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Preliminary structural design method for modular wing
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Abstract: Aircraft modular design can increase the types of missions and reduce costs. In the initial stage of wing
modular structure design, the unclearness of wingtip deformation limits the ability to assess the contribution diffe—-
rences of structural stiffness characteristics among wings with different spans to the system objective function (mini-
mal structural weight). Aiming at the above problems, the weight coefficients of each subsystem level in the sys-
tem level 1s introduced on the basis of the sensitivity coordinated optimization method to simulate the phenomenon
that different subsystems contribute differently to the objective function of the system in the actual design work, and
the computation methods of weight coefficients of the wing structures with different spreading lengths (different
subsystems levels) is given. The sensitivity coordinated optimization method with subsystem level weights is
formed. The preliminary structure design method of modular wing is verified by solving the modular truss and mo—
dular wing structure optimization example. The results show that the sensitivity-coordinated optimization method
that includes subsystem weights can obtain a modular wing preliminary structure that satisfies both strength require-
ments and a certain degree of stiffness.
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Fig.1 Modular structure implementation
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Fig.2 Basic calculation framework of sensitivity

coordination optimization method
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Table 1  Optimization results for modular truss structures (sequential quadratic planning algorithm )
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Table 2 Optimization results for modular truss structures (sensitivity coordination optimization method )
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Ik
1 2 3 4 5 6
HiE1 23.16 12.42 24.15 2.00 16.05 21.08
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it 3 23.16 12.42 24.15 2.00 16.05 21.08
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2;5%33%;3; it 2 22.30 11.33 23. 30 2.00 19.73 24.71
it 3 22.30 11.33 23. 30 2.00 19.73 24.71
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17 T8 m
Mk 1 11.79 21.98 0.781 79.27
F A B AL T 1 i 2 13.69 21.05 0.801 86. 35
Hige 3 15.61 20. 63 0.827 95.78
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Table 3 Parameters of modular wing

RS RIOE W /kg WE/m RO E/g R

A A 2000 6 6.0 4.0
5B 2 200 14 2.5 10.5
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Table 4 Optimization results for common module

5 B /mm BRI RS /mm PEL R EIE /mm
ik
T, T, T T, H, H, H;, H, gl t; I U
M A 2.52 2.00 1.00 1. 00 1.21 1. 00 1. 00 1. 00 3.03 2.00 3.02 2.00
LiyITi i
BS B 2.40 2.00 1. 00 1.00 1.12 1.02 3.50 3.66 3.02 2.00 3.91 2.00
B A 2.36 2.00 1. 00 1.00 1.81 1.00 3.30 4.00 5.51 5.90 3.31 3.34
F AU v O A T 7k
S B  2.36 2.00 1.00 1.00 1.81 1.00 3. 30 4.00 5.51 5.90 3.31 3.34
#5 RIS,
Table 5 Optimization results for individual module
5¢ KR /mm SR ARE S/ mm PSR/ mm®
WZRES
T5 T6 H3 H(i 55 Sbi
. A A 1.00 1.00 1.00 1.00 50. 00 50. 00
LiyIgiwi
BSB 1. 00 1.00 1.06 1.00 165. 50 160. 50
. . IS A 1. 00 1.00 1. 00 1. 00 50. 00 50. 00
T DR AL 7 v
5B 1.03 1.03 1. 00 1. 00 188. 00 184. 50
®6 LI ILALAR AT
Table 6 Comparison between optimization results for wing structure
WZRES Bt /kg RGN/ % PRI /mm
‘ A= 47.80
L1t
5B 95.28
A A 56.07 17.3 49.7
F AU B AL T 1
5B 99.20 4.1 414.6
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Fig. 7 Deformation clouds under the sensitivity IE /N TR A RS A RIS B YA Y o
coordination optimization method mE 8 il o
FT IR A2
Table 7 Optimization results for common module
. 5 JZ R /mm SR AR R &/ mm PG )R /mm
’]‘1 ’I‘Z '1‘3 'I‘-L Hl HZ Hli H4 Zl [2 lf% [4
MEA 236 2,00 1.00 1.00 1.81 1.00 3.30 4.00 551 590 3.31 3.34
AP A TS 1
MEB 2.3 200 1.00 1.00 1.81 1.00 3.30 4.00 551 590 3.31 3.34
sTzsmmEns HPA 280 281 164 164 153 169 400 352 417 3.90 3.11  2.99
MPEHIETTE  mwep 280 2,81 1.64 1.64 153 1.69 4.00 3.52 4.17 3.90 3.11  2.99
#8 LMY AR S
Table 8 Optimization results for individual module
5% [ JE B /mm PR S B/ mm P2 410 B/ mm”
W7
T5 T6 H5 Hﬁ SS 56
A 1.00 1.00 1.00 1.00 50. 00 50. 00
RAE MR A i
LURA 1.03 1.03 1.00 1.00 188.00 184.50

S F RGN R A 1.00 1.00 1.01 1.01 50. 50 50. 00

UL DL AL ) ik BEB 1.09 1.09 1.06 1.06 185. 00 175. 00
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Table 9 Comparison between optimization results for wing structure
WIR7A Ji kit /kg BN/ % FIAIE /mm TGN %
B A 56.07 50.3
T P AL T 1
5B 99. 20 412.5
JI:I
& T RGBT R B A 67.27 19.9 42.8 13.9
SR DRI AL Ty ik A5 B 112.16 13.1 371.4 10. 4
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