5% 33 MBUERE AR VR T A
EQ7-2

Lattice Boltzmann Method # B\ = R TcE&BREBEF O AR R E 2T

Numerical Simulation for Powder-Bed-Fusion Process using Thermal Free-Surface
Lattice Boltzmann Method

O  FhE A8, RS THI, T 235-8501 ffizs) 1 RA T 1 X AT 1 &M, E-mail : saito8171Qihi-g.com
B M, EMKRT, T 380-8553 REEER A H 4-17-1, E-mail : kosuzuki@shinshu-u.ac.jp
s EA, BRI, T 380-8553 REFIREE i B 4-17-1, E-mail : masato@shinshu-u.ac.jp
Hiroki SAITO, THI Corporation, 1, Shin-nakahara-cho, Isogo-ku, Yokohama 235-8501, Japan
Kosuke SUZUKI, Shinshu University, 4-17-1 Wakasato, Nagano 380-8553, Japan
Masato YOSHINO, Shinshu University, 4-17-1 Wakasato, Nagano 380-8553, Japan

Thermal Free-Surface Lattice Boltzmann Method developed by Korner is implemented as a 2D-simulation tool
for the fusion process of metal powders irradiated by electron beam. Several physical phenomena involving
in melt and solidification such as melted metal flow, wetting, phase transition, energy absorption and powder
stacking are assembled, which enables us to investigate the relationship between product qualities and process
parameters. In this study, the numerical results are compared with analytical, experimental and other numerical
ones quantitatively in some validation scenarios. In addition, the simulations for the electron beam melting are
performed and the wall qualities show the good agreements with the experiments. Consequently its effectiveness

is demonstrated.
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Fig. 2: Cell type for Thermal FSLBM (the original image in
Markl(2)).
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Fig. 4: Example of simulation for Powder-Bed using Rain
model(left, I = 400 pum, ¢ = 0.55) and the adjusted con-
figuration by removing extra powders. The final volume
fraction is 0.55.
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Fig. 5: Energy absorption in depth direction. Aluminium, tita-
nium and copper powders are irradiated with 60 keV and
120 keV electrons. The absorption profiles for the angle
of incidence is 0°, 45° or 75° (solid lines) are compared
with Klassen’s results(®) (points).
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Fig. 7: Comparison of numerical and experimental solution of
the dam break problem.
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Fig. 8: Shapes of equilibrium droplet on flat plate.
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Fig. 9: Artificial gas-liquid interface for small contact angle. Ar-
tificial interface cells(liquid interface wirh cross mark)
are generated if the front edge of real interface doesn’t
touches on wall cells (the original image in Stefan(11)).

Tab. 1: Calculation properties for wetting problem

Property Unit | Water  Oil Mercury
Radius pam 120 240 12
Density kg/m? 1000 800 13600
Kinetic viscosity mm?/s 1.0 19.1 0.11
Surface tension ~ mN/m | 72.75 29.4 476.0
O pm 10 20 1
0y 1S 0.341 1.48 0.1

Tab. 2: Relative errors between numerical and analytical results
with different liquids for contact angles 30° < 6 < 150°.

Contact angle [°] Water Oil  Mercury
30 21.46 % 42.60 % 21.46%
40 23.06 % 3218 % 14.72%
50 1759 % 17.69 % 17.81%
60 7.03 % 1422 % 14.22%
70 510 % 11.87 % 5.10%
80 393% 391 % 3.91%
90 316 % 312 % 3.13%
100 283 % 268 % 2.82%
110 297% 295 % 2.97%
120 283 % 279 % 2.79%%
130 244 % 2.50 % 2.51%
140 6.19%  6.16 % 5.79%
150 518 %  9.06 % 5.02%
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Fig. 10: Sketch of validation scenario of energy equation.
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Fig. 11: Comparison of numerical and analytical solutions of
temperature distribution in non-stable heat conduction
problem at three different times.
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Fig. 12: Comparison of numerical and analytical solutions of the
Stefan problem for three different thermal diffusivities.
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Fig. 13: Calculation domain for single line melting.

Tab. 3: Material properties of Ti-6A1-4V for single line melting
simulation.

Property Unit Value
Atomic number - 21.5
Density kg/m3 4420
Kinetic viscosity mm? /s 1.13
Surface tension N/m 1.52
Wetting angle ° 60
Liquidus temperature K 1928
Solidus temperature K 1878
Specific heat capacity at Ty,  J/(kgK) 1126
Specific heat capacity at Ts  J/(kgK) 700
Latent heat J/kg 290000
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Fig. 14: Comparison of numerical and experimental melt pool size for different beam scan speed. Error bars indicate the standard

deviations of the experimental results.
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Fig. 15: Wall morphologies obtained by the experiment(!3) (left one) and numerical simulations (fours on right) for two different line

energies (a) Fr, = 1.0 J/mm and (b) Ef, = 2.0 J/mm.

Tab. 4: Material properties of Ti-6Al1-4V for EBM simulations.

Property Unit Value
Atomic number — 21.5
Density kg/m? 4000
Kinetic viscosity mm? /s 1.25
Surface tension N/m 1.65
Wetting angle © 60
Liquidus temperature K 1928
Solidus temperature K 1878
Specific heat capacity J/(kgK) 700
Thermal conductivity at Ty, W /(mK) 27.8
Thermal conductivity at Ts W /(mK) 21.9
Latent heat J/kg 370000
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