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Table 1 ~ Comparison of strain energies between different methods
strain energy C /]
method
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standard design 1.41x107° 0.89%x1073 4.99x1073
directional shape-preserving design 5.00x10712 0.41x1073 5.25%x1073
traditional shape-preserving design 5.00x10712 2.99x1077 5.50x1073
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R 2 ARREBOH IR REXT L

Table 2 Comparisons of strain energies between different methods

strain energy C /]

load condition standard design directional shape-preserving design
global structure AWEs global structure AWEs
load condition 1 996 1x107? 1016 3x1073
load condition 2 235 2x107 245 6x107
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A Directional Shape-Preserving Topology Optimization

Method With Multi-Point Constraints

ZHU Ji-hong, WANG Lin, LI Yu, ZHANG Wei-hong
( Engineering Simulation & Aerospace Computing Laboratory,
Northwestern Polytechnical University, Xi’ an 710072, P.R.China)

Abstract: Shape preservation of aerodynamic surfaces and functional surfaces was an impor-

tant aspect in aircraft stiffness design. An extended topology optimization method was presented
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with directional shape-preserving constraints, which suppressed the warping deformation of
structural local domains in particular directions and generated required deformation patterns.
On the one hand, artificial weak elements (AWEs) were established with respect to the finite
control points in local shape-preserving domains. Multi-point constraints (MPCs) were further
applied to transfer nodal displacements at the control points to nodes of the AWEs. Strain ener-
gy of the AWEs was then constrained to suppress the warping deformation. On the other hand,
the MPCs were properly defined to transfer only the displacements of the specified degrees of
freedom to be suppressed. Directional shape preservation was in turn achieved. The numerical
examples and optimized designs prove the validity of the proposed method in maintaining direc-
tional shape preservation based on the stiffness maximization topology optimization. Compared
with the existing shape-preserving topology optimization design method, the proposed direc-
tional shape-preserving one brings more flexibility in controlling the local structural deforma-
tion.

Key words: topology optimization; directional shape preservation; artificial weak element;

multi-point constraint; local strain energy
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