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Fig.2 Thermophysical parameters of Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr alloy: (a) specific heat, (b) density, and (c) thermal conductivity
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Table 1 Main parameters of Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr alloy

Parameter Value
Absorption coefficient of powder, 7 0.37
Solidus temperature, 7/K 798.41
Liquidus temperature, 7,/K 904.05
Surface tension, y,/N-m’ 0.55
Temperature coefficient of surface tension/x10* N-(m-K)"' -2.656
Solid viscosity, u /kg:(ms)” 5
Liquid viscosity, x/kg:(m-s)” 0.002
Latent heat of fusion, L/x10° J-kg" 3.5
Heat transfer coefficient, hC/W~(m2-K)'l 15
Radiation emissivity, ¢ 0.4
Stefan-Boltzmann constant, 6/x10° W-(m*K*" 5.67

=

K13 ks &5y
Fig.3 Mesh generation

TRACTINR St Hs 734 P H8 i R T A it <o 1 ey b i
GiiAN , T AL A AN BT B, (A AT RO BE— 2538

£ 1.22 ms I, WOG R IF 461 55 B A5 -F 10, ik 7
ek 55 , 45 1t H1 Marangoni X 3L A1 s 1 [ 7 [R] B B 26 A4
[ SN, HE— P3G 0 7 4 R T, [\ B Marangoni
TR J H [T B 4T 378 o AE 1.27~1.30 ms Y1) , it 55 3%
IR I T2 B, Joi s P Ui PR PARAEG , ST s v s g 9k
5 5 J75- 1 ) Marangoni X 8 3 ZLORB)) 77, W] B¢ [X 3805 7
WEIETT . 76 1.90 ms B, ST A H) 2 =05 ISR e 4 [H
W AR BURLIE A TE UG 2, 18 T8 30 2 i Tk R BURLAN 578
IEATE R T FLBR . 256 DL B A, 2R X WO I AL %
T R, i G ZE RGN, it N A R 30 R
Marangoni X it BK 5] ; 24 47 1 o 4 &8 28 RIRAGET , s e
JIx AT ke e .

3.2 BHFEIhEITIEMIRENAIFN

Bl 5 RAEBOCIRE NS g ERER, It
IR IR 0.3 m/so A iy Sk SR T I it rh A i 4
JE BN A, i Sk R AN B R R AU R/ .
Bl 5t a] LUE Y BEE 0GR (RGN, JE A4 I T AR
W . 4BWOCTHE N 40 W HEINE] 100 W B, 5 K E
M 2.672 m/s HEINF] 4.914 m/s, JE G N T K5I P44 Huth
JRIR I A AR AN e DOZ TG 0. S FEE
SE IS, BE G W06 D) Z 13 K, 15T N s A E W,
Marangoni XL Sz 35 [F) 4 FH T8 3 A ik 2 )
HESHIRAR ] SRS » B i PR 1 VAR B2, A v A IR
BN BE 798070 5 FEIX 8 DR 3% 1 36 (R VR FH R A i o 42 ik 46
JE A A DL AR T



F11 RIEFELE: 1% XBOLIE I Mg-Y-Sm-Zn-Zr & & I3 32 BUE A1 <2847 o

Temperature [K]

300.00 568.25 836.50 1104.75 1373.00

B4 WY Y 7 ISR BE 23 A SO AR sl i B
Fig.4 Temperature distributions of the molten pool in the Y-direction and fluid flow process: (a) =0.97 ms, (b) =1.07 ms, (c) =1.15 ms,

(d) =1.20 ms, (e) =1.22 ms, (f) =1.27 ms, (g) =1.30 ms, and (h) =1.90 ms

Velocity [ms”

&= 3
0.000 0.668 1.336 2.004 2.672

Velocity [ms™]

[ ) -
0.000 0.918 1.836 2.754 3.672
L : Ie)
\( ! y

Velocity
. n 0,000 1.033_2.067 3
O N > INY S
Y &S ~.. L e e
LX Velocity [m-s"]

0.000 1.229 2.457 3.686 4.914

5 FARIEEE 9 0.3 m/s IS RO T 2 10 it 4 e 1 2 o [
Fig.5 Flow field velocity vector diagrams with different laser powers
at the scanning speed of 0.3 m/s: (a) 40 W, (b) 60 W, (c) 80 W,
and (d) 100 W

