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Process Optimization for 316 Stainless Steel by Fiber
Laser Selective Melting

Wang Di  Yang Yonggiang Wu Weihui
(College of Mechanical and Automobile Engineering . South China University of Technology, Guangzhou ,

Guangdong 510640, China)

Abstract Study on the technology of selective laser melting (SLM) is carried out on Dimetal-280 system with
200 W fiber laser. Orthogonal experiment of six factors and five levels is designed to optimize parameters for 316L
stainless steel powder. Six typical surface profiles are summarized, and the relative density and dimensional accuracy
along z-direction are measured correspondingly. Results show that the density of samples is high when powders are
fully melted and low when partially melted. Practical manufacturing layer trends thicker, which affects the
dimensional accuracy. Considering the comprehensive effects of surface profile, relative density and dimensional
accuracy, optimal parameters are obtained. Special specimen with sharp-angled and overhang features for geometrical
performance test is manufactured. The relative density, dimensional accuracy and surface roughness R. are 89% ,
96.8% and 25 pm respectively, which show a good result.
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Table 1 Chemical composition and property of 316L stainless steel powder

Element C Cr Ni Si Fe Mn P S O
Chemical composition
0.03 17.53 12.06 .16 0. 86 bal 0. 38 0.02 0.01 0.13
(mass fraction)/ %
Size /pm 0~10. 48 10.48~27.63 27.63~49.43 =50
Grain size distribution
11.01 50. 55 30. 37 8.07
(mass fraction)/ %
Apparent density /(g /cm?) 4. 04
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Table 2 Features description and fabrication purpose of the specimen

Number Geometrical unit Geometrical character Test purpose
1 thin wall thickness:0. 15~0. 5 mm,space:0. 05 mm precision and resolution
2 sloping plan sloping angle: 25° stair effact
3 sharp corners 10°,20°,40° influence of heat accumulation
4 tetrahedron positive angle:65°, negative angle:15° stair effact
diameter:5 mm,3. 5 mm,2 mm,1 mm, . .
5 columns precision and resolution
0.5 mm,0. 3 mm,0. 15 mm
) diameter: 4 mm,3 mm,2 mm, )
6 holes parallel to = axis heat influence
1 mm,0.5 mm,0. 2 mm
7 holes vertical to = axis  diameter:0. 15~0. 5 mm,space:0. 05 mm z-compensation
square:2 mm X2 mm,]l mm>X1 mm, .
8 overhangs overhangs without support
0.5 mmXO0.5 mm
South China University of )
9 complex character L scanning errors
Technology*“riton” Chollow)
10 whole sample 60 mm X 60 mm>X 10 mm process accuracy in x/y/z direction
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Table 3 Design of orthogonal experiment table
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Scan speed Scan space

Laser power /W

Defocus amout Layer thickness

Scan strategy

(mm /s) /mm /mm /mm
level 1 80 0. 04 80 0 0.03 x-direction
level 2 160 0.06 110 1 0. 04 x/y orthogonal
x-direction
level 3 320 0.08 140 —1 0. 05
with frame
level 4 480 0.10 170 2 0.06 sectional scan
scan quickly first,
level 5 640 0.12 200 —2 0.07
then slowly
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Table 4 Process parameters corresponded to six typical surface profiles

Scan space  Scan speed

Laser power Defocus amout Layer thickness

Relative density

Fig. 5 Scan strategy
/mm (mm /s) /W /mm /mm /%
(a) 80 0. 04 80 0 0.03 x-direction 88.2
(b) 80 0.08 140 —1 0. 05 x-direction with frame 80. 8
(o) 160 0.08 170 —2 0.03 x/y orthogonal 85.3
scan quickly first,
(d 480 0.08 80 2 0. 04 65.5
then slowly
(e) 320 0.04 170 0 0. 05 x/y orthogonal 80. 2
D 640 0.12 170 —1 0. 04 a-direction 70. 2
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Fig. 5 Six typical surface profiles in orthogonal

experiment
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Fig. 7 Theoretical and practical dimensional accuracy

corresponding to the six typical surface profiles( %)
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laser melting
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Table 5 Fabrication result of the specimen

Number  Geometrical unit Fabrication result

1 thin wall fine

) can not distinguish
2 sloping plan )
stair effect
3 sharp corners fine
4 tetrahedron fine
even the smallest column
5 columns

can be made
when diameters as large

holes parallel to as 0.5 mm and 0. 2 mm,

6 2 axis the holes can not be
distinguished clearly
holes vertical to the top has bad
! 2 axis bottom surface
8 overhangs the same as 7"
9 complex character fine
whole sample
10 57.52X58.0X9. 68

size /mm®
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