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Robust aeroelastic optimization design of a composite wing
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(1. School of Aeronautic Science and Technology, Beijing University of Aeronautics and Astronautics,

Beijing 100191, China; 2. Xi'an Institute of Modern Control Technology, Xi’an 710065, China)

Abstract: Robust optimization design of aeroelastic structures was investigated by using the genetic — gradient
hybrid algorithm. The method was applied to an optimization design process of a robust aeroelastic structure with
the high-aspect-ratio composite wing., which demonstrates the applicability and the efficiency of the method. The
difference was revealed by comparing a robust structural optimal design with a traditional optimal design. The
research indicates that a structure resulting from an optimization, in which the robustness constrains are taken into

account, is more anti-jamming than a structure resulting from a traditional way, when the design variables are

uncertain. However, the mass increment is paid for satisfying the robustness requirement. The higher robustness

the structure needs, the greater the mass increment is.
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Aerodynamic model
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Fig.1  Structural finite element model and
acrodynamic model of the wing
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Table 1 Responses of original wing

. X Before After
Response Constraint . .
perturbation perturbation
m/ % — 100 93.1
D/% <10.0 9.7 10.5
[o] /(%) <0.5 0.15 0.17
Vi/(mes™ 1) =300 322 306
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Fig. 2 Iteration history of total fitness and structural mass
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Table 2 Responses of traditional optimal solution

. . Before After
Response Constraint . .
perturbation perturbation
m/ % 87.1 80. 6
D/% <10.0 10.0 10.9
[6]/¢ <0.5 0.333 0.371
Vi/(mes™1) =300 300 284
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Table 3 Responses of robust optimal solution

Mass . . Before After
. Constraint . X
coefficient perturbation perturbation
D/% 8.4 9.2
a,=1.0 [o]/C) 0.139 0.156
Vi/(mes™ 1) 352 334
D/% 8.5 9.2
a:=2.0 [/ 0.083 0.097
Vi/(mes™1) 357 335
D/% 8.3 9.0
a,=3.0 [81/(" 0.010 0. 004
Vi/(mes™ 1) 340 324
x4 EERUBHRETL
Table 4 Mass variation of robust optimal solution
M Before After B
ass —
(ficient perturbation perturbation T/%
coellicien
A/% B/ %
a,=1.0 106. 2 98.0 —7.72
a,=2.0 109. 7 101. 7 —7.29
a,=3.0 110.9 103.0 —7.12
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Fig. 3 Iteration history of structural mass for different

perturbation limitations
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