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Fig.3 Schematic diagram of high-order linear elements

with different densities
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Fig.6 Model diagram of variable section thickness bending

forming method
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Table 1 Joint optimization parameters of leading edge

skin with variable section thickness
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4 75.30 2.61
5 345.64 5.93
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Fig.7 Geometric relationship after joint optimization of

leading edge skin with variable section thickness
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Fig.9 Geometric relationship of leading edge skin

driving optimization results
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Fig.10 Schematic diagram of optimization model of

leading edge driving mechanism
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Fig.11 Topology optimization results of leading edge skin

driving mechanism
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Table 3 Optimization results of driving force of trailing

edge skin
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Fig.13 Optimization results of trailing edge skin airfoil curve
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Fig.15 Forming effect of skin with variable section thickness

at leading edge
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Fig.18 Initial state of prototype leading edge experimental device
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Structural Design of Deformable Wing Based on Hyperelastic Material Topology
Optimization Method

Ge Wenijie, Zhang Yonghong, Liu Bo, Zhang Zi’ang, Li Yuzhu
Northwestern Polytechnical University, Xi’an 710072, China

Abstract: The deformable wing based on flexible mechanism can change its shape with the change of flight
conditions so as to effectively improve the aerodynamic aircraft performance and reduce the noise. At present, the
topology optimization method based on linear elastic material is mostly used in the design for flexible mechanism. The
deformation of flexible mechanism designed by this method is small, which cannot make the wing achieve large
deformation angle. In order to solve the problems above, the topology optimization method based on hyperelastic
materials is used to design the internal flexible mechanism of the leading edge and trailing edge. In addition, when the
wing leading edge skin is equivalent to multiple groups of cantilever beam models, the skin with variable section
thickness is designed combined with genetic algorithm, and the initial leading edge skin shape is obtained by bending
forming method. According to the characteristics of the design area in the wing, the reasonable driving force position
and size are optimized. Finally, according to the results of topology optimization, the prototype of deformable wing is
designed and manufactured, and its deformation effect is tested. The experimental results show that the prototype of
deformable wing has good ability of large deformation and continuous deformation.

Key Words: flexible mechanism; hyperelastic material; topology optimization; morphing wing; genetic algorithm
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