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Numerical simulation of magnesium alloy in CMT arc additive manufacturing
forming process

WANG Tianqgi, JING Wen, HE Junjie
(School of Mechanical Engineering, Tiangong University, Tianjin 300387, China)

Abstract: A three—dimensional transient numerical model was established to address the issues of difficult control of molten
pool precision and poor forming quality of structural parts during the cold metal transition (CMT) arc additive
manufacturing of magnesium alloy. The flow and heat transfer of the molten pool during the additive manufactur-
ing process were studied. A periodic coefficient was introduced into the double elliptic heat source to obtain a
heat source model more consistent with the actual CMT welding process, and the continuous surface force was
used to convert it into a body heat source loaded at the phase interface. The shape and size of the weld seam and
molten pool were predicted and compared with experimental results. Furthermore, the effects of different welding
currents on the weld seam formation at the same welding speed were calculated. The results show that the interior
of the melt pool is mainly influenced by Marangoni forces, which produce counterclockwise flow at the back of
the pool. The simulation results were compared with the experimental results, and when the welding current was
129 A, the error of melting width was about 1.13% , the error of residual height was 5.49% , and the error of
melting depth was 5.03%, which verified the accuracy of the model. At the same welding speed, the ratio of weld
width to height and the depth of fusion increase with the increase of current.
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Fig.1 Three—dimensional numerical model
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100 A ), KRREE A AR A0 AN BH I 5 Bl 35 F S A 8238 K
A v Bl B2 b A AR N o Ol T G A A
PUTRRZ Z W ok st s 6, Jefil /A /N 90°, (Had
AN Fl AN TR RO . FEAREEEE N 0.014
m/s AIEOLT , FRERTETE 100~129 A YEFEI N AT L
1R EG IS AR AR T IR S A S DT

AR L IR T KR AR R LU AN ET 9 s . H
Pl 9 R HTHL L B HG K2 R BURSERIETRIG . FLt
75 A 5 100 A B}, ARAERIE TR AL /N RV 150 A B
SRR T K BB AR IR

WA 2
L0

09 (a)75A

0.8

10.7

10.6

(b) 100 A
10.5

(c¢) 129 A

(d) 150 A

9 FEINEHERBIR TRRRXTLE
Fig.9 Comparison of melting depth at different welding

currents

3 4%

ARSI FE ZEONA CMT PR 5 i
B 2] T 50 EL A EE A 4 CMT HL I A1 8 o
T, WFoeas .

(1) ARG, 22 022 e Sk s)
LI 5 7, A PRI B IR D3, HLS v
BAG AR R 1A i s AT — 3

(2) MHE T ZZHCF P 500 IR 445 T8 |
A LA RRE TR R 22 4 0 R 1.13% .5.49% L K&
5.03%, BRZEIE/N Bk TR TR

(3) B TR R R R AR A I BE ,  TEE R
FE4 0.014 m/s BITEOLT , KRB FLRAE 100~129 A [l
I, BT AR RIS E o AR TR S A S
DU



14

ERBL G BEE SRR 1 P A U A 3 BT A e rh i B E R

-89 —

SE K-

(1]

[4]

(6]

(8]

[10]

AR, BRIRAS, JRE BOEHE S BE 5 6 nowh s SR
LB WOt e To# g, 2019,56(19) : 74-86.

ZHU Z Y, CHEN C J, ZHANG M. Research progress and
prospect of laser additive manufacturing technique for magne-
sium alloy[J]. Laser & Optoelectronics Progress,2019,56(19) .
74-86(in Chinese).

F, AR, EER S5 BIHGE BES B IER].
A 043 4441, 2021, 31(11) :3093-3105.

WANG Z, FU B G, WANG Y F, et al. Research progress of
additive manufacturing of magnesium alloys[J]. The Chinese
Journal of Nonferrous Metals,2021,31(11):3093-3105 (in
Chinese).

TLESE, MELEE, X4, 55, 86 &% 4 i i KRR
FEHERE(N]. BT AHL, 2021,52(20) :27-31.

JIANG H L, YANG H J, LIU W, et al. Research progress of
cold metal transition welding technology for magnesium al-
loy[J]. China Southern Agricultural Machinery,2021,52(20);
27-31(in Chinese).

