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Tree support algorithm based on improved genetic algorithm
ZHANG Shuming', CAO Xinyu',ZHANG Tangsiyuan', SUN Xiaoyu’,ZHANG Jinke' ,HAN Xiaoyu'
(1. Zhejiang University of Science and Technology, School of Biological and Chemical Engineering, Hangzhou 310000, China;
2. Zhejiang Jinzhao Intelligent Technology Co., Ltd., Jiaxing 314213, China)

Abstract : In the process of additive manufacturing, the bottom of the high inclination area of the part model is suspended,
which often leads to collapse and printing failure. In order to solve this problem, a tree support structure generation algorithm
applied to stereolithography technology was proposed. The algorithm combines hierarchical clustering algorithm and improved
genetic algorithm to realize the automatic construction of tree support structure. At the same time, in order to improve the efficiency
of vertex storage in STL files, the algorithm uses hash algorithm to map the association between vertices and triangular patches, so
as to realize the fast index of normal vectors of vertices and triangular patches. By dividing the support area into two-dimensional
projection grids and combining the three-dimensional support points generated by the collision algorithm, the iterative optimization
of the improved genetic algorithm was used to obtain the tree-shaped support intermediate nodes with global optimization, and then
the automatic generation of the support structure was realized. Compared with the traditional geometric construction method, the
algorithm can constrain the solution space and achieve the goal optimization while ensuring the stable printing of the three-
dimensional model. In addition, the algorithm has high computational efficiency in the range of reasonable algorithm iterations,
which effectively reduces the time consumption. Compared with the support algorithms of foreign commercial software such as
Materialise Magics on the market, this algorithm can achieve an average material saving rate of 20%-30% on different complexity
models,and has a more obvious optimization effect.

Keywords : additive manufacturing ; tree support ; genetic algorithm ; clustering algorithm ; optimized structure
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Fig. 1 Projection support structure
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Fig.4 Tree support diagram constructed by traditional geometric method
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Tab.1 GA,, algorithm parameters

Parameter Numerical value
Iteration times 100
Initial population size 1 000
Chiasma intensity eta=20
Sigma 0.1
Tolerability 30
1.1372 + 11.296
11370} 11.294
1.136 8 - 11.292
1.136 6 - 41.290
é 1.136 4 - +11.288 <§
1.1362 + 11.286 ©
1.136 0 - 11.284
1.1358 - 11.282
11356 —| 11.280
1.1354 ! ! ! ! ! ; 1.278
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Fig. 11 Comparison diagram of individual fitness
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Tab.2 Experimental model parameters

Part name(STL) Number of facets Volume/mm’®
Table lamp 7451 2939.818
Bunny 84 847 27 084.257
Pikachu 406 241 12 053.993

#x3 ZTHRLERWTEER)

Tab.3 Comparison of experimental results (volume)

Part name Proposed algorithm Magics Saving material
(STL) algorithm rate/%
Bunny 789.429 1061.073 25.60

Table lamp 216.289 312.619 30.83

Pikachu 572.991 736.679 22.21
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Tab.4 Comparison of experimental results (time)

Pa(rst;ir)“e agjﬁﬁﬂ 10 times 50 times 100 times 200 times
Bunny 3.86 121 1.98 233 411
Table lamp ~ 1.33 0.21 0.58 0.92 171
Pikachu 2.42 0.83 1.92 2.62 3.87
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Fig. 16 Actual printed product comparison map
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