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Modified Cellular Automaton Simulation of Metal Additive Manufacturing
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Metal additive manufacturing (AM) technologies are attracting attentions not only as a forming process but also as microstructure
controlling processes. In powder bed fusion (PBF) AM, crystal orientations can be controlled by scanning strategies of energy beam. To
optimize microstructures, computer simulations for predicting microstructures play very important roles. In this work, we have developed
simulation programs to explain the mechanism of the crystal orientation control. First, we simulated the shape of melt pool by analyzing the heat
transfer using apparent heat conductivity when the penetration of laser beam through keyholes was taken into consideration because of the
evaporation and accompanying convections. It was assumed that the primary crystal growth direction can be determined by the temperature
gradient, and the crystals grow keeping the growth direction as generally recognized. The shapes of simulated melt pools agree well with
experimental observations. The modified cellular automaton simulations successfully reproduced two typical textures with different preferential
orientations along the building directions of (001) and (011) when the bidirectional scanning with and without a rotation of 90° was

accomplished between the layers. [doi:10.2320/jinstmet.J2020028]
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Fig. 1 Experimental inverse pole figure (IPF) mapsl) on the vertical cross sections (y-z plane) of beta-type Ti-15Mo-5Zr-3Al alloy fabricated
by SLM with Scan strategy X (without rotation) and Scan strategy XY (with 90° rotation) [after T. Ishimoto et alV 7.
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Fig. 2 FEM model for analysis.
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Table 1 Parameters used for simulation.

Density 5010.0 [kg/m?]
Specific heat 540.1 [J/kg K]
Conductivity 7.496 [W/m K]
Latent heat 389.4 [kJ/kg]

Liquidus temperature 1933.0 [K]
Solidus temperature 1843.0 [K]
Modification factor (1) 1.0
Modification factor (m) 1.0
Modification factor (n) 200.0

Input energy 360.0 [W]
Scanning speed 1200.0 [mm/s]
Scan pitch 0.1 [mm]
Thickness 0.06 [mm]
Time for supplying powder layer 1.0 [s]
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Fig. 4 Schematic illustrations of Nth layer melt pool.
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Fig. 5 Schematic illustrations of (N+1)th layer melt pool. (a) scan strategy X, (b) scan strategy XY.

D, XTI <100>, Y #7710 & Z #7111 <110> AYAC
MLTW5. C& CHRETH L LBAERLRTIUE, Ak
DY I CHEBTIRES S CHIROBIRRE %] & Hk
WTHIRE AR E ST 2 7290, C & RS X 85
<100>, Y #h i1 E Z fi 7 1nic <110> 2SR 3 % (Fig. 5(a)
T)., COLIITHBENTVWL D AFY VAT TFV—
X TREDHTDH X WMHFMIC <100>, Y i m & z iy
12 <110> S EICHMT 52 & &R 5.

—), AFx Y AMTFTF V= XY DN+ BHOBNAK%E
Fig. 5(0) IZ/RT. AF X VA FF V= X OALFEERC
Fig. 5(b) @ C’ #H T Fig. 4 12 BT 5 C FH (X #l J7 1012
<100>, Y ®hFIME Z ®hIIC <110> 2 EM) # K3, F
7o, CHIEE CHBORM A AT S L Fig. 5(b) FTOLH
WKhbeEZBNL. 20L& Fig. 5(b) 3 Fig. 5(a) & g
LCZihZzd.0E LT MRS EbDTH L7720, il
&3 2% CHIRO MWL Fig. 5(a) L1382 > Tw5.
iR DM Y, C #IgE C BB O YR B TR DA K
Lz id, BEA D RERET (C88) BB E M EZ5] &
MO THAREE AR ET 2. 20 & SEHEETIN <100> 1F
Fig. 5(b) D& 1IE X 51 &8 F 225, <100> HIAIEIE
# &% Z Riul1oo], [o10], [001]o 3 HasfFEL,
DILNLOVEFES72OATH VR D2 FIIZEE > T
v, RS O RE SOKE 1 B T REAE OB R R T IR AR
HEFME ) SR TH S 2 & idaiak Lzl 7228, Bk
BEF M TIEZEWIED 2 20 <100> 77 )i i 4 B 75 1 o
WEEZILERELTCUTOLIICER. AF X VA b
FTTIV—=XODLD BIREAR ST & BREE N AITIE—5
LTWwa &9 8613, REARTINOREIEZT $ICEL
R ZEE L zRRIEEI S RwnweE Lz, 2RISR L

T, MEARWEBEEEFMDPRERLLEAF Y VA
b7 TV XY OBAFEEKER MR E L2 Min)sE 2
5 & L7z, BARMICIEELRRE N2 bV & A E T R
N7 M VEELFEERD, FOFmENTELEET N E R
ERKH%E22OHD <100> FH & L7z, 220 <100> Hi
P FIUEFR D D <100> HINIOWTHRETE 5.
UED LX) REZHICHIEYI2L—Ya r2HEEL
7. Y 3alb—3a TR E PRI X ) SRHToOMR
JEx RO, ZNENOUERDEAMIELSE % T [\ o 72 K
T, ZORPAICEMABREE LT OEZE? 2 EE 2R
Mot L, ToREFMZEOREAERGIME Lz, #ic
FAHMRIRIEE 2 T o 72 & &, PSR E LT OEE
e, ZOREHFIMEFIEHK L L2, o X ) I
DEHZDIRIEN L ZOEFZORBENZBRIET S L Vo
72, VT —F— b= b Y (CA) B RE 2T Fo TR
SR A BRI TSR K872, Z ORI EIR O BB 5 12 T 2
SN B U 2 A BT A S R R T 2 3o <100>
HINZOWT B Rd 7=,

4. B M B R
4.1 [RERAEAT

Fig. 6 1Y I 2L — ¥ 3 ¥ THELBERM O IR FEE 05
AR TBIS S NEER L KL TORY. BB X ZOER
WEREIAFY VAN ITFIV—XEAFXY VAT TV
XY L TENENEBARICB OV THE SN BRI &
—HLTWwA. YIal—YariZBwnT, BFEOBEIN
IR 22 W TR U FROBREERAZ O 5N b. Thid
AF X YANTT V= X OFEBRICBWTEHIZH S 15 8K



Simulation

(n+2)th Jayer

=
=

{ }E X

a)m ih
& nihjayer {n+glayer v
c .
o X-scan
=]
et X acan X-scan

L — YRR B % #l R AR BRI O 720 OWR CAEIC L2 I 2b—Ya v 107

SEM image

(n+3)th layer

X-5can

; Simulation SEM image
o
‘ X th
(b) g aythy (n+2)th layer (n+3)"layer
& nihlayer (1) Jayer | L J
& v — X-scan
& | Y-scan sl 100um

Fig. 6 Comparison between the geometries of simulated melt pools and fusion lines experimentally observed by SEM (after Ishimoto et alV).
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Fig. 7 Early stage analysis results of scan strategy X at (a) 2.1005s,
(b) 3.1005ss, (c) 3.1307s, (d) 3.1407s.
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