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Influence of Heat Treatment on Lattice Structures Properties Based on
Selective Laser Melting

NIE Yunfei"?, TANG Qian"*>, LI Kun"*®, WANG Haoyu"*, WU Haibin', WANG Binsheng',
QIN Changliang', YANG Zhen’, SHI Jia’

(1. College of Mechanical and Vehicle Engineering, Chongqing University, Chongqing 400044, China;
2. Chongqing Key Laboratory of Metal Additive Manufacturing, Chongqing 400044, China;
3. State Key Laboratory of Mechanical, Transmission for Advanced Equipment, Chongqing 400044, China;
4. State Energy Group Shendong Coal Group Co., Ltd, Ordos 017200, China;
5. Chonggqing Gearbox Co., Ltd., Chongqing 402263, China)

[ABSTRACT] Selective laser melting (SLM) technology is an ideal process for preparing complex lattice structures
because of its unique forming principle. The effects of heat treatment on microstructure, mechanical properties, fracture
mechanism and energy absorption characteristics of titanium alloy skeleton and sheet structure were analyzed by numerical
simulation and experiment. The results show that the o+ phase is evenly distributed in titanium alloy after solution
aging heat treatment, and the o' phase martensite gradually decreases and P phase increases with the increase of solution
temperature. Under different heat treatment conditions, the compression strength of sheet structure is 1.81~2.17 times that
of skeleton structure, and the stress of platform is 3.1 times that of the latter, but the elastic modulus of the two is similar.
At the same time, the heat treatment process has little effect on the mechanical properties of the skeleton structure and great
effect on the sheet structure. Both types of structures show the phenomenon of 45° diagonal shear fracture and fracture
zone transfer. The energy absorption efficiency of the skeleton structure is much higher than that of the sheet structure,
but the accumulated energy absorption amount is low. The heat treatment process does not improve the energy absorption
performance of the measured structure.

Keywords: Selective laser melting (SLM); Lattice structures; Heat treatment; Mechanical properties; Fracture mechanism;

Energy absorption performance
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Impact Properties of Porous Structures Formed by Laser Powder Bed Melting

YUE Xuezheng, LIANG Kunyi, LU Songhao, TANG Hulin
(University of Shanghai for Science and Technology, Shanghai 200093, China)

[ABSTRACT] Porous structures have been widely used in aerospace devices and biomedical instruments because of
their good specific strength and energy absorption. The mechanical properties of porous structures largely depend on the
deformation mechanism of structural units, so it is very important to fully understand the structural evolution of porous
structures in the process of impact loading. In this paper, the 3D Voronoi technology was used to design the decahedron
(Octa) with 80% and 90% porosity. The samples of porous aluminum alloy with two kinds of porosity were prepared by
selective laser melting (SLM) forming technology. The drop hammer impact experiment was carried out to explore the
energy absorption of porous structures with different porosity under the impact load. In the finite element simulation, X-ray
transmission computed tomography (X-CT) was used to reconstruct the geometry model of the porous structure to explore
the actual deformation mechanism and pore fracture mechanism of the porous result. The results show that the energy
absorption of porous structures decreases with the increase of pores, and porous structures with high porosity are more
likely to form multiple local dense regions in weaker locations. Meanwhile, the bending and yielding of cell walls generally
occur during the collapse of pores, and the deformation is often propagated through the formation of several narrow
collapse zones. In this paper, we have a new understanding of the deformation mechanism of Octa structures under impact
load, which is of great significance to the impact resistance design and energy absorption evaluation of porous structures.
Keywords: Porous structure; Selective laser melting (SLM); X-ray transmission computed tomography (X-CT);
Impact resistance; Energy absorption
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