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Abstract: The microstructure and defects of parts produced by SLLM were closely related to the
quality of SLLM single/double-track forming. and experimental methods were difficult to explain com-
plex physical phenomena of track forming at mesoscale. AI-Mn-Sc-Zr alloy was used as forming mate-
rial to establish a mesoscale numerical model for SLM single/double-track. SILM single/double-track
forming experiments were conducted, and the accuracy of model was verified. Numerical model was
employed to reveal the basic laws of SLM molten pool evolution. The variation of molten pool charac-
teristics such as single-track morphology., molten pool temperature, and molten pool size was investi-
gated with laser power ranging in 200~400 W. The best quality of single-track is achieved at a laser
power of 360 W and a scanning speed of 1.0 m/s. The overlapping behavior and the evolution law of
double-track at scanning speed of 1.0 m/s, the laser power of 360 W and the scanning distance of 60
pm, 80 pm and 120 pm were investigated. Results show good molding quality and high molding effi-
ciency are reached with a scanning distance of 80 pm. Suitable VED is screened in combination with
multi-track SLM experiments, In the VED range of 107~139 J/mm?®, the multi-track is continuous
and smooth. With the help of the model, key processing parameters may be initially predicted, and re-
duce the cost of processing parameter optimization.

Key words: selective laser melting(SLM) ; Al-Mn-Sc-Zr alloy; volumetric energy density(VED) ;
molten pool
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Fig.1 Schematic diagram of SLM molding process
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Tab.1 Particle size distribution of Al-Mn-Sc-Zr

alloy powder particles

SBURLBE 43 A ROURL AL A% /
D10 21.18
D50 34.38
D90 54.34

2 SLM #RKRITHER
Fig.2 SLM powder bed computation model
1.3 #=H7FE
P 7 B CRI BT &t 3l AR A Oy RBOHT
mr.

Jo Sy fE O R
LG (o) = 4))
97t+ « (ov) =0

S E R

Jd

<(f:)+v e (o) =V« (V) — Vp+
log+fdﬂﬂ‘P+f5K+fM+frecoll (2)
i SFE

d
5, T+ Gph) = T+ RV T) A+ g+

q rad + q evp + q laser (3
o e 1R ST AR 1O 8 T L 3 0 B I R SR 5
+ 586 -

o BFIE] v T SR AR S s h G g Sy dm
B fawmy MR W 30 B 1500 AR T5/u A
Marangoni 38 3l 77 5 f vecor 0K FT 3G con AT IR 5 G raa
HPEEIT 1 q o HEERIG Qruer WITEIRIE

TEARME SR o, 215K 7 . Marangoni 3 b A1 28
KR R Sk sl i PR FE R R b 2
FUR G Sy, F 5K J1 I Marangoni 380 8 1k 4 7
FHAE I w22 T8 P SRR TR D) . 8 LAnF .

f« = okn (4)
do
fM—E[VT—n(VT-n)] (5)
LMT-—T,

S recol = 0.54P06XP(I<7b n (6)

TT,
Athio HRMKI REGe HREIME 0 = — T «n.n
o 1R TR 2 0 B o s do /TR X 4R 1 9K
(1 5 W T 5 2 AT 3 ) 2 I A R R K R s o KR
BEHE 15 L, A6 R WA MO R R Kl 3R 262 3
BGT R R IR T, AR

R Ry A Rl A i b A A Y BT D T AR
X AR A g e AR AR

Qeon = Neon (T — T ) (D)
Qrad — 70’>€(T4 - 3ef) (8)
L.M LM(T—T,)
Qep = —0.82 poexp( ) D)
V2ntMRT RTT,

KA qeon AT sh o HXTTRAZMREEG T o AR
JE 5 g ARG ST 30 W00 2E B R 28 W B W R G
Biqe, WEEPGR B SIKFEHGT R iE £ m
IR,
1.4 BARIFEEE

WOCABREEDS 1 o A JLT- 306 = 0 56 R L 4K
2 LRI N

29P exp(—2 (x

2
r r

—xo—u)+ (y—y,)°

2

Qlaser = )

(10>
ey AHOEHIR A ROR W P O r i
FEICBRENAR 520 w0 WO I IR 5578 7K S T A9 A b AR 5
v RIEOEHY X Jr MBS R s .y B8 S OE U A
PRE.
L5 #MEBEMEMSHIZE
TEAWTFE 505 5 B0 RS & 80 R B o n 3k
2 fR.
x2 HEAHAEMRNEESH
Tab.2 Mass fraction of Al-Mn-Sc-Zr alloy powders %}
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Tab.3 Selected thermophysical parameters of

Al-Mn-Sc-Zr alloy
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Fig.3 Thermal material properties of Al-Mn-Sc-Zr
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Tab.4 Experimental parameters for melt track molding
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200 0.6,0.8,1.0,1.2,1.4,1.6,1.8,2.0,2.2,2.4
240 0.6,0.8,1.0,1.2,1.4,1.6,1.8,2.0,2.2,2.4
280 0.6,0.8,1.0,1.2,1.4,1.6,1.8,2.0,2.2,2.4
320 0.6,0.8,1.0,1.2,1.4,1.6.1.8,2.0,2.2,2.4
360 0.6,0.8,1.0,1.2,1.4,1.6.1.8,2.0,2.2,2.4
400 0.6,0.8,1.0,1.2,1.4,1.6,1.8,2.0,2.2,2.4
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Fig.5 Surface and cross-section morphology of single-

track with different process parameters
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Fig. 6 Numerical results of temperature field at

different moments(P =380 W, v=1.2 m/s)
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Fig.7 Numerical results of single-track forming with different laser powers
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Fig.8 Temperature variation with time at the same

monitoring point with different laser powers
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Fig.9 Molten pool size and size ratio with different

laser powers
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with different scanning distances
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