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Effects of Bulk Laser Energy Density on Anisotropy of Selective Laser
Sintered 316L Stainless Steel

Zong Xuewen'", Gao Qian', Zhou Hongzhi*, Zhang Jialiang', Qi Tengbo®
?Suzhou Zhongrui Zhichuang 3D Technology Co., Ltd ., Suzhou, Jiangsu 215223, China

Abstract Selective laser melting (SLM) is used to rapidly form 316L stainless steels formed when the laser rotation
angle is 73° and the powder layer is 30-um thick, and the effects of bulk laser energy density and forming direction
on the anisotropy of microstructure and mechanical properties of the formed parts are studied. The results show that
the forming direction has a great influence on the mechanical properties, and the anisotropy of the mechanical
property varies with the anisotropy of the microstructure. As the bulk laser energy density increases, the surface of
the molten pool tends to be flat, the grain growth directions of formed part become singular in the x and y
directions, and the grain growth direction of formed part in the 2 direction is obviously orientation-dependent. When
the bulk laser energy density is 65-85 J*mm *, the crystal growth direction is well aligned with the stacking
direction, and the tensile strength and the percentage elongation after {racture are optimal. Therefore, the bulk laser
energy density can be used for controlling the microstructure and mechanical properties of formed parts.

Key words  materials; selective laser melting; anisotropy; 3161 stainless steel; bulk laser energy density;
microstructure
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Table 1 Powder characteristics
Tap density / Apparent density /  Compression
Dy, /pm Ds, /pm Dy, /pm ) ) o Flowability /s
(geem ) (geem ™) limit
Hall:17.03
26.51 36.17 52.47 4.76 4.00 16
Carney:3.79
# 2 316L ANEEWAY FZALE ML I>
Table 2 Main chemical composition of 3161 stainless steel
Element O C Cr Si Fe Mn Ni S P
Mass fraction /% 0.0451  0.0095 17.92 2.42 0.52 Bal. 0.051 12.04 0.0104
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Table 3 Four-factor-three-level orthogonal test

Factor
Scan Scan
Level Laser Growth
speed /  spacing / ) )
power /W direction
(mmes ) mm
1 200 800 0.06 z
2 170 1100 0.08 v
3 140 1400 0.10 x
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Table 4 Arrangement and results of orthogonal test

Trial Laser Scan speed / Scan Tensile strength /MPa
number power /W (mmes ") spacing /mm x direction vy direction 2 direction
1 200 800 0.10 755.00 717.67 637.03
2 200 1100 0.08 740.11 713.23 642.30
3 200 1400 0.06 729.34 707.22 632.84
4 170 800 0.06 698.02 702.35 621.01
5 170 1100 0.08 711.62 730.43 652.61
6 170 1400 0.10 611.43 619.95 552.26
7 140 800 0.08 726.23 732.45 659.87
8 140 1100 0.10 617.40 631.23 553.40
9 140 1400 0.06 701.02 704.44 634.94

B3 REEEOLHREE®ET 316L AEMRTHEIIES . (2) 40.48 Jemm ™ *;(b) 42.42 Jemm ™ *;(c) 55.56 Jemm *;
(d) 64.40 Jemm ?;(e) 72.92 Jemm *;(f) 75.76 Jemm *;(g) 79.37 Jemm *;(h) 83.33 Jemm *;(i) 118.06 Jemm *

Fig. 3 Surface weld pool morphology of 316L stainless steel obtained at different bulk laser energy densities.
(a) 40.48 Jemm *; (b) 42.42 Jemm *; (c¢) 55.56 Jemm *; (d) 64.40 Jemm *; (e) 72.92 Jemm °*;
(f) 75.76 Jemm *; (g) 79.37 Jemm *; (h) 83.33 Jemm *; (i) 118.06 Jemm *
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Fig. 4 Scatter plot of bulk laser energy density

versus tensile strength
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Fig. 6 Microstructures of x-direction and y-direction formed samples at different bulk laser energy densities.
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Fig. 7 Microstructures of z-direction formed sample at different bulk laser energy densities.
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