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Abstract Metal three-dimensional (3D) printing technologies are mainly classified as powder bed fusion (PBF) and
direct energy deposition (DED) methods according to the method of application of a laser beam to metallic powder.
The DED method can be used to fabricate fine and hard 3D metallic structures by applying a strong laser beam to
a thin layer of metallic powder. The PBF method involves slicing 3D graphics to be a certain height, laminating metal
powders, and making a 3D structure using a laser. While the DED method has advantages such as laser cladding
and metallic welding, it causes problems with low density when 3D shapes are created. The PBF method was
introduced to address the structural density issues in the DED method and makes it easier to produce relatively dense
3D structures. In this paper, thin lines were produced by using PBF 3D printers with stainless-steel powder of roughly
30 ym in diameter with a galvano scanner and fiber-transferred Nd:YAG laser beam. Experiments were carried out
to find the optimal conditions for the width of a line depending on the processing times, laser power, spot size, and
scan speed. The optimal conditions were two scanning processes in one line structure with a laser power of 30 W,
spot size of 28.7 ym and scan speed of 200 mm/s. With these conditions, a minimum width of about 85.3 ym was
obtained.

Keywords : Additive manufacturing, Galvano scanner, Line width, wall thickness, Metal 3D printing, Powder bed fusion

"Corresponding Author : Jae Heung Jo(Hannam Univ.)

Tel: +82-10-4460-2111 email: jhjo@hnu.kr

Received July 24, 2018 Revised August 28, 2018
Accepted October 5, 2018 Published October 31, 2018

346



(directenergy deposition), PB
2jo] 7pkE] o] gltH2-8]. DE
5 EY 2 B S
E=x o} FAlel #lo]#
w2 2AgEhEA g4
2] H3,8]. ©]

W} vhop]

OFUE/

N

-

kil

oF

AlzFat7]ell g0

s}
o ™
T

o
41 oz

N

oL Oof -

o
i R

=
tl
|

O

o
o <2
g

3

%0,
Lo,
Al
L Hr
o

-

olrt
rir

K

to nSt ng

it
il
e
ko
il

>~
-
Ay
—
—
\O
—
(=]

f
32

e
L

=4
ol {
rot
o

&
=
9
24

be 27 U2 2219 FAHS
Z37F= PBF W2

ofo
oo
[ H rﬁ
oMo

o d
I
w
vi)

TS

~
<
£l

N
-

BNy
ﬂ?{i oL
\ ofr
Mg

ol A A&t A|ZE PBF Al
oA ®BZo] PBF 4]
| 2A 38R = 74

b o

T

olr
po

=——> Outletgas

o
Cpoc
Wiper
blade
Metal
overflow
dumping
‘Chamber|

Base plate

Fig. 1. Schematic diagram of metal 3D printer with
powder bed fusion system
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Fig. 2. Photo of the metal 3D printer with powder
bed fusion system
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Fig. 3. Microscopic photo of stainless steel powder
(AM 316L cl E) with the diameter size of
more than 32/m
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Fig. 4. 3D structure model designed by using Solid
Works
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Fig. 5. Photos of the meral cross lines accoding to
the number of processing of 3D printer : (a)
1 time (b) 2 times (c) 3 times
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Fig. 6. A Photo of metal cross line at the instant of
separation of lines with laser power of 19.7W
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Fig. 7. Photos of metalic cross lines as a funtion of

various laser powers : (a) 30 W (b) 48.7 W

(©) 70 W
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Table 1. Laser sopt sizes according to the variation
(focus) of focal length of the focusing lens
and its degree of defocus

Focus (mm) Spot size (ym) defocus (mm)
163 28.7 0
163.3 352 0.3
164.3 92.6 13
165 138.5 2.0
165.9 198.6 2.9
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