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Fig.3 Morphology of AISi10Mg powder

%1 AISiLOMg # KW ZE 5
Table 1 Chemical composition of AlISil0Mg powder (w/%)

Si Fe Mn Mg Ti Ni Zn o} Al

10.11 0.085 0.20 0.35 0.013 0.0046 0.043 0.04 Bal.
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Fig.4 Stress-strain curves for uniaxial tensile sample
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Fig.6 Macro images of lattice structure samples
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Table 2 Measured dimensions, mass and density of the lattice structure samples
Type Angle direthliJ(;Ld/mm x-direction/mm  y-direction/mm Mass/g  Density/g cm™ EZLastilt\;f

0° 40.35 41.72 41.71 43.15 0.61 0.23

15° 40.35 41.72 41.70 43.12 0.61 0.23

bec 30° 40.35 41.72 41.72 43.69 0.62 0.23
45° 40.33 41.70 41.72 40.10 0.57 0.22

0° 40.40 37.03 37.04 34.81 0.63 0.24

Dia 15° 40.34 37.05 37.05 34.75 0.63 0.24
30° 40.34 37.04 37.06 34.87 0.63 0.24

45° 40.33 37.04 37.08 34.82 0.63 0.24
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Fig.7  Compressive curves of bcc (a) and Dia (b) lattice

structures in different directions
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Fig.9 Compression curves of bcc lattice structures in different diretions: (a) 0< (b) 15< (c) 30< and (d) 45°
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Fig.10 Compression curves of Dia lattice structures in different directions: (a) 0< (b) 15< (c) 30< and (d) 45°
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Table 3 Simulation and experimental yield strength of lattice structures in different directions
0° 15° 30° 45°
Type
bcc Dia bcc Dia bcc Dia bcc Dia
Experimental yield strength/MPa 10.44 17.50 11.86 18.14 14.43  19.56 17.04  20.59
Simulation yield strength/MPa 9.12 16.10 11.35 16.53 13.23  18.92 16.15 19.82
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Fig.11 Deformation comparison between experimental and simulation results of lattice structures in different directions
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Fig.12

Stress-strain, energy absorption-strain and energy absorption efficiency-strain curves of bcc (a~d) and Dia (e~h) lattice structures

in different directions: (a, €) 0< (b, f) 15< (c, g) 30< and (d, h) 45°
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Fig.13 Energy absorption properties of bcc and Dia lattice structures: (a) SEA, (b) CLE, and (c) densification strain
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Table 4 Energy absorption properties parameters of bcc and Dia lattice structures
Tvoe 0° 30° 45°
yp bcc Dia bcc Dia bcc Dia bcc Dia
SEA/l g™ 9.66 12.44 9.60 12.96 12.31 14.44 13.04 17.66
CLE 1.07 0.79 0.99 0.80 0.97 0.86 0.79 1.01
Densification strain 0.54 0.58 0.52 0.58 0.56 0.55 0.57 0.55
5] Xiao Lijun, Song Weidong. International Journal of Impact
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Effect of Anisotropy on Mechanical Properties of Lattices Structures Manufactured by
Selective Laser Melting

Wu Hongfei', Wang Weirong? Wang Guowei®, Sun Chaoming®, Zhang Wenkang®, Shen Xianfeng®, Chen Jinming*
(1. Institute of Machinery Manufacturing Technology, China Academy of Engineering Physics, Mianyang 621900, China)
(2. Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: The metal lattice structures manufactured by selective laser melting (SLM) has a wide range of engineering applications in
aerospace and other fields due to its advantages such as large freedom of structural design, light weight, shock absorption and so on.
However, the research on its mechanical properties is still insufficient. In this study, body-centered cubic (bcc) and Diamond (Dia) lattice
structures with different directions were designed, and AISi1l0Mg lattice structures were manufactured by SLM. Compressing tests were
carried out on the formed samples. Combined with finite element analysis (FEA), the anisotropy effects of lattice structures on the
compression and energy absorption properties were studied. The results show that bcc and Dia lattice structures have obvious anisotropy.
In the case of roughly the same relative density, from 0°to 45< the yield strength increases obviously with the increase of the angle. The
anisotropy of the bcc lattice structure has a more obvious effect on the compressive yield strength, and the yield strength of the Dia lattice
structure is significantly higher than that of the bcc lattice structure. The specific energy absorption (SEA) of the lattice structure in
different directions is obviously different. From 0°to 45< as the angle increases, the specific energy absorption increases significantly. The
specific energy absorption of the Dia lattice structure is significantly higher than that of the bcc lattice structure. The crash load efficiency
(CLE) of the lattice structure in different directions is obviously different. The CLE of bcc lattice structure reaches a maximum of 1.07 in
the O<direction and gradually decreases with the increase of lattice structure angle. The CLE of the Dia lattice structure increases with the
increase of lattice structure angle and reaches the maximum of 1.01 in the 45<direction.

Key words: selective laser melting; lattice structures; compression performance; energy absorption properties
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