StV DA, AR SE. CMT RS AR 2 5 947 1o U
FER00) FERRL 5 T22,2012,20(2) : 128-132,139.
ZHANG H T, FENG J C, HU L L. Energy input and metal
transfer behavior of CMT welding process|J]. Materials Science
and Technology,2012,20(2) :128-132,139(in Chinese).
ZHANG H, HU S S, WANG Z ], et al. The effect of welding
speed on microstructures of cold metal transfer deposited AZ31
magnesium alloy clad[J]. Materials and Design,2015,86:894—
901.

YI H, WANG Q, CAO H J. Wire—arc directed energy deposi-
tion of magnesium alloys: Microstructure, properties and
quality optimization strategies|J]. Journal of Materials Research
and Technology,2022,20.627-649.

CAOHJ, HUANG R F, YI H, et al. Asymmetric molten pool
morphology in wire—arc directed energy deposition: Evolution
mechanism and suppression strategy[J]. Additive Manufactur-
ing,2022,59.103113.

CADIOU S, COURTOIS M, CARIN M, et al. Heat transfer,
fluid flow and electromagnetic model of droplets generation and
melt pool behaviour for wire arc additive manufacturing[J]. In-
ternational Journal of Heat and Mass Transfer,2020,148;
119102.

CADIOU S, COURTOIS M, CARIN M, et al. 3D heat trans-
fer, fluid flow and electromagnetic model for cold metal trans-
fer wire arc additive manufacturing (CMT-WAAM)[J]. Addi-
tive Manufacturing,2020,36:101541.

EA EE, I, SRR R RAr J  4r J  E
FYVRE R[], K524, 2015,36(4) : 17-20, 114.
WANG C, CAO R, LIN Q L, et al. Numerical simulation on

temperature distribution of cold metal transfer joining magne-

[11]

[12]

[13]

[14]

[15]

[16

—_

[17]

[18]

[19]

sium to titanium dissimilar metals[J]. Transactions of the China
Welding Institution,2015,36(4) :17-20, 114(in Chinese).
A, FNGEH]. CO, LKA R - He i b = 2 I S B (B A
AT HEE2AR,2016,37(1) : 115-119, 134,

XIA S Q, SUN X M. Three —dimensional transient numerical
simulation of melting pool in CO, shortcircuiting arc welding][J].
Transactions of the China Welding Institution,2016,37 (1)
115-119,134(in Chinese).

BAI X W, COLEGROVE P, DING J L, et al. Numerical anal-
ysis of heat transfer and fluid flow in multilayer deposition of
PAW-based wire and arc additive manufacturing[J]. Inter-
national Journal of Heat and Mass Transfer,2018,124.504 -
516.

HUANG J K, LIZ X, YU S R, et al. Real -time observation
and numerical simulation of the molten pool flow and mass
transfer behavior during wire arc additive manufacturing|[J].
Welding in the World,2022,66(3):481-494.

JEIRES  RUERY AR S BT A BUE E BUR R
JESUR B SIUE 52 W 107 5 [J]. P34, 2016, 65(3)
331-342.

ZHOU X M, ZHANG H O, WANG G L, et al. Simulation of
the influences of surface topography of deposited layer on arc
shape and state in arc based additive forming[J]. Acta Physica
Sinica,2016,65(3) :331-342(in Chinese).

HUSS, ZHANG H, WANG Z ], et al. The arc characteristics
of cold metal transfer welding with AZ31 magnesium alloy
wire[J]. Journal of Manufacturing Processes,2016,24.298 -
306.

FoHdE, BT, WidEE, 55 TIG i - b S5 i sh %k
{ECRELLT]. HLBK T Re2#412, 2015, 51(10) : 69-78.

WANG X X, FAN D, HUANG J K, et al. Numerical simula-
tion of heat transfer and fluid flow for arc —weld pool in TIG
welding[J]. Journal of Mechanical Engineering,2015,51(10).
69-78(in Chinese ).

SAHOO P, DEBROY T, MCNALLAN M J. Surface tension of
binary metal—surface active solute systems under conditions
relevant to welding metallurgy[J]. Metallurgical and Materials
Transactions B, 1988, 19(3) .:483-491.

2L, MR, SR, Bkl GMAW 42 ik i Al A2
AR AR50, 2004(2) : 47-51, 131.

