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Table 1 Chemical composition of AISi10Mg alloy powder

Element Mass fraction /%
Al Rest
Si 10.3
Mg 0.35
Cu 0.2
Ni <0.01
\% <0.01
Fe <0.01
Mn <0.01
Ti <<0.01
7n <0.01
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Fig. 1 Particle size distribution of AISi10Mg alloy powder
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Fig. 2 FS271M laser selective melting (SLLM) equipment
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Table 2 Melt channel forming parameters
Laser Powder layer Laser Scanning speed / Linear energy Energy density / Melt
power /W thickness /pm radius /pm (mm-s ") density /(Jom ™) (Jomm ) gap /pm

300 50 45 700 429 85.7 130
300 50 45 1000 300 60 130
300 50 45 1500 200 40 130
100 50 45 200 500 111 80
100 50 45 500 200 44 .4 80
100 50 45 800 125 27.8 80
100 50 45 1000 100 22.2 80
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Fig. 3 Powder bed and forming melt channel
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Fig. 4 Formed melt channels and their microscopic morphologies
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Fig. 5 Change of melt channel width with scanning speed
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Fig. 6 SLM forming. (a) SLM forming physical process; (b) mesoscopic numerical model of SLM process
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Fig. 7 Profile view of laser action

TR O T N ] 14988 R e AR I ) O R D Jo o i
X =457

=

M5 B L Bl dk S 5 R AR B SR AE AR
P 2 1K o

L4V po)=0, (4)
%(PU>+V'<PU®0):V°<#VU>* Vp+oegt f,
(5)

%(ﬂhH Ve(ooh)=V+(FNT)+ Q.+ Qu +
Qu+ Qo (6)

o Fl g 735 2 7 3 2 A E ) BE 5 e R AR
(3 SR 5 p 2 R 58 5 f RN AN B i PRI 5 T 3R iR
BE s 0 RN s h RARIIE 5 Q. Qe Qv Qu RN ARG
PR BB A4 i o B RE e PR

FE SO I R, 4 A R BORL I W O BE
Ja R T R AR R SR A o WS R A A T
7K 1 BT 35 3] 1000 mN/m PL_E #5580 o il 1 A4 3% T
5K ARSI AR R R AR o R R A L S
TS5 1] 3 R At 2 T O I RE A L D R e bl T
5K 77 8 KA IR A 1 S 194 3 T 5K T B R I 7 A Y

1602307-4



£ 51% 5§ 16 H1/2024 £ 8 B/ EH*¢

24 3 JE RN 43 5 4 L vh U T Y Az By, O s
J 1 FAE T 2 R AL . B KRN A
A h
do
me.]gm.i:ﬁ[w—nm-vn], (7)

Ao WA S E MR T RE G ALK

Wifi 5 OGS Bl WA I b A 5 [ T | ) 6
L PN WA 42 AR IR R AR B, B A i K Bl AR
AH KT T 2 18 7k 7 S B 2= I JE RN T BN BE LU
AT DLISUE 3 — 25 S o 7E AN it i 2 T gk g AR B A A
o B R A2 BB A IS TLF R & A W) I AR A5 Sy B v 2

T AEBOCEH N ARG S AR %,
B IR B rh 25 R T 78 R MR . AR B
Klassen &5 H (1) 7% % o B2 B AT |, 75 39 78 & W 3R
i N

oAH, T—T,
Go=—"—"—poexp| AH,——— |, (8)
V2xMRT RTT,

P po N IREE 5 T, I i 65 @ 28 KRR
AH, 078 J i 38 s M b 42 T8 W REIG B8 JRK i i 5 R O FEAR
SRE AL
2O BE T 2 A e A o 2 IR R Bk

A A A 2R RS it 7 A R B ik R A
JL MR J1 K T 5% T 0.55P,, Hovh Py ol 5 1t 9 40 R 26 R
FE o FEBUE AL b i R 2% S LA AR G =X
e T . AR ORD 28 A AT SR O 8 T - v i A
B R S T,