HFOCTIAR 80 W I, SRy 4.13 mi/s, JEI 4%
MR K. K H Peclet 31 (Pe) R /n AL AFE L, 18 1t
Hh A BAEL S P At T RN UL A8 A R A ) U R
Pe 8 i e 7 A% GBI o 1, ok [l LB pR . Pe AR A
LA PR
_ Convection _ wC, Ly

Conduction k
b, v TR, p N4 i % E (kg/m*) , C N4 R EL A
2 (J/kg KD, L ARFIEAC BE CRURB B 58 B — 21 L k ik
AT A Pe AR WAME ST LA, 2 Pe it m T 1
I, PO IRAE RSB N AL O R BT 3 i@l i 5
SR A3 Pe B 2904 3.04, Bb INF 45 i ) = S 4E FAHL | O #4

MFOETHE g 80 F1 100 W B, 6 il 4 J 7t o) 1 FEE 4
SIEB] T 4.134.4.914 m/s, I RS RS IR DX 08 0
1T O6 T 28 I, 4 s A B B o iR B A
Marangoni X7t 5 IR 24, [5]I ie U PRI 17 Jo8 Rl A (1K
JEE AR TSR 5l 38500 BEL 96k 55 ER] b < e VR A i Bl i
FEERE N, It T8 1Y 00 SO AR T, 8 J T 2 T TR B R
el (S AU G A0 RN, o PG 7 b R A 1, TR
12 3 5 & 28 RIR L, I A R SURIZE R IRAL, PR AR TR R
FR S v s A T i b R T, A 0 s A VRS <6 J AR BT
SN 2%, AEAS I T H T

Pe 12




2848 o WA EEMES TR 554 3%
3.3 FEEREXEMREA RN R IE T B2 2.859 m/s, F6 1B PN IR AR L Bl 3 B U 2% L I

PR TECA [ 471 9 P58 S5 J8 Y R V8 R 0 3 1) 52 T [T 2%
B WO YIZ N 60 W, 3 H#1E E 9 0.3.0.5 220.7 m/s.

P 6 2 AN A 4l P R A 3 T R R R
BFHOE TR N 60 Wo B Sk S B T 45 it oA A4 s
Nk B, #i Sk KA AR R RIE RN, WK
HR] DU, I o 4 T PR AN W 38 O, i A I TR T ik
AN, AR N 0.3 m/s S0 3 0.7 my/s I, d5 RV E A
3.672 m/s Yl /N F T 2.859 m/s, I H A IE ST B4R
Bée i s R~ RN A2 T XN S el o o o 3
I, B N ZR R i A S A E B D, SRR T
ik 77 5| #21¥] Marangoni 250 .95 55 , 46t P9 A% 2 4% T AE
/N o DRI, B0 e PR 5 TR R 2D T A Tt A N B A
&R T

Y TE D 0.3 m/s IS S PO AR RE
3.672 m/s, W ARAFATE RS 8 K it , I ELIG b AR b 25 1
o S ERT ARt A R B 25, 2R I g A i 1T ot
iF Marangoni 5 it A i i 75 AH L1 24, [8) iR T 4%
Tty JeE 3 5 R HR A7 A A AR O R PR A LA 38, At
JOTHEIN . HEOG A E E 9 0.5 m/s B, JE it P 4 il
& B H IR N B R 3.304 m/s, I RSN 4 R R R
AL, BIORL ] 2 BT 2%, SRR B S5 A, TR RSS2 8L
A S HGERE N 0.7 m/s I KT P9 IRA R R

[m-s"]

Velocity
| S = -

0.000 0918 1.836 2.754 3.672
| WS ol o c b

Velocity [m-s™]

| - u
0.000 0.826_ 1.652 2478 3304

Velocity [m's™]

HE = - |
0.000 0715 1429 2.144 2.859

6 WOt DA 60 W A [F) 4= Fi b 5 T 1RV 7 o 2 2 ]
Fig.6 Flow field velocity vector diagrams at different scanning speeds
with the laser power of 60 W: (a) v=0.3 m/s, (b) v=0.5 m/s, and
(c) v=0.7 m/s

MRS
3.4 {RMMIPE

F2It 3 IR R 77 5 BUB I AR TH B L DL R il &
T F% 51 2 Marangoni i At , #1552 30 HE 42 7] [ A (14 9 20 A5
3, AE MR DX N . F Bk R, SOk R, 4%
4 JE AL B M FE T X3 459 P 3L FE T 71 Maarangoni
X IR S 0 e At N AR PO AR 2 A S 3 i, 4
W 2 T N A5 AT, 5 1t [ B R JE REAE — s Y [
PICRFEFE A R I 5 0 b R ST D25 R s AS TR AL AT
fiE o T 4 RS B 0% A8 111 B X 3 5 0850 R [ 2 1 i
23,

N T IR FCBO G T Z 5 X A T R 3 RO A
BN, 5l NEeRe R R, b B A R

77=£ (13)

%
o, PRI v MR .

