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Fast topology and orientation optimization for multilayer composite components
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Abstract : To improve the efficiency of topology and orientation optimization for multilayer fiber-reinforced composite
components, and to address numerical issues such as “undercut” structures and local optima in fiber orientation during the optimiza-
tion process, a rapid optimization method based on sensitivity penalties and clustering algorithms was proposed. Firstly, based on the
unit update characteristics of the bi-directional evolutionary structural optimization method, a layer-based penalty was applied to the
sensitivity values of each layer’s elements, which enabled the preferential removal of upper-layer materials and prevented the occur-
rence of "undercut" structures. Secondly, the finite element theory and constitutive matrix properties were utilized to simplify the
sensitivity calculation formula, significantly enhancing optimization efficiency and further streamlining the orientation optimization
model. Subsequently, a one-dimensional clustering algorithm and filtering algorithm were employed to avoid local optima and
obtained the optimal angle for each element. A multi-dimensional clustering algorithm was then applied to derive the fiber orienta-
tion distribution for each layer, leading to the determination of the laying paths for each layer. Finally, the results of the optimization
were realized through an automated fiber placement system. Comparative results indicate that the proposed method effectively
addresses numerical issues in the optimization process, reducing the structural volume fraction to 40% , improving optimization effi-
ciency by 35.9%, enhancing structural stiffness by 17%,and producing laying trajectories with good manufacturability.
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