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Abstract Selective laser melting (SLM) is used to prepare 316L stainless steels. Further, the effects of laser
power, scanning speed, and scanning spacing on the formation of cracks are studied in detail, the morphologies,
chemical compositions, types of the precipitated phases, and grain sizes of the cracks are discussed, and the
microstructures and formation mechanism of the cracks at different positions are presented. The results denote that
the cracks mainly include micropore aggregation cracks, bubble aggregation cracks, and hot cracks. With the
increase of linear energy density, the numbers of micropore aggregation cracks and bubble aggregation cracks are
observed to initial increase and subsequent decrease; however, the number of hot cracks is observed to unidirectional
increase. Under the optimal process parameters (a linear energy density of 222.2 J/m, a laser power of 200 W, and
a laser scanning speed of 900 mm/s), the samples containing a small number of pores but no lacking cracks and no
bubbles are obtained.
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Table 1

Chemical composition of 3161 stainless steel used

in SLM forming (mass fraction, %)

Cr Ni Mo Mn P Si S C
16.0- 10.0- 2.0-
18.0  14.0 3.0

<2.00 <<0.035 <C1.00 <<0.03 <<0.03

Bl 1 316L REEHIMHAIE
Fig. 1 Morphology of 316L stainless steel powder
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Table 2 Process parameters for SLM formation

No. 1 2 3 4 5 6
Power /W 200 200 380 350 380 350
Speed /

( 1 1100 800 800 600 600 400
mm * s

Line energy

density /  181.8 250.0 475.0 583.3 633.3 875.0
(Jem YD

EERE

o hFEE 6

2 FTERRE & 2 W
Fig. 2 Macrographs of printed samples
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Fig. 3 Cracks under different process parameters. (a) Line energy density of 181.8 J/m; (b) line energy density of

250 J/m; (c¢) line energy density of 475 J/m; (d) line energy density of 583.3 J/m; (e) line energy density of
633.3 J/m; (f) line energy density of 875 J/m
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Table 3 EDS analysis results of typical pointsinside and outside cracks (mass fraction, %)

Element Fe Cr Ni Mo O C S K Cl Ca
Point 1 66.0 17.8 12.9 2.5
Point 2 34.1 13.5 7.1 12.7 1.1 0.3 0.1
Point 3 53.5 2.0 1.0 37.1 5.1 0.3 0.3 0.3
E/-\;o " .
8
RE R o\
-7 € )
- » TR B ,.
4 . 10
Bl 8 Z80hk EBSD . (a) Z80Ab Sk I 51 AR S 5 (b) 248040 B ) AH 20 5%

Fig. 8 EBSD diagram of crack. (a) Morphologies and sizes of grains at cracks; (b) precipitated phase compositions at cracks
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Fig. 9 Micromorphology at end of hot crack in 316L steel
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Table 4 EDS analysis results of typical points inside

and outside cracks

Element Point 1 Point 2 Point 3 Point 4
Cr 24.00 18.29 16.85 19.64
Fe 76.00 59.88 64.35 72.56
Ni 21.83 15.5 6.28
C 3.33
O 2.08
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Fig. 10 Defect maps. (a) Digital photographic physical map; (b) surface morphology of the sample
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