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Fig.1 Morphology of 316L stainless steel powder

Fz1 316L AWM R ER S

Table 1 Chemical composition of 316L stainless steel powder («/%)

Cr Ni Mo  Mn Si C S P Fe

17.04 10.57 244 0.80 0.30 0.016 0.003 0.02 Bal
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Fig.2 Models of bec-x lattice structures with x=0.5 (a,—a,), x=0.75 (b,~b,), x=1 (c,—c;), x=1.25 (d,—d,), and x=1.5 (e,—e;): (a,—e,) single cell
structures; (a,—¢,) two-dimensional structures; (a,—e,) three-dimensional structures
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Table 2 Strut diameters and relative densities of designed and actual bec-x lattice structures
Sample bee-0.5 bee-0.75 bee-1 bee-1.25 bee-1.5
D/mm  D,/mm D/mm  D,/mm D/mm  D,/mm D/mm  D,/mm D/mm  D,/mm
Design 0.600 0.300 0.570 0.428 0.540 0.540 0.500 0.625 0.470 0.705
Actual-parallel 0.733 0.423 0.695 0.481 0.662 0.662 0.648 0.743 0.622 0.760
Actual-vertical 0.578 0.292 0.563 0.417 0.532 0.532 0.492 0.613 0.466 0.655
Actual mass/g 2.864 2.858 2.832 2.771 2.845
Designed relative density/% 30.261 29.880 30.017 29.502 30.141
Actual relative density/% 36.007 35.932 35.605 34.838 35.768
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Fig.3 Tensile stress-strain curves of base material (a) and finite element analysis model of quasi-static uniaxial compression (b)
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Fig.4 Macroscopic morphologies of bee-x cells with x=0.5 (a, f), x=0.75 (b, g), x=1 (c, h), x=1.25 (d, i), and x=1.5 (e, j): (a—e) parallel to the

construction direction; (f—j) vertical to the construction direction
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Fig.5 Internal defects of different bee-x lattice structures: (a) bee-0.5; (b) bee-0.75; (¢) bee-1; (d) bee-1.25; (e) bee-1.5
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Fig.6 Compressive stress-strain curves of bee-x lattice structures
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Table 3 Compression performance of bee-x lattice structures obtained by quasi-static compression test

Lattice structure E/MPa o,/MPa o,/MPa SEA/]-g!
bee-0.5 2602.7+55.731 65.788+0.382 108.967+1.076 10.901+0.103
bee-0.75 2750.2+23.567 70.299+0.405 111.217+1.177 11.2744+0.113
bee-1 2794.6+47.570 71.038+0.679 113.431+0.640 11.731£0.064
bee-1.25 2447.7+41.438 64.667+0.546 101.632+0.728 10.565+0.071
bee-1.5 2224.5+29.769 62.611+0.400 101.503+0.657 10.287+0.068
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Fig.7 Effects of strut scale factor x on the compression performance of bce lattice structures: (a) specific stiffness, (b) specific strength and

(c) plateau stress and specific energy absorption
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Fig.8 Compressive stress-strain curves of bee-x lattice structures obtained by FEM (a); comparison of compressive stress-strain curves between
FEM and experiment results (b—f): (b) bce-0.5, (¢) bee-0.75, (d) bee-1, (e) bee-1.25, and (f) bee-1.5
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Table 4 Compression performance of bee-x lattice structures obtained by FEM and its error with experimental values

Lattice structure o,/MPa Error of 5,/% o,/MPa Error of 6,/% SEA/J-g! Error of SEA/%
bee-0.5 72.155 9.678 107.010 1.796 11.518 5.660
bee-0.75 74.474 5.939 110.566 0.585 11.873 5.313
bee-1 76.189 7.251 113.230 0.177 12.133 3.427
bee-1.25 72.911 12.748 107.094 5.374 10.974 3.871
bee-1.5 69.081 10.334 102.355 0.839 10.405 1.147
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Fig.9 Mises stress clouds of quasi-static compression of bee-x lattice structures simulated by FEM
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Effect of Strut Diameter Difference of bee Lattice Structure of 316L Stainless Steel
Prepared by Selective Laser Melting on Compression Performance

Wang Jiandong', Guan Yao', Yang Jinshui’, Wang Dapeng', Dou Wenhao'
(1. College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin 150001, China)
(2. Qingdao Innovation and Development Base, Harbin Engineering University, Qingdao 266000, China)

Abstract: In order to study the effect of strut diameter difference on the compression performance of body-centered cubic (bec) lattice structure,
five bee-x lattice structures with different strut diameters were designed under the same density. 316L stainless steel with bec-x lattice structures
were fabricated by selective laser melting technique. A finite element analysis model of quasi-static compression of the lattice structure was
established using the plastic constitutive model of the material. The experimental and finite element simulation results show that with the increase
in strut scale factor x, the compressive performance of bee lattice shows a trend of first increasing and then decreasing, and when x is greater than 1,
the compressive performance is more sensitive to x. When x is equal to 1, the optimal compressive properties can be obtained. The specific
stiffness, specific strength and specific energy absorption of bee-1 are 986.794 MPa-cm® g™, 25.084 MPa-cm®-g" and 11.731 J/g, respectively.
Compared with bee-1, both the decrease and increase of x will destroy the axial symmetry of the cell, and the larger the x deviating from 1, the
more irregular the distribution of high stress regions between layers, and the more unstable the deformation of the structure. The compressive
performance of bee-1.5 is the worst, and the specific stiffness, specific strength and specific energy absorption are reduced by 20.765%, 12.265%
and 12.309%, respectively, compared with those of bee-1.

Key words: selective laser melting; bec lattice structure; strut scale factor; compression performance; finite element simulation
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