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Fig. 1 Sketches of different heat source models.

(a) Energy distribution of Gaussian surface heat

source; (b) double ellipsoid heat source model™
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Table 1 Thermal conductivity and specific heat capacity of
18Ni300 metal powder

Thermal Specific heat

conductivity / capacity /

(Wem '+K"' (Jekg'+KDH

Temperature /K

21 14.3 474.6
537 14.3 474. 8
815 20.1 575.3
982 25.1 629. 4
1093 26.4 661.9
1300 28.6 720.0
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Table 2 Thermophysical parameters of structural steel

Thermal Specific heat
Density /
conductivity / capacity /
(kg *m ) —1 —1 —1 —1
(Wem ' «K) (Jekg K D)
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e T RS 2k A A 8 R, TR (72 1 X AH 22

ok AR v R ATl T A AR R AT A AR L B E
B R L AR Y 3R BN LB HE AT R 43 ok B e
H:JpC(T)dTo (8)

2.4 REHR

FERAERI R SFF 20 mm X 30 mm X 2 mm,
KA SE S 5 2 mm A1 10 mm, 8 8 E N
40 pm, A ANSYS A 4 B9 4 D) B i ar B0
e SOLID 70 =4ESeR M B o0 . i J2= 8 0

RSE R 40 pem 1R 7S T4 D99 A o 6 A5 3k 38 DX 3 /N
i 55 T B 2 i 1) 1 DU T A A L G A S 43 il
400 pm A7 TH A R AT R0 43, W E 2 Ca) TR
T AR RH 5 9 ks R 28 Sk B g T A fR
TCJR R an il 2(b) FFR .

e

2

1
|

N Y I |
i 1
1 1

T
i

T
| .

| =3 = S
| 5 1 e i )

2 ABRICHE, () FERE5HIZMA R ;
(b) J&y &K
Fig. 2 Finite element model. (a) Finite element mesh

for substrate and powder; (b) local enlargement
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Fig. 3 Calculated temperature fields by different heat source models. (a) Double ellipsoid heat source; (b) Gaussian

surface heat source
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Fig. 4 Calculated temperature of different nodes by different heat source models. (a) Location of nodes; (b) calculated

temperature cycle curves of different nodes; (c¢) calculated maximum temperature of nodes in scanning line
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Fig. 5 Calculated molten pool sizes by different heat source models. (a) Calculated molten pool width by double ellipsoid

heat source model; (b) calculated molten pool width by Gaussian surface heat source model; (c) calculated molten

pool depth by double ellipsoid heat source model; (d) calculated molten pool depth by Gaussian surface heat source model
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Table 3 Effect of laser power and scanning speed on calculated molten pool width and depth under the same line energy density
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) by double by double by Gaussian
energy density)/ (laser power)/ speed) / o o by Gaussian
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0.3 180 600 145.0 90. 6 150. 4 39.4
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RN SiiE R

1402005-7



F48F F 13 8/2021 F£7 A/%EH

200 [Lm ex7= 16004y Mag= 50X WD=105mm  Date 10 May 2019
—_— Signal A = SE1 Photo Ne. = 36566

B 7k O AL BE W R () IS5 (b) A [A) 41 il 2 T B0 18 9 7 /9 SEML B AL GROB DI R 210 W)

Fig. 7 Slices of single-pass selective laser melting. (a) Macro morphology; (b) SEM image of the slices formed at
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Abstract

Objective Heat-source models play a key role in the numerical simulation of the selective laser melting process. To
examine the applicability of the double ellipsoid and Gaussian surface heat-source models on simulation, the
temperature field of a single-pass selective laser melted 18Ni300 metal powder was calculated using the two heat-
source models and compared with experimental data.

Methods The ANSYS APDL commercial software was used to establish a three-dimensional finite element model
and to simulate the temperature field of the selective laser melting process. The double ellipsoid and Gaussian surface
heat-source models were defined and applied to an 18Ni300 metal powder. Single-pass selective laser melted 18Ni300
samples were fabricated using EOS M290 by applying different laser power levels and scanning speeds. The sample
widths were measured using scanning electron microscopy to determine the width of molten pools. In the calculated
temperature fields, the sizes of molten pools of the single-pass selective laser melted 18Ni300 were analyzed and
compared with experimental results.

