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Article history: In this study, the integration of hybrid laser-powder bed fusion (L-PBF)
Received 6 November 2023 technology in STS316L manufacturing, combining L-PBF and milling processes,
Revised — 15 November 2023 was investigated. A hybrid L-PBF system was developed to explore various
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process variables, such as laser output, scan speed, and hatching interval. It was
determined that energy density is crucial for realizing a specimen’s relative
density exceeding 99.5%. Milling experiments revealed insights from the L-PBF
process characterization, including the emergence of defects in radial cutting
depth and improved surface quality in axial cutting depth with increased depth.
This research has the potential to revolutionize component fabrication in
industries such as defense, medical care, mold making, and aerospace. The
integration of hybrid L-PBF and milling processes offers enhanced precision and
superior surface quality in STS316L stainless steel component production,
meeting diverse application demands.
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1. CNC Milling Machine 2. ATC 3. Powder Feeder
4. Build Plate 5. Fume Extractor 6. Recoater
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Schematic diagram of hybrid L-PBF process
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Table 1 Experimental design

Index Low Middle High

Laser power (W) 70 100 130
Hatching distance (um) 80 90 100
Scan speed (mm/sec) 800 1000 1200

Table 2 Experimental conditions
Material Stainless steel 316L

Layer thickness 30 pm
10 x 10 x 10 mm’
Stainless steel 316L

Ar gas, O, < 500 PPM

Printing cube size

Base plate

Inert gas condition

Dip: 19.41 pm
Dy 32.80 pm
Dgg : 46.72 pm

L

l'

,r{idﬂ | |

4 6 10 20 40 &0 1

Particle size (pm)
Fig. 2 Size distribution of STS 316L powder

Volume fraction (%)
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Table 3 Size distribution of STS 316L powder
Cr Ni Mn Si C
18~20  8~12 =2 =075 < 0.03

18.22 9.36 0.99 0.45 0.021

Fe
Bal.
Bal.

P
=< 0.045
0.025

R oA d=s
2712 Table 29+ ). A &
or27|HHA He ol&sto]
2HQIE A 316L Zo&

2 9 Table 33} 7t}

R

43

o

o] 19.4~67.7
2

st

S
J/mm’ ojtt. LA A
QA= AE9] g Holn
311:]—“2] Aldo] AFEE
U 3 24 Fur Fig

Il

[e]
Ald 2AL
L.
%74
H

[e]

>
©

3.2 L-PBF ®E X A
299 AR o
Z70IM 91.1~99.9% £
Ho| P> Fig. 49 7ol 2
B2 A7e EUSHA 2L L 4 amq.
U= iAo alolx1 Z£¥o]| oJsto] 71
RITE 4= U}, &=3F 34 ofufA] WE(E,, volumetric energy
density)9] 7fg9 =& S84 7 Mgt 2 o},

J9o

ZASEA
ooe

)

311

100
99

2 g8
2
% 96
3 9%
:
5 93
o 92
Y
90
(a) 80 ym 90 ym 100 um
Hatching spacing

100
99

fa T
ol I
: - S
g o
g o &
s 9 =~ Y
5 ——70W | S~ T
g . werees 100 W S~e--"
—=—130 W
%0
(b) 80 ym 90 um 100 pm
Hatchlng spacing
100
-]
S
S 98 /E\E
z o o
g e
g » .'"""..‘e.-.
e 0 Tmee
g -——
£ @ —omT0W T s -
T 92 <esze- 100 W
& g
—=—130 W
%0
80 um 90 um 100 ym

(c)

Fig. 3 Relative density of L-PBF specimens with varying scan
speed (a) 800 mm/sec (b) 1000 mm/sec (c) 1200 mm/sec
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Fig. 4 Shape of L-PBF specimens
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Table 4 Experimental design
Run Radial depth of cut (um)  Axial depth of cut (um)

(a) (b)

1 0 400

2 100 400

100k 3 200 400

4 300 400

5 0 700

AD: A Dorth of ot < Wl Layer Wen Overta 6 100 700

Fig. 5 Schematics of side milling process (a) Depth of cut (b) ! 200 700
Overlap 8 300 700

9 0 1000

XAt 10 100 1000
11 200 1000

12 300 1000

4. slo[EE|E |-PBF &F M= ZAEN

o) BAEE Fig 63 2Tk & A¥e Fig S@sh 2ol WA
3l

AlE - .

41 A8 =1 2 MA 2} 71o|(radial depth of cut) & 2% A4+ Zlo|(axial depth
7IA7VE 37 270 TE 7t FHEAE Hlasty] ffsto of cut) of W2 Ha EAS EMsiglon AQMA 9 2712
= AF Zolo] B¢ 34 =9

3fo]Hl= L-PBF A3 Al Afs sstoirt. ¢4 oF BollA Table 4 4 Table 59 2t wbgHer 4
= A4 2UY 34 200 oA E¥ 130W, AEE 340]) Thgk Hat 7ol ojuidit). A& AlEL §-§E(melt pool)
1000 mny/s @ 14704 90 um FAZRANA 3x15x6 mm® =7 o] A7 9 storjH|w o] Hato] A7
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B e ]

Fig. 6 SEM images of L-hybrid PBF specimens (a) L-PBF surface without milling (b) Axial depth of cut 400 um (c) Axial depth
of cut 700 pm (d) Axial depth of cut 1000 um
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