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fabricate high density STS316L alloy and its tensile properties
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Abstract To optimize the process parameters of laser powder bed fusion process to fabricate the high density STS316L
alloy, the effect of laser power, scanning speed and hatching distance on the relative density was studied. Tensile properties
of additively manufactured STS316L alloy using optimized parameters was also evaluated accordmg to the build d1rect10n
As a result of additive manufacturing process under the energy density of 55.6 J/mm’, 83.3 J/mm’ and 111.1 J/mm’, hlgh
density STS316L specimens was suitably fabricated when the energy density, power and scan speed were 83.3 J/mm
225 W and 1000 mm/s, respectively. The yield strength, ultimate tensile strength, and elongation of STS316L specimens in
direction perpendicular to the build direction, show the most competitive values. Anisotropic shape of the pores and the
lack of fusion defects probably caused strain localization which result in deterioration of tensile properties.
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Table 1

L-PBF processing parameters along with energy densities, to
study the effect of laser power and scanning speed on the relative
density (Hatching distance = 0.09 mm)

SPL Power Scan speed Energy density
No. (W) (mm/s) (J/mm’)
1 75 500

2 150 1000

3 188 1250 55.6

4 225 1500

5 300 2000

6 112 500

7 225 1000

8 281 1250 83.3

9 337 1500

10 450 2000

11 150 500

12 225 750

13 300 1000 11.1

14 375 1250

15 450 1500
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Fig. 1. Relative density and cross-sectional representative images of L-PBFed STS316L alloy with different laser power and scan-
ning speed (Hatching distance = 0.09 mm).

Table 2

L-PBF processing parameters along with energy densities, to
study the effect of scanning speed and hatching distance on the
relative density (Laser power =225 W)

SPL  Scanspeed  Hatching distance Energy density
No. (mm/s) (mm) (J/mm )
16 750 0.180

17 1000 0.135

18 1500 0.090 55.6

19 1750 0.077

20 2000 0.067

21 500 0.180

22 750 0.120

23 1000 0.090 83.3

24 1250 0.072

25 2000 0.045

26 500 0.135

27 750 0.090

28 1000 0.068 111.1
29 1250 0.054

30 1500 0.045
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Fig. 2. Representative cross-sectional microstructures of L-PBFed STS316L alloy with different scanning speed and hatching dis-
tance (Laser power =225 W).
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Fig. 3. Deviation of relative density of L-PBFed STS316L
specimens fabricated with different energy density.
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Fig. 4. Change of relative density of as-built STS316L specimens fabricated with different energy density; (a) as a function of scan-
ning speed, (b) as a function of hatching distance.
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Fig. 5. Changes in the amount of single and agglomerated spatters (white arrow) with high and low energy density conditions.
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Fig. 6. Tensile stress-strain curves of L-PBFed STS316L specimens; (a) Tensile direction // build direction, (b) Tensile direction L
build direction, (c) Tensile direction £45° build direction.
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Fig. 7. Microstructure and defect shape (blue arrow) of L-PBFed STS316L specimens.
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