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Fig. 3 Directional self-supporting sensitivity filter
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Topology optimization of self-supporting structure for additive manufacturing

by gradual evolution strategy

ZOU Jun"', YAO Wei-xing?, ZHANG Yue-chao', FENG Zhen-yu'
(1. College of Airworthiness,Civil Aviation University of China, Tianjin 300300, China;

2. College of Aerospace Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract; Topology optimization and additive manufacturing are respectively the advanced structural
design and manufacturing technologies. The combination of topology optimization and additive
manufacturing can bring significant synergetic benefits. The additive manufacturing processes have
certain manufacturing constraints, and this paper focuses on the topology optimization algorithm
considering the self-supporting constraint, which can reduce the material and time costs. Based on the
SIMP framework,an explicit constraint function is devised to quantify the self-supporting characteristic.
The optimization process considering the self-supporting constraint is then developed, in which the
optimization realizes self-support through gradual structural evolution. A corresponding sensitivity
analysis method is proposed,which can be used in parallel computation. A directional sensitivity filter is
proposed to promote the evolution of supporting structures. Three numerical examples are adopted to
verify the proposed method, and the results show that the proposed directional sensitivity filter is
effective, and all results realize self-support. Besides, the results indicate better manufacturability

compared with the typical methods considering self-supporting constraint.

Key words: topology optimization;additive manufacturing;self-supporting constraint;sensitivity analysis;

gradual evolution
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