T_Tlv

b o

(T )=0.55 AH,
pAT) Po eXp ( RTT,

32 MBISEHIEE
AR 5 FE AR5 K [R] Fpbr kL B4 8 AISi10Mg,
MR P T S8 IR 8 R 3 TR .

0.0024 2800 170 = 1150
B —M— density
0.0022 —A— viscosity =1 160
0.0020 = 2600 = —l;l—thEH:ﬂal conductivil.:y 1100 _
—(— specific heat capacity - 150 & £
0.0018 = E éf
2400 - q140 S
o 0.0016 = ,sg % =11050 3
. S = ;v_
£ 00014 | & =130 ? 8
< < 2200 | g 5
£ o002 | %’ \. - J120 £ 1000 £
= 3
5] o) O 8 =t
800010 B A S g
= 2000 b= — u =110 B 2
0.0008 |- \ % 4950 “
- <100 £
0.0006 I 1800 |- \A\ \
[ |
0.0004 | . A\—A\. 1% 4 900
0.0002 1600 L 1 1 L L [} L L L L 1 L L 1 L [} 80

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200
Temperature /K

El8 AISIIOMg M # T3 WA S B HESIREN R
Fig. 8 Thermal conductivity, specific heat capacity, dynamic viscosity, and density as a function of temperature for AISi10Mg
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Table 3 Thermophysical properties of materials
Property Value
Solidus temperature T, /K 830
Liquidus temperature T, /K 870
Boiling temperature T, /K 2743
Latent heat of melting AH /(J-kg ") 3.89X10°
Latent heat of evaporation AH, /(J-kg ") 1.07 X107
Saturated vapor pressure P, /Pa 1.013X10° (2743 K)
Surface tension coefficient o, /(N-m ') 1.02
Temperature sensitivity of surface tension o/(N-m - K™') —3.1Xx107"
Convective heat transfer coefficient A, /(W+'m *K ') 82
Radiation emissivity € 0.4
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Fig. 9 Comparison of single-channel appearances under 100 W power and different scanning speeds
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Fig. 10 Microscopic appearance of single-channel formed under 100 W laser power and different scanning speeds
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Fig. 11  Comparison of small particle spheroidization (left: particle sputtering area; right: no sputtering area)
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Fig. 12 Microscopic appearance of double-channel (left: 800 mm/s; right: 1000 mm/s)

1602307-7



£ 51% 5§ 16 H1/2024 £ 8 B/ EH*¢

FE RS B, 58 A AR X T 28 — 4% 0 3 o Jin B
SELAACTREE I R IS T S . 2ad i A
T Y S AR B AR R OB DX B T ) R e — 4
REARS, AT LA F) 555 B 4 7 B S Ak R0 7 Ok 18 5 i 5[]
FE 1 2505 38 0O O XA 4B 07 ) TRAE R, O
T XS A A 1) R A T 2 R A AR B TR A
BERIE IR R DL M A E S B HE T —ERER
[

AR (200 mm/s) BOE R L fE b, SRk %
J& 4 500 J/m, 6 B 4 Ja J b i R A v, R TR E T3k
G| e oy MR NS B o o 07 A W R L DS A D O B
b VR T Y ER B R N o [l 13 AR T 5 b = 2H A
I 18 WY 356 B OB oK PR IO 20 pum A 445 38 a0 6
WV BE A8 Ak . 7E 500 mm/s B E R L T4
FE 2 IR X AR e St PN 2 7 B Ak I R I e v TR
AN 1200 K, WA G &0 S WMAAE — 2 220 %
Tt Ak 51 Y B O AN B S T AT 220 2% AR
JFE 75 R [ 5

1200 —=— 500 mm/s
—o— 800 mm/s

1100 - —4— 1000 mm/s

1000 |-
900 -
800 -
700 -

Temperature /K

600 -

500 [

400
300 1 1 1 1 1
0 0.001  0.002 0.003 0.004 0.005
Time /s
13 B R R N A H i 2 D e
Fig. 13 Temperature evolution diagram at a point in the powder
bed
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Fig. 14 Section of molten pool at 500 mm/s scanning speed
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Fig. 15 Timing diagrams of single-channel forming section at 200 mm/s scanning speed
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Abstract

Objective The parameters for selective laser melting (SL.M) directly affect the morphology and microstructure of the melt-forming
process, which in turn affect the mechanical properties of the formed structure. Metal powder rapidly heats up and melts under high-
speed laser irradiation, forming a metal molten pool. The complex heat and material exchange processes inside and outside the molten
pool are difficult to detect in real-time using monitoring instruments. To address the defects generated during the SLM forming
process of an AlSi10Mg alloy, this study employed experimental and numerical simulation methods to investigate the effects of

forming parameters such as laser power and scanning speed on the morphology of single- and double-channel of the AISi10Mg alloy.