B 7 N RER BT n=200 J/m I, REA T ZESH T4
IR SIn I =4S . R FTR, it R R
G AT RN M R B TE AR [F] IO R Re B % B I H AN ]
FIAR b FA : O TR N 60 W, FHEEEE 4 0.3 m/s B,
YAV VTR SR FE A 18.50 wm s 6T 28 100 W, 414 38
0.5 m/s B, It Y BEVR R 22.43 ume HIEOEThR A

Bl 7 Zehe % B9 200 J/m NV = 4 JE SRR XY P IR < = ]
Fig.7 Three-dimensional morphologies of the flow field (a, b) and
XY-plane flow field vector maps (a, b,) under line energy
density of 200 J/m: (a—a,) P=60 W, v=0.3 m/s; (b—b ) P=80 W,

v=0.5 m/s



11

RIBEE S X RO RUE Mg-Y-Sm-Zn-Zr & <5 I BUE D

100 W, FH#5EFE A 0.5 m/s I, BT IR FE R EE RN e 2
PO 28 A 1 AR R IR, S0 SRR A [ X5 P B N J it
(R FAER A [R] , {E SN R 8] F R N B R VA S R AN ] L I
5 39 L O 2 I () B, o HRORT A 1 5 A A N
N, EOG Th E A A e IR T, S B T R S
e WOt 60 W, FHHHE E A 0.3 m/s B AT UTRE 5%
JIN AR 8 Ao 43 e s P AR TR B B 7 4, 38 T AR
) A 3ot s i), 2 T 9K 7 6 o il o ) A T s it 0 54
i, iE AL VE K. R, AR R T — 8L (H
SEWOE TN 100W, 4514 18 5 0.5m/s B 44t ] ~T %5
JIN BT T B TR

4 SCEUIOIE

9 T B R AR Y B AT SE M 4 1) £ ) Mg-3.4Y-3.6Sm-
2.6Zn-0.8Zr BRI [ s 18 R FIASADL 45 S EAT T LG o
4.1 IIGHHRL

AT e AE FH B B 32 AR =AU Mg-3.4Y-3.6Sm-
2.6Zn-0.8Zr & 4, oK FH B AT B 3 TR = AR A i) 2% 7
1% (CN202210572099.7) 3R FLAE 5347 4 40~70 pm, 112
FLA% R 52 wm B AN KL Ry AR A Dy S8 1 S A4 L, s 8
FTR NEEHK A SEM I8 o 3% X O KAk O Al , 75 22
Y& BN R T B s T A EER [A]4 8 he
4.2 LEFERTE

S TS FH O PR O % %4 BLT-S210, 1% SLM
RO 1R £ 2 E R Nd-YAG Bt 88 , SO H D% 500 W,
PRI SRS B R B RSE 8 105 mmx 105 mmx
200 mm. PO BE B % D A 60 um, $1 3 18] B5 H N
80 um, ¥y K 2 JEE T4 20 pm, FEH AR N ZK6 1M, 5256
Bt Sl L2 5 S EUE B — 2
4.3 LWERSHH

TEHT HA R R g S FE o, JE 0 2 Rt AR 45 2R
5 SIS S5 5 AW B8 R B S EO T B IR,
AR TR IEER S ILE SR . A RIEN T ZES
0 WOETI R 80 WL HHE I E 4 0.3 my/s B B AT 43 i
YEIE RSHFRIR TS 0B 9 B, I8 I 215 H S A g
T8 9629 151.60 pm; MBS A& E 5% 136.27 pm. 15

L T

- “

-\

100,nm?

8 Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr &4 K1 K SEM 51
Fig.8 SEM image of the Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr alloy powder

Width=136.27 pm

-

K9 B RS
Fig.9 Sizes of melt path: (a) experimental result and (b) simulation

result

T IR 729 10.11%.  BLI 5256 45 R 5 HE Bt 2
HIRZE/NT 15%, AR A HER PR E— 2245 31 1 Bl

5 45 i

1) J i A LA 38 30 1 = 5 IR 2 v T RS o 1 5
HJ Marangoni X} it . Marangoni X i 5 £5J& it PO 5 0%
MR GAAFAEAL I AL TR . WoeThad &, Jxih R 1
R0 P R AT ¥ a5 7 A 2R SR S T 7 i A b
IR

2) IO Th 2 55 AR AT A1 3530 P S At P Y B 9 BT
M3 — 8. HEs TR h40 Wi In &
100 W, 5 K58 M 2.672 m/s 3 K F]4.914 m/s. 444
T 0.3 m/s BEHNZE 0.7 m/s, B K IE M 3.672 m/s 5/
27 2.859 m/s.

