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Effect of 316L. SLM Forming Process on Sliding Wear
Characteristics and Hardness

HUANG Ming-ji, YANG Ying-chao, FENG Shao-chuan

(University of Science and Technology Beijing, Beijing 100083, China)

ABSTRACT: The work aims to improve the wear resistance and hardness of 316L stainless steel formed by selective laser
melting (SLM). In the range of energy density 50 to 110 J/mm® and hatch space 0.04 to 0.12 mm, 12 kinds of 316L stainless
steel samples were prepared through SLM by changing the energy density and hatch space. The effects of process parameters on
the wear characteristics and hardness of SLM-formed 316L stainless steel samples were investigated by surface roughness
masurement, porosity measurement, pin-on-disk friction test and Brinell hardness test. When the energy density was 90 J/mm®
and the hatch space was 0.12 mm, the surface roughness was the smallest, reaching 5700 nm. When the porosity ranged from
12.35% to 0.94%, and the porosity of the sample with hatch space of 0.12 mm was smaller than that of sample with the hatch
space of 0.04 mm and 0.08 mm. When hatch space remained unchanged, the porosity decreased as the energy density increased.

When the energy density was 50 J/mm’, the friction coefficient and wear rate of samples with hatch space of 0.12 mm were
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smaller than those with s hatch space of 0.04 mm and 0.08 mm. When the energy density remained unchanged, the hardness of

the sample with hatch space of 0.12 mm was higher than that with hatch space of 0.04 mm and 0.08 mm. The surface roughness

and porosity of the molded samples are affected directly by the change of hatch space and energy density. The surface roughness

and porosity decrease with the increase of hatch space. Wear and hardness have correlation with porosity: the smaller the

porosity, the greater the hardness and the smaller the wear rate. Therefore, the reasonable selection of process parameters can

reduce porosity, thereby improving surface quality, reducing wear rate and increasing hardness.
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Tab.1 Chemical composition of 316L powder
wt%
C Si Mn S P Cr Ni Mo Fe
<0.03 <1.0 <2.0 <0.03 <0.035 16.0~18.0 10.0~14.0 2.0~3.0 Bal.
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Tab.2 SLM-316 process parameters

ID v/(mm-s™") h/mm E/(J-mm>)
Al 2500 0.04 50
A2 1250 0.08 50
A3 833 0.12 50
Bl 1786 0.04 70
B2 893 0.08 70
B3 595 0.12 70
Cl1 1389 0.04 90
C2 694 0.08 90
C3 463 0.12 90
D1 1136 0.04 110
D2 568 0.08 110
D3 379 0.12 110
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Fig.3 Checkerboard scanning strategy
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Fig.5 Relationship between surface roughness and energy density
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Tab.3 Results of SLM-316 porosity measurement

ID Al A2 A3 Bl B2 B3 Cl C2 C3 D1 D2 D3
E/(J-mm ) 50 50 50 70 70 70 90 90 90 110 110 110
h/mm 0.04 0.08 0.12 0.04 0.08 0.12 0.04 0.08 0.12 0.04 0.08 0.12
v/(mm-s™) 2500 1250 833 1786 893 595 1389 694 463 1136 568 379

Porosity/% 12.35 6.60 3.17 10.45 4.78

3.0 6.2 1.8 0.94 3.92 1.5 0.95

a B3 iRkt

b C3ikkE

Ko BAEALETR UM SEM K
Fig.6 SEM diagram of sample porosity observation: a) B3; b) C3
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Fig.8 Sample wear track
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Tab.4 Hardness comparison

Hardness(HB)
h/mm 3 3 3 3
50 J/mm 70 J/mm 90 J/mm 110 J/mm

0.04 80.02 142.13 190.55 207.40
0.08 178.9 221.38 233.65 237.98
0.12 199.8 235.76 239.81 238.74
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Fig.12 Relationship between hardness and energy density
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