Methods FS271M laser selective melting equipment was used for single- and double-channel SLM forming of the AlSilOMg
powder. The aluminum substrate was preheated to 130 °C, the forming cavity was filled with high-purity argon gas as a protective gas,
and the oxygen volume fraction was controlled to be less than 0.15%. Table 2 lists the forming parameters. The melt length was set to
20 mm. To facilitate subsequent observation, 1 mm spacing was set for single-melt scanning, and the forming process was repeated
five times. After forming and cooling, the morphology of the melt was observed and analyzed using an AM7031MT digital
microscope. In addition, Flow-3D v11.1 software was used to simulate the single-channel laser selective melting forming process.
A numerical simulation was conducted to investigate the physical effects and phenomena such as thermal radiation, heat conduction,
solid-liquid phase transition, molten pool evaporation, gravity, surface tension, and the Marangoni effect derived from the SLLM

process.

Results and Discussions Under different scanning speeds using a laser power of 300 W, the overall continuity of the formed melt
is good, no obvious spheroidization is observed, and the degree of overlap is high. As the laser-scanning speed decreases, the width of
the melt gradually increases, and a clear ripple morphology is generated at a scanning speed of 700 mm/s. When a 100 W power laser
is used for melt forming, the discontinuity and spheroidization of the melt are more severe. The width of the laser heat-affected zone
decreases with an increase in the laser scanning speed. The lower the scanning speed, the more obvious is the degree of oxidation and
blackening of the powder molten pool. The oxidation effect of the AISi10Mg powder during processing is a major reason for the low
density of the formed structural components. In practical experiments and production, the first-layer premelting method can be
adopted to consume as much residual oxygen in the cavity as possible, reducing negative oxidation effects during the molding process.
Under the action of a low scanning speed and high energy density laser, the spattering and airflow of the molten pool become more
intense, making it easier to produce small-particle spheroidization defects on the forming plane. The keyhole depth generated by the
metal molten pool under steam recoil pressure can reach 100 um. As the laser moves, the molten pool rapidly cools and solidifies due
to the high thermal conductivity of the aluminum alloy materials. If the keyhole is not completely filled by the molten pool fluid, pore
defects form. Therefore, avoiding keyhole generation while ensuring the continuity of the melt path is necessary. The discontinuity of
the melt path is mainly caused by insufficient melting of the powder layer. Reducing the thickness of the powder layer can improve the
discontinuity caused by insufficient energy. However, the selection of SLM forming parameters should consider the product-forming
efficiency while ensuring the quality of structure forming. Reducing the thickness of the powder layer prolongs the structure-forming
time and affects the forming efficiency, and increasing the preheating temperature reduces the energy required for melting. To
investigate the effects of the preheating temperature on the morphology of the formed channel, a laser power of 100 W and scanning
speed of 800 mm/s were selected as scanning process parameters, and the preset environmental temperature T, was gradually

increased for calculation. At 7,=500 K, the discontinuity phenomenon in the forming area is eliminated.

Conclusions This study investigated the single-layer melt forming of AISilOMg powder material through experimental and
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numerical simulation methods. It was found that the surface tension and melt recoil pressure play crucial roles in the evolution and
motion of the molten pool. Even when high-purity argon gas is used as the protective gas for the experiment, because of the
oxidizability of the AISi10Mg material, residual oxygen still affects the quality of the melt forming. Therefore, the oxygen content in
the forming cavity should be minimized as much as possible prior to forming. Because the AISi10Mg alloy powder has a weak laser
absorption ability, the energy absorption rate was set to 12% in this study. For a given powder bed with a thickness of 50 um, a
mobile laser beam with a linear energy density of 200 J/m is required to completely melt the powder layer. Under low-power 100 W
laser scanning, because of the low energy density of the laser, the melt channel is prone to discontinuity and large-scale
spheroidization. Increasing the input energy density by reducing the scanning speed does not effectively solve the problem of uneven
melt channels. Obtaining a smoother filling in the keyhole formed under low-speed scanning is difficult, which reduces the quality of
the melt channel formation. By increasing the preheating temperature, the laser line energy density required for melting can be

reduced, and the morphology of the melt formed at low power can be improved.

Key words laser technique; selective laser melting; AISi10Mg alloy; process parameters; defects; numerical simulation
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