LIS K, CHEN M A, WU C S. Analytical model for dynamic
process of metal transfer in pulsed GMAW|J]. Transactions of
the China Welding Institution,2004 (2):47-51,131 (in Chi-
nese).

BASCH, EERDT ) ALOAR, AF. CMT H I B i i o P A%
IR FOREAEAUL ). LA TR~ 41, 2022, 58(1) :267-276.
ZHAOW Y, CAOXY, DU X W, et al. Numerical simulation
of heat and mass transfer in CMT-based additive manufactur-
ing[J]. Journal of Mechanical Engineering,2022,58 (1).:267-
276(in Chinese).



-90 -

XOW Tk K ¥ ¥

i 44 4

[20] BRACKBILL J U, KOTHE D B, ZEMACH C. A continuum
method for modeling surface tension[]J]. Journal of Computa-
tional Physics, 1992,100(2) :335-354.

[21] #hPCBE, X, 284, 5. GTAW Z A BUE AL AR
ISR BRI IAL] #H%541, 2021,42(6) : 5863, 100.
HANQL, LID Y, LI X L, et al. Real-time phase interface
marking method for GTAW multiphase flow numerical simula-
tion[J]. Transactions of the China Welding Institution,2021,42
(6):58-63,100(in Chinese).

[22] HUANG J K, GUANZC, YUSR, et al. A 3D dynamic anal-

ysis of different depositing processes used in wire arc additive

manufacturing[J]. Materials Today Communications,2020,24 .

101255.

HUANG J K, YANG M H, CHEN J S, et al. The oscillation of

stationary weld pool surface in the GTA welding[J]. Journal of

—_

23

Materials Processing Technology, 2018, 256.57-68.

[24] i Y T3 B A G AN THORM]. JE st fE2
Tl Bt 2017.
ZHAO H F, FAN J P, WANG L. Magnesium Alloy and Its
Processing Technology[M]. Beijing: Chemical Industry Press,
2017 (in Chinese).

AR5

TR, W, RN BEA G AEve G i 0 F S A4 1]
RO R AR KA Tl R4, 2025, 44
(1): 83-90.

WANG T Q, JING W, HE J J. Numerical simulation of mag-
nesium alloy in CMT arc additive manufacturing forming pro-
cess[J]. Journal of Tiangong University, 2025, 44(1): 83-90(in
Chinese).

(L% 82 W)

cess, 2020, 9.660-672.

[17] EilEE. CLTLC ZisHRL Heds iR MO A L THAR
4, 2021, 37(2) :380-388.

WANG Y F. Magnetic integration method of cltle multi reso-
nant converter[J]. Journal Transactions of China Electrote -
chnical Society, 2021, 37 (2): 380-388(in Chinese).

(18] miefls, BUBR, XUk, 55, FET GaN AF LLC IR Z #eds

SERIFIR R GERIIRFE 7 M [J]. K Tl K242 41, 2021,
40(2):52-63.
GAO SW, HE C, LIU H, et al. Loss analysis based on stag-
gered parallel system of GaN full bridge LLC resonant convert-
er[J]. Journal of Tiangong University, 2021, 40(2): 52-63(in
Chinese).

[19] YANG F, RUAN X B, YANG Y, et al. Interleaved critical
current mode boost PFC converter with coupled inductor [J].
IEEE Transactions on Power Electronics, 2011, 26(9) :2404-

2413.

ARG INIEY % T GaN HEMT (¥ 8] DC-
DC ZE e 25% ZR GEFE ST HT[J]. R HE Tl K22 24412, 2020, 39
(2):61-68.

GAO SW, QI SL, SUN XT, et al. Loss analysis of double ac-
tive bridge system based on GaN HEMT[]J]. Journal of Tiangong
University, 2020, 39(2): 61-68.(in Chinese).

[20

—

AR5 R

e, MR, TEE, S5 T R XU DC-DC B4 AR i
EIE G4 il AR AR BT, R Tl K224k, 2025, 44
(2): 75-82, 90.

GAO S W, JINCZ, YUG H, et al. Design of EIE mag-
netic integrated inductor for Double —frequency DC-DC con-
verters[J]. Journal of Tiangong University, 2025, 44(2). 75-
82, 90(in Chinese).



