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Multidisciplinary Design and Optimization of Trailing Edge of
Morphing Wing
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Abstract: Morphing aircraft could change its shape to adapt to the different flight conditions and improve the
flight performance. Morphing aircraft design involves aerodynamics, materials, structure and other
disciplines. With zero Poisson’s ratio honeycomb structure material as the flexible skin, a seamless deflection
trailing edge of wing is designed. The reference area of the wing does not decrease due to changes in camber.
And the multidisciplinary design optimization of the morphing wing trailing edge is studied. The optimization
results show that the optimized wing provides good aerodynamic performances under cruise and takeoff and
landing conditions. The flexible skin can produce a large-scale tensile deformation, the trailing edge structure
of wing meets the stiffness, strength and other performance requirements, and the weight of the wing
structure is reduced by 18% compared with the initial design. The studied multidisciplinary design and
optimization method of morphing wing can quickly and effectively complete the seamless deflection trailing
edge of wing design and optimization.
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Table 1 Distances between beam and wing root
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Table 2 Variable range of structural optimization design

B AR 4 TR /mm L BR/mm
Sui~Sus 10 30
S~ Sis 10 30
B, 31 35
B, 26 30
B, 21 25
B, 16 20
B; 11 15
By 6 10
B; 2.3 2.7
D,~D; 5 25
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Table 3 Properties of wing structural elements
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73 3 1 M AR 1 AR/ mm? 2
QB 5, 1) A1 R 18] )2 &/ mm 5
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Table 6 Results of airfoil optimization with Ma=0. 8
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Table 5 Constraints of structural optimization
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e Table 9 Optimization results of honeycomb structure
20 parameters
sl s BH WA ffs B
| h 0.866  2.23 0.5~2.5
’10 B / e
; 0.5 0.1 0.1~1
i et wites °
U051 & o 7 1 0.5 0.5~2
00} S e, ‘ 01 025  001~03
i et EJ/MPa 213 29
0.5 = L PERE G B X
: PRSI s 31623 79 968
10750 02 04 06 08 10 12
(@) Ma=03 AT T, B RO 40 0. S PR HLRR 45
o - P B A 25 R L 10, 1 T8 5

o MRALREY

1.0

0.4 0.6 0.8 1.0

[=1
(=1
(=]
3]

X
(b) Ma=0.7
K9 RAE 2822 2 i 38 A1 H0 It (L 328U 1§ g 22 Hxd Lo
Fig.9 Comparison of pressure coefficient between RAE

2822 reference airfoil and optimized airfoil
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Table 8 Results of airfoil optimization under takeoff and

landing condition

Mm% wihE i B (e v
U 0.035 0.038 1 0.03~0.04
u, —0.012 —0.0087  —0.017~—0.007
u; —0.048 —0.0430  —0.053~—0.043
A —0.03 —0.0274  —0.035~—0.025
ly —0.045 —0.0379 —0.05~—0.035
4y —0.065 —0.062 1 —0.07~—0.06
Z, —0.1 —0.1091 —0.110~—0.095
Cy 1.798 73 2.032 65
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Table 10 Optimization results of wing structural design
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