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Fig.5 Finite element model of the aircraft
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Fig.6 Aerodynamic model of the aircraft
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Fig. 8 Symmetric bending-torsion coupling flutter of wing
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Fig. 9 Anti-symmetric hump flutter of wing
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Fig.22 High speed wind tunnel flutter model
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Aeroelastic Optimization of a Composite Wing Structure and Wind Tunnel Flutter Test

Zeng Jie*, Qian Wenmin, Xiao Zhipeng, Liu Chuanjun, Li Dongsheng

Beijing Key Laboratory of Civil Aircraft Structures and Composite Materials, Beijing Aeronautical Science &
Technology Research Institute of COMAC, Beijing 102211, China

Abstract: This paper introduces an aeroelastic tailoring method for a composite wing structure design and
optimization. This method applies a so called bilinear Lagrange shape function to create the design variables for
aeroelastic tailoring of a composite wing structure. Comparing to the common element-based design variable
approach which may generate a non-smooth thickness distribution on skin/spar that may introduce manufacturing
problems or stress concentration, the shape function approach assumes that the thickness distribution on a wing skin
or along a spar can be superimposed by a set of shape functions. In this way, the design variables become the
coefficients of the shape functions. As a result, after the optimizer solves these coefficients, the thickness on each
element can be determined by superimposing the shape function together, and the smoothness of the thickness
distribution is guaranteed. In addition,a CFD based flutter method is applied to accurately capture the transonic flutter
mechanism and utilized as the flutter constraints during the optimization. To illustrate the introduced aeroelastic
optimization method, a composite wing structure of a transport aircraft is optimized and designed. Furthermore, based
on the optimized wing structure, a scaled wind tunnel flutter model is thereafter designed and fabricated, and a high
speed wind tunnel flutter test is implemented to validate the flutter mechanism of optimized wing structure. Finally, the
wind tunnel flutter test result successfully demonstrates that the proposed aeroelastic optimization method is an
efficient approach for aeroelastic tailoring application.

Key Words: composite; wing structure; aeroelastic tailoring; transonic flutter analysis; stiffness extraction; scaled
model design; wind tunnel flutter test
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