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Fig. 1 Temporal changes of material microstructures
during laser scanning with four-layer and four-track. [1]
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Fig. 2 Morphological change during epitaxial growth of a
grain in a simulation shown in Fig. 1.
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Fig. 3 Simulation results of melt pool flow and gas-liquid
interface migration caused by (a) Marangoni force, (b)
Marangoni force and recoil pressure, (c) Marangoni force,
recoil pressure, and evaporation.
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Fig. 4 Simulation result of material microstructure
evolution (left side) and temperature change (right side)
during laser scanning on a polycrystalline substrate.
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Fig. 5 Polycrystalline structures for (a) overall
domain and (b) computational domain around
melt pool.
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Fig. 6 Material microstructures on (a)(c) surface

and (b)(d) cross section 30 um below the surface
for (a)(b) x-x and (c)(d) x-y scanning strategy.

(a) Macro-scale thermal-fluid simulation of laser scanning

(c) Internal cell
structure

Fig. 7 (a) Temperature around melt pool in the
macroscale laser scanning simulation, and (b)
columnar cell growth in the large-scale PF
solidification simulation and (c) enlarged view of
obtained internal cell structure.

5.2 R LBBnI vy (RE B)
AETIE, BYERERICE A~ 7 nifoE,
TRENEATRE B2 S 7 850> PF ¥EIT X 2% #A%
FTHIZHNE T v 7 Ialb—v3
VIERBFR LT-. < 7 a0 BREN RS R



1%, > HAR—)VESL RO Yan Bh# o 71—
TNBREY T, TORESE AN LTH
R VHBRFEEO KRB I 2 b —a v
ZiTo7l-. 22T, PEEF L ELTUT A
& ORMEEEICKTT 2 EREET VA, G
BAmd{bd 5725 AMR 2% GPU 3
£ LU 7= paralle-GPU AMR % £ H L 7=.
Inconel718 &4 D L —H —¥RRkFs I OV%E[E ~°
D RAEMRLLTYIalb—v g U &1T
o TGS % Fig. 7 127, Fig. 7(a) DR L
\ZHFC PR BHRE ORISR A R L, Zhn
Fig. 7(b)0\Z5titsd™% . PF S OfEE Y X%
AMR D f5e/ M Axmin 125} LT 768 Axmin %
12288Axmin X 6144Axmin & & E L
TSUBAMES3.0 @ 256 GPU % JH\ > THJ 18 ft
TRHEZZET L. 28, RFHECEIHA7
7 AN A ZPERIZI: D70, HEKTH
DR A NMLEL (Python & HW =¥ —# 17—
B ~DZEH, —HEIK O T — Z fhH, Pvpython
\Z &% Al b7y &) 2 TSUBAME T3
Mo Licky, T—HUBIZB T —
TV~ ~D T — B AR B A KR L2 H
L7z. Fig.2(b)IZ PF 1R H o Bk S5 e ks
SOV E AR B 1 OV E R A AR, R
SHETTIE, R BIRE AR T AR -
THARBEADRET 2R TE . 2
DOFFE L0155 IRk Fig. 2(c)) D& L
fmaERETDHE, BLE022-028 um TH
ST, T, ROt 2 &8T5
FERAARE OBV FRE (027 um) & X< —FK L
THEY, AR TR L FENERBE
7 aflfE TR TIETHD L EEIEL T
5. BUE, WXEHETTHY, [EEFINHE
76 Additive Manufacturing ~&fg T E ThH 5.

5.2 BERB BB T ADER (FRREC)
AT, BJROERIT X DUEFEHAN O
FRVREN & KA OWRE), SR AEOIREY,
FOREEMMERAFRRFICHRT I 2
L—a UET VR LT

BRI AL RIR A - SEFDFTEILA 2023 FEEELRIFIIE Rofd s &

(a)
Laser moving direction Gas
—

N

, .}.
Nask "

A A A A A A AL

Temperature (K]
300 2400
[ - = ]

N ) S
lﬂ@ﬁdﬁ\

= _—— )
N " 0) Z
e S S S cs\;\ﬁﬂ/—u—u/“o/\

Fig. 8 Temporal changes of molten pool shape
(upper) and temperature (lower) in two-
dimensional laser scanning simulation at (a)
5x10%" step, (b) 3 x 10" step, and (c) 5x10°" step.

WEAEHE O Fig. 4 OFHRIZEB W THEAD AL
EALT D Z R L, Fig. 8 O XD K
B OSAEGR I B~ 2 ot L —H — v
Ralb—varzalgge L. ZORE, Fig
8 ITRT & 9 i@l A R I K D REBIZ R,
LRI D T 8 X X 2 v VR O BT
DLz, —J5C, Gt a X FAE W EREITIR
STEY, 2 WILHETHEWRL IOV
AIZEL D F—HR— L OBRITITE D 2 h
ST, FDD, RET NVEEH:3 Rkl
THatRa X bOmE CHET HEHEICIEE
SN2 A S Ll L=, 728, Fig. 8 OfE
RICEH L TIHERLEPET TH 5.

3 WL 2 KB FE T 2 7= 012, it
BRI IREL, Ry~
EEHWTHS FEICU V&2, 2L T,
BE GPU W81 = — K2R L, 3 IRoT KB



FHEERAT. T 2T, VRN O TS
FHREICENT, "R mEITEmEmE LCE
TR A 5%, B EIZ1E interpolated
bounce back scheme & VTV 72 L&A %
27z,

(a)

Temperature [K]
300 3200
[ = ]

Fig. 9 Molten pool shape and temperature
distribution at (a) 1 x 10*" step and (b) 3 x 10*h
step in a three-dimensional laser irradiation
simulation.
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Fig. 10 Temporal changes of molten pool shape
and temperature at (a) 1x10*" step and (b) 5 x
10*" step in three-dimensional laser scanning
simulation.
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