Results and Discussions The shapes of the temperature field distribution calculated using the double ellipsoid and
the Gaussian surface heat-source models are all ellipsoidal after applying a 210 W laser power and a 1000 mm/s
scanning speed. However, their width, length, and trail calculated using the double ellipsoid heat-source model are
larger than those calculated using the Gaussian surface heat-source model (Fig.3). This is due to the difference in
the energy distribution of the two heat-source models. In the Gaussian surface heat-source model, the energy is
distributed on the surface of the powder layer, whereas in the double ellipsoid heat-source model, the energy is
distributed deep into the powder layer. Moreover, the maximum temperature calculated using the Gaussian surface
heat-source model is much higher than that calculated using the double ellipsoid heat-source model. This indicates
that the diffusion speed of heat through the powder layer is faster than that through the surrounding environment,
resulting in a lower maximum calculated temperature of the molten pool surface using the double ellipsoid heat-source
model.

Along with the laser scanning, the peak temperature calculated using the double ellipsoid heat-source model is
lower than that calculated using the Gaussian surface heat-source model and fluctuates significantly with a rising
trend. In contrast, the peak temperature calculated using the Gaussian surface heat-source model is higher and
fluctuates slightly with small variations (Fig.4).

The sizes of the molten pools calculated by applying a 210 W laser power and a 1000 mm/'s scanning speed using
the two heat-source models show that the width of the molten pool calculated using the Gaussian surface heat-source
model is larger than that calculated using the double ellipsoid heat-source model. In contrast, the length and depth of
the molten pool calculated using the double ellipsoid heat-source model are larger than those calculated using the

1402005-10



$£ 48 %5 £ 13 #H/2021 £ 7 B/ E#

Gaussian surface heat-source model (Fig.5).

However, under different processing parameters, the calculated sizes of the molten pools using the two models
exhibit different trends. Although the calculated width and depth of the molten pool using the two heat-source models
decrease as the scanning speed increases (for the same laser power), the decreasing trend of the results calculated
using the Gaussian surface heat-source model is slower than that calculated using the double ellipsoid heat-source
model(Fig. 6). It is confirmed that the depth of the molten pool calculated using the double ellipsoid heat-source
model is larger than that calculated using the Gaussian surface heat-source model. The width of the molten pool is not
only related to the laser power and scanning speed, but also to the diffusion of the laser energy in the powder. Since
the Gaussian surface heat-source model does not take into account the energy diffusion in the powder, the width of
the molten pool calculated using the Gaussian surface heat-source model is smaller than that calculated using the
double ellipsoid heat-source model when the scanning speed is low, but it is larger when the scanning speed is high.
The scanning speed has an exponential rather than linear effect on the width and depth of the molten pool. As a
result, the width and depth of the molten pools are not the same under the same laser energy density. The width and
depth of the molten pools obtained using high laser power and high scanning speed are larger than those obtained
using low laser power and low scanning speed, although the same laser energy density was used.

The experimental results confirm that the simulation results obtained using the double ellipsoid heat-source
model are more accurate and reliable than those obtained using the Gaussian surface heat-source model in the
simulation of the 18Ni300 selective laser melting process(Fig.8).

Conclusions The double ellipsoid heat-source model takes into account the laser energy diffusion in the powder,
and its calculated-results accuracy is better than that of the Gaussian surface heat-source model in the simulation of
the 18Ni300 selective laser melting process. Thus, the double ellipsoid heat-source can describe the temperature field
evolution and moten pool size during the selective laser melting process better than the Gaussian surface heat-source
model. The width of the molten pool is not only related to the laser power and scanning speed, but also to the laser
energy diffusion in the powder. The effect of the scanning speed on the width and depth of the molten pool is
nonlinear. Under the same laser energy density, the depth and width of the molten pool obtained using high laser
power and high scanning speed are larger. The width calculated using the double ellipsoid heat-source model is in
good agreement with the experimental data, thus providing a basis for the optimization of the selective laser melting
process.

Key words laser technique; temperature field; selective laser melting; double ellipsoid heat source; Gaussian
surface heat source; molten pool size
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