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Investigation of Influence of Laser Parameters and Powder Porosity on
Thermal Characteristics in the Powder Bed of a SLM Process

1 ol X2 ZIS|Al 1 A 23
olgw, o|sZI°, a4, ets™, & &

Kwang-Kyu Lee', Ho-Jin Lee?, Hyun-Sik Kim', Dong-Gyu Ahn'# and Yong Son®

1 ZZMCHShn sk 7|7{& Sk} (Department of Mechanical Engineering, Graduate School, Chosun University)

ol rol

2
3

KEYWORDS: Selective laser melting process (

LT IEATE T

2|0|X & =), Thermal characteristics (&
(B4 STEt5HAY), Parameters of laser (2{|0|X] E44), Porosity of powders (22 7

FEMAY |SHT3 IS HE7 & 2E (Extreme Fabrication Technology Group, Korean Institute of Industrial Technology)
22578 E (Digital Manufacturing Process Group, Korean Institute of Industrial Technology)

# Corresponding Author / E-mail: smart@chosun.or.kr, TEL: +82-62-230-7043
ORCID: 0000-0002-2111-300X

EM), Transient heat transfer analysis
SE)

Heat transfer characteristics in the vicinity of irradiated region of the beam of a selective laser melting (SLM) process affect
the creation of the melted region during the deposition. The creation of the molten pool is greatly influenced by laser
parameters and powder characteristics. The goal of the paper is to investigate the influence of laser parameters and
powder porosity on thermal characteristics in the vicinity of the molten pool of the SLM process through repeated finite
element analyses (FEAs). The power and the scan speed are chosen as the laser parameters. The laser is assumed to be
a volumetric Gaussian heat flux model. Materials of the powder and the substrate are chosen as SUS17-4PH and S45C,
respectively. Temperature dependent thermal properties for those material are used to perform the FEA. An appropriate
efficiency of the heat flux is predicted by comparing the results of FEAs and those of experiments. The influence of laser
parameters on temperature distributions in the vicinity of the melted region and the formation of the molten pool is
examined. In addition, the effects of porosity of powders on heat transfer characteristics in the vicinity of the melted region
are discussed.
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NOMENCLATURE I(x, y, z) = Intensity distribution of heat flux
n = Efficiency of heat flux

A = Wave length of laser

Jd = Penetration depth

r, = Effective radius of laser

v = Thickness of deposited powders on the substrate
T; = Initial temperature

h = Convection coefficient

G = Interfacial thermal conductance

& = Emissivity

P = Power of laser

x, ¥, z = Global coordinates

Xm> Vm» Zm = Moving coordinates

v = Scan speed of laser

¢t = Scan time of laser

t, = Scan time in moving coordinates
6,,, = Gradient for moving coordinates

T = Temperature
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k = Thermal conductivity

Q = Heat input per time

p = Density

C, = Specific heat

¢ = Porosity of powder

k, = Effective thermal conductivity of powder considering
porosity

k; = Thermal conductivity of powder at the solid state
(- = Thermal conductivity of nitrogen gas

B = Constant of Zehner-Schlunder model

k, = Effective thermal conductivity considering mixing ratio
f = Mixing ratio

), = Effective thermal property considering porosity
€2, = Thermal property of powder

£2, = Thermal property of nitrogen gas

Tmax = Maximum temperature

® = Width of the molten pool

A = Length of the molten pool

Q. = Effective heat input

Thmaxs = Maximum temperature in the state-state

R* = Coefficient of determination

6 = Slope in the thickness direction

IT = In-plane aspect ratio of the molten pool
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Fig. 1 Inside of PROX DMP300 apparatus

Table 1 Specification of experimental system
Laser A(mm) 7 (um) w(um) O(nm) Gas
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Fig. 2 Simulation model and meshes for a FEA

Table 2 Initial temperature, convection coefficient, interfacial thermal
conductance, and emissivity
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T,(°C)  h(W/mm?°C) G (W/mm?>°C
€ ( ) ( ) 90°C 316°C

25 10 0.01 0.44 0.51
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Table 3 Conditions of FEAs

P (W) v (m/s) h D (%)

172-324 1.2-2.0 0.15-0.25
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Fig. 5 Maximum temperatures for different moving distances and
efficiencies of heat flux (P =172 W and v= 1.6 m/s)
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Fig. 6 Temperature distributions for different efficiencies of heat
flux (P =172 W and v= 1.6 m/s)
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Fig. 7 Effects of the efficiency on the width (w) and the length (D)
of the molten pool (P =172 W and v= 1.6 m/s)
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Fig. 8 Effects of the power and the scan speed of the laser on the
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Fig. 9 Influence of the effective heat input on the maximum

temperature in steady-state

Table 4 Relationship between effective heat input and maximum
temperature in steady-state
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Fig. 10 Influence of the scan speed of the laser on the temperature
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Fig. 11 Effects of the power of the laser on the temperature
distribution in the vicinity of the irradiated region (v =
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Fig. 12 Influence of the effective heat input on the length, the width
and the aspect ratio of the molten pool

Table 5 Relationship between effective heat input and measures of
the formation of the molten pool in steady-state

Measures Regression equations R?
A(um) 0.0528 Qgir' 8% 0.99
o (um) 16.785 Qe 0.91

IT 0.0031 Qgy' 38 0.97

shjo] S Aol Feat 2
A7t A 25914 Ao 6 777+x1 e ER

r::.
1B
19
o)
&
=2
o
5
o
z
30 ot

3.3 22 7|50 WE MY 5y He

AZ FA 249 FolA &8 172 Wl &
oA o 7]F-&ol W o)A AR 919 IA
312 Figs. 10(b) & 1337} Zro] B4/ 3k3ict. 1
713-g0] wE 7ot nEA ¢ A A 9
Affected Reglon) 9] Z7|7} AA3] dElR|= AL o

=4 71588 ejgh 3 Fig 133} o] 2
e e

]

(o)}
g8
~
©

{m oy

e

1 B —
T o oF
e

2o
2
=8

ofd

(2

el
r
i

(<0
o)

N

o
N
o X
o
P oo

X
1o X
e
ox
O 9 o
e
flo 32 olN

R

W o
)
N
&1.‘_.

HEE Fig 149} 2o
ko AMETO 10%

4 2% ool o Higol #4091 2

Bom Ah—:mu}

Figs 1009, 134 1509} 291 £ 713801 S/193

Qo] 55 F, ol A Zol7t F7IE g 1

QAgiet. B 71 5-80] 0%IA 30%E F71e A S, 8%

B
o
N

o°1'
|

LA AT 14

m&" o2

Temperature (°C)

Top Plane
Heat affected region

Symmetric Plane

(@ ¢ =10%

Temperature (°C)

6,670 i
1425 Heat affected region
1,325

1,225

1,125

1,025

925

825

125

625

525

425

325

ﬁg Symmetric Plane

(b) @ =20%

Temperature (°C)

Heat affected region TopPlane

t

1225 e 305 UM E
1,125 =

1,025 ‘l"" Ilt 3
925

825

125

625

Symmetric Plane

() @ =30%

Fig. 13 Effects of the porosity on the formation of the molten pool
(P=172 W and v= 1.6 m/s)
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Fig. 14 Temperature dependent thermal conductivity of SUS17-4PH
considering porosity and contact status of powders
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Fig. 15 Influence of the porosity on the length, the width and the
aspect ratio of the molten pool
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