3) 240 £k At B A R , At R ST R ]
AN R ) A B N B R VA 003 O [ 2 B O [ 1 AR 4k
fa,

bz ]
[FJ

S

[1] Liu Shuai, Guo Hanjie. Metals[J], 2020, 10(8): 1073

[2] Tian Zhigian( H & %), Wang Ren(7F iA), Feng Junbo( % 18 12)
et al. MW Metal Forming(<: J& I T.(F N T))[J], 2023(6): 8

[3] Zeng Xiaoqin( % 7N #h), Chen Yiwen([% X 30), Wang Jingya( i
HE) et al. Transactions of Nonferrous Metals Society of China(f
A5 € 4 Jm 24 4R)[T], 2021, 31(11): 2963

[4] Song Jiangfeng, She Jia, Chen Daolun et al. Journal of
Magnesium and Alloys[J], 2020, 8(1): 1

[5]Wu Guohua, Wang Cunlong, Sun Ming et al. Journal of
Magnesium and Alloys[J], 2021, 9(1): 1

[6] Cheng Zizhou(F£ T M), Zhao Liping(iB*##), Wang Xiaoqing(+
/NTF) et al. Rare Earth Information(Fi 115 2)[J], 2022(5): 30

[7] Luo Xiaodong(® %), Zhang Dezhou(5Kk 7 3]), Chen Xiaoyu([%
/NW) et al. Journal of the Chinese Society of Rare Earths(" [E #i
T2EAR)[T], 2023, 41(2): 244

References



. 2850 ¢ WA EEMES TR 554235

[8] Papazoglou E L, Karkalos N E, Karmiris-Obratanski P et al. Advanced Manufacturing Technology[J], 2011, 57(1-4): 245
Archives of Computational Methods in Engineering[J], 2021, [14] Geng Shaoning, Jiang Ping, Shao Xinyu et al. Journal of
29: 941 Materials Science & Technology[J], 2020, 46: 50

[9] Zhang Wanneng, Wang Linzhi, Feng Zhongxue et al. Optik[J], [15] Fabbro R, Chouf K. Journal of Applied Physics[J], 2000,
2020, 207: 163842 87(9): 4075

[10] Razavykia A, Brusa E, Delprete C et al. Materials[J], 2020, [16] Semak V, Matsunawa A. Journal of Physics D: Applied

13(17): 3895 Physics[J], 1997, 30(18): 2541

[11] Song Xingfang, Zhang Yong. Science China Materials[J], 2023, [17] Wang Wenli, Wang Dan, He Lun et al. Materials Research
66(11): 4165 Express[J], 2020, 7(11): 116519

[12] Xie Xigui, Zhou Jianxi, Long lJiangqi. Optics & Laser [18] Li Xianlong, Wei Xu, Zhang Laiqi et al. The International

Technology[J], 2021, 140: 107085 Journal of Advanced Manufacturing Technology[J], 2023,

[13]1Xu G X, Wu C W, Qin G L et al. International Journal of 125(11-12): 5031

Numerical Simulation of Flow Field of Mg-Y-Sm-Zn-Zr Alloy
Formed by Selective Laser Melting

Song Xiaoxia, Wang Wenli, Liu Yafei, Dong Guowen
(College of Metallurgical Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: A powder-scale three-dimensional model of the selective laser melting (SLM) process for Mg-3.4Y-3.6Sm-2.6Zn-0.8Zr alloy was
established by the discrete element method and the finite volume method, and the effects of laser power, scanning speed and laser line energy
density on the fluid flow in the molten pool were simulated. The problems of metal melting, fluid flow and solidification and forming process in
the molten pool were analyzed. Results show that the effects of increasing the laser power or decreasing the scanning speed on the solute flow in
the molten pool are essentially the same. At a certain scanning speed, the maximum fluid flow rate is 4.914 m/s when the laser power is 100 W.
The recoil pressure due to the evaporation of the molten liquid at higher molten pool temperatures leads to the depression of the molten pool.

Key words: selective laser melting; rare earth magnesium alloys; numerical simulation; fluid flow
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