600 27

S/MPa 70 85
X./MPa 380 730
Y./MPa 380 125
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Fig.5 Finite element model of wing structure
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Fig.6 Partition plan of pneumatic load
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Table 3 Maximum aerodynamic load of each zone

X 380 44 F./N F,/N F./N
11 —7.03 —137.37 1058.23
12 41.26 —97.01 985.97
13 84.04 —52.39 764.17
21 —50.15 —200.56 1 280.64
22 41.38 —95.92 951.94
23 56.95 —24.87 463.65
31 —177.94 —229.03 1316.40
32 36.07 —91.34 879.51
33 20.51 —29.45 347.71
41 —83.06 —220.78 1212.96
42 24.76 —88.44 801.53
43 7.71 —14.19 150.81
51 —79.84 —215.63 874.96
52 10.80 —99.57 450.82
53 10.37 —6.83 6.94
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Fig.7 Displacement nephogram of whole wing
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Fig.8 Stress nephogram of central skeleton
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Fig.9 Stress nephogram of skin (X-direction)

P—-

-328.496 -178.187 -27.878 122.431 272.74
253342 -103.033 47.276 197.586 347.895

K10 IRz B (X Jr )

Fig.10  Stress nephogram of rectangular beams (X-direction)
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Fig.11 Stress nephogram of wing ribs (X-direction)
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Table 4 Safety coefficient of each part
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/ 2.13 3.06 2.53
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Fig.12 Diagram of wing installation
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Fig.13 Measuring-points arrangement on the wing surface
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Table 5 Comparison between experimental and simula-

tion results
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