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Abstract
Direct laser melting(DLM) is promising as a joining method for producing parts for automobiles, aerospace, marine

and medical applications. An advantageous characteristic of DLM is that it affects the parent metal very little. The

mechanical properties of parts made by DLM are strongly affected by the porosity and surface roughness of the laser

melted beads. This is a systematic study of the effects of the porosity and surface roughness of laser melted beads

using various processing parameters, such as laser power, scan rate and overlapping ratio of the fill spacing. The

specimens were fabricated with 316L and 304L austenitic stainless steel powder. Dense parts with low porosity were

obtained at low laser scan speed, as it increased the aspect ratio of the parental material and the depth of penetration.

The variations of surface roughness were examined at various processing parameters such as overlapping ratio and

laser power.
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Fig. 1 Schematic of direct laser melting system

Table 1 Chemical composition of stainless steel
powders(wt.%)

Fe| C | Si [Mn| P S | Ni Cr | Mo
SUS

Bal.|0.03] 1.0 | 2.0 [ 0.045]|0.03|10~14| 16~18 | 2~3
316L
SuUS

Bal.|0.03] 1.0 | 2.0 | 0.045[0.03| 8~12 | 18~20| -
304L

Table 2 Experimental conditions for fill spacing
(overlapping ratio = 1)

Laser power Fill spacing (mm)
Scan rate (mm/s)
(W) SUS304L | SUS316L
100 0.12 0.10
146.4 150 0.14 0.14
200 0.16 0.17
Laser beam

(@)
Fig. 2 Schematic of powder melting on the laser fill

(b)

(b)

spacing; (a) overlapping ratio = 1,

overlapping ratio > 1
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Fig. 3 Definition of aspect ratio

Aspect ratio
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Fig. 4 Influence of scan rate on the melting width and
depth; (a) 304L stainless steel powder, (b) 316L
stainless steel powder
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Table 3 Experimental conditions for fabrication of
rectangular shape

Laser power (W) 100, 150, 200

Scan rate (mm/s) 36.6, 146.4,256.2

Fill spacing (mm) 0.09
Overlapping ratio {0
3r —#— 100W e 150W -—a— 200W
Porosity |
—o— 100W —o— 150W —=— 200W
430
2L
{20
1F
-10
0 . 1 . 1 . 1 . 1 . 1
0 50 100 150 200 250
Scan rate (mm/s)
(a)
40
Overlapping ratio
3+ = 100W e 150W -4 200W 1
Porosity
—o—100W o 150W —— 200W 130
[ ]
2L
420
1L
410
0 ' 1 ' 1 ' 1 ' 1 ' 1
0 50 100 150 200 250
Scan rate (mm/s)
(b)

Fig. 6 Variations of porosity and overlapping ratio
with scan rate; (a) 304L stainless steel powder,
(b) 316L stainless steel powder
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Fig. 7 Schematic of the formation of the laser melted
beads
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Fig. 8 Variation of the average surface roughness with
laser power; (a) overlapping ratio = 1, (b)
overlapping ratio > 1
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