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A light weight method of 3D printing model based on periodic cell

XIAO Wen-lei, WANG Zhi-ming, WANG Shi-ping, ZHAO Gang
(School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)

Abstract: In order to obtain the material-saving effect and optimized physical and mechanical properties of 3D

printing models, starting with the lattice shape variability, a lattice-based 3D printing lightweight structure generation

method was proposed. The resulting lightweight structure was employed to replace the solid space of the given model.

Firstly, a general unit cell description method was proposed to design the geometric and topological characteristics of

unit cell. Secondly, the topology skeleton structure, on which the solid modeling was based, was constructed by

periodically arranging lattice units in the bounding box of the model. Finally, a geometric modeling method based on

mesh splicing was utilized to directly construct the STL model, and the lattice solid structure with controllable mesh

quality can be obtained quickly without Boolean operation. The 3D printing molding process suitable for lattice

structure was verified through object printing. Comparisons and analyses were conducted on the geometrical and

mechanical properties of the five kinds of typical lattices serving as a preliminary basis for lattice design and selection.

The examples show that this method can not only save material and improve the strength-weight ratio of the model,

but also guarantee the printability, self-balancing, and the optimization of mechanical properties of the lightweight

model. Compared with previous methods, it is advantageous in variability and efficiency and is applicable to various

engineering applications.
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{
"MouldEdge": [0.0, 0.0, 0.0, 5.0, 5.0, 5.0,

0.0, 0.0, 0.0, 5.0, 5.0, -5.0, 0.0, 0.0, 0.0, 5.0, -5.0, 5.0, 0.0, 0.0,

0.0, 5.0, -5.0, -5.0, 0.0, 0.0, 0.0, -5.0, 5.0, 5.0, 0.0, 0.0, 0.0, -5.0,

5.0, -5.0, 0.0, 0.0, 0.0, -5.0, -5.0, 5.0, 0.0, 0.0, 0.0, -5.0, -5.0, -5.0],
"MouldTolerance": [5.0, 5.0, 5.0]

}
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Fig. 5 Topology definition JSON file of X-shaped cell
((a) Topology definition file of X-shaped cell;
(b) Topology of X-shaped cell)
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Fig. 6 Two frame topologies ((a) Primitives are cube cell;
(b) Primitives are BC cube cell)
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Fig. 7 2-dimensional diagram of a cell array
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Fig. 10 The influence of the number of circumferential
sampling points on mesh quality ((a) 16 sampling points;
(b) 32 sampling points)
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Fig. 12 The effect of Cell model FDM printing ((a) With
water soluble support; (b) Remove water soluble support)
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Fig. 13 Finite element analysis model of X-shaped cell
((a) Load and constraint settings; (b) Finite element analysis
results)
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X % byl NI T LS TT

X-Shape Cube BC Cube Octet FC Cube
HE(g) 0.06 0.11 0.17 0.21 0.24
LB 0.96 0.93 0.90 0.88 0.86
I&A# B 71 (Pa) 12.97 2.45 1.35 1.20 2.49

Ee PR I mm; @K 10 mm
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