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Effect of Rare Earth Metals Added to Wire on Droplet Transfer
Mode in GMAW with Pure CO, Shielding Gas

SUN Xian
(College of Materials Science and Engineering s Taiyuan University of Technology, Taiyuan 030024, China)

Abstract; The effect of rare earth metals added to wire on droplet transfer mode in GMAW
with pure CO, shielding gas was reviewed. The results show that when the welding wire contai-
ning rare earth metals is welded with DCEN pure CO, shielding gas, owing to the expansion of
the cathode spot area in the arc (the arc above the droplet presents a conical shape), the refined
droplets form an axial spray transfer mode, the spatter generation is very small, and the usability
is excellent. The rare earth metals reduce the work function of the cathode electrons, at the same
time, the high electromagnetic pinch force allows the droplets to transition axially in a smaller
size, and the direction of the dominant force acting on the droplets facilitates the droplet transfer,
and finally the formation conditions of droplet spray transfer are fully satisfied under pure CO,
shielding gas. The application of welding wire containing rare earth metal in new power supply
with current waveform control makes the J-STAR® welding method realize ultra-low spatter in a

wide current range, which widens the application range of the process.
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Table 1 Droplet transfer mode in GMAW with pure CO, shielding gas
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Fig. 1 Behavior of arc and droplet transfer in CO, welding(100%CO,, 300 A, 40 cm/min)

1.2 4 CO, ®RPSME GMAW TZRE

MR 2 W] LU, 6 ok P B A8 (30~ 200 A
16~22 V) L REIR RS A I8 T 4 00 & R R
MR EZ ARAF T T2 N . AR Z A 2 AR 22 1 95
TR RS AR AEAR L JE AR 422 T BE ) A R G BB L DL &
JREE CIR AR (B 1) 565 4 WD A5 (a8, i IR 5 9
LA (200~500 A, 25~35 V) WD 5 & v I KL A8
22 AL A S TR . (e iR T
PR ARRT AL 25 A GE TP AR BT AR R HLRIE R

(15 3.4 WD S FLBUR, TR FHZMR. 7%
PR TR S A R 2 F TR T 200~500 A B 58 L X T
B2 1.0~1.6 mm o5 HL— 5 AR 22 Bl L O
HER i R R A, T A AR L R
FL I8 S Ak B R i = il o HE R 3 U 1 R M LA
WUAE L R, 2 R SOk B 48 L Al CO, R ITR
PAAREIST o I 422 R 0 38 A, VBE A A A R A B, LA
SR A,

®2 4CO, RPSMEGMAWHIZRE
Table 2 Process quality in GMAW with pure CO, shielding gas
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Table 3 Analysis of formation conditions of droplet spray transfer in GMAW with two shielding gases
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Fig. 2 Schematic diagram of mechanism of droplet

spray transfer in GMAW
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Table 4 Process parameters used in GMAW completed with two kinds of welding wires
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Table 5 Chemical composition of welding wire %
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Fig. 4 Arc appearance of GMAW of difference welding polarity and welding wire
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Table 6 Test results of arc behavior and process quality in GMAW with pure CO, shielding
gas with two kinds of welding wires
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Table 7 Comparison of arc shape in GMAW with different shielding gas for two kinds of welding wires
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Fig. 6 Arc appearance of GMAW with difference shielding gas compositions with YGW11 KC-500 and DCEN polarity
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Fig. 7 Relationship between spatter generation and amount

of REM in welding wire
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Table 8 Effect of welding wire and polarity
combination on arc stability
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Table 9 Chemical composition of welding

wire (mass fraction) %
Jo¥A C Si Mn P S Ti REM Ca

WO 0.048 0.70 1.65 0.010 0.010 0.19 — 0.000 4
W5 0.032 0.71 1.72 0.012 0.009 0.18 0.033 0.000 2
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Table 10 Welding conditions
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Fig. 8 Schematic illustration of the relationship of the plasma characteristic and metal
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droplet behavior in GMAW with pure CO, shielding gas
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Table 11 Mechanism of rare earth metals changing droplet transfer mode
, o ML 45 B T4k . W F ., Ly
e R ;ig% B 2 T AU A S L 3 A [ R o W
- A WIBCBE S RN, MR A LB F, W -
3 , d em . il 14 S
?j{;;i : hl . [ AR TR Rk ST o
PN I o A PR SEAUN, R ER TG RE F, WA e
B T T W Him s M A REAIALE ygE AEEE
: HETHIR g AUEE TR R PR 8
FREE CO, R T PRI A R SR R o MEL e g e g e it
. DCEP %%%’?W?ﬂﬁi ﬂﬁﬂ}%rﬁ?ﬂ—:%gm ’Eﬁuﬁ%g}ﬁ%iﬁ %mﬁfﬁlﬁﬂ ],fzﬂ FW%’?{R Jiﬁ(lﬁl 8(c))
g](ﬂijﬂo: > 4 1 i AT TR R o S
SR R CO,FRTRA B m Ry (o SRR P W s me i
DCEN k% pFiham ORI LI AN SR A g 8(d))
‘ ~F s TR WIS E TR R —

YERAEIE T b, B T8 L &Emm
30 HE T A A BRE o5 T BT R L RGP R A TR
MRk, Bz VR ARG B il kR T AR
Br VST R K ) F, AR ) FL 2T
HERRE N Z A AR g ) F o, R TR
Fo Bt ET) F, H2BIEHE S F, 3 0050 o
FR B Bl 7, T R T EL T A R O R B A
AR T A SO R 0 )
BRIC T VR FAAE RS I 100 5 00 5 B R T i v
B T7 0] o 975 10 Bk A A 5 B 2 P AL R, b SR 2t R
TG EAR /N TR 2 B R AR s W T SR
Mg B 2oF VR T P A7 A AR LR AR R
5 At e BB CO, i A
K GMAW £ 37 Al w5 & By pL F
SCHRLOJFF R T —Fp g #R Z R “J-STAR® weld-
ing” ML RE 7 1%, “J-STAR® welding” J& 7E 4l CO,
SRS GMAW il &G L on Z R, L
L IE B AT 1 H AT BE AR AR 22 it I 1 R O

IRFIE B KR4 D70 . YRR R T 250 A I SE 8
R R A SR P A MR RN T 200 A I
JO7 FFY R S P 0 T 45 16 BT EL U L S BT 0 e G o
P HRIR R BIML S CO, M 10X AT,

K9 2% LA R 5 k™ 4 i ¢
N, ARG KT 250 A B 44T Sk
ST A, CIRAR /N C R b 3l 56 2508 )
SR /N T 200 A B, LU 09 % 45 41 K i o 2>
TRUE BT R (T =200 A BF, KA R 2R
0.5 g/min).

K10 2% T2 Rk A a5 ROk BOR. B 42 43
i TR L AR LME S CO, SRR I 1
(160 A,18 V.60 cm/min, EL%i R 4) €Kk 100%,
Horr, ROk (B A2 >>0. 85 mm) 245 38%, 145 Wi
BCE AR 0.5~0. 85 mm) & 5 18%, 41 kL (<C0. 5
mm) Z) 5 44%. FH M LU R R J-STAR®K
B (260 A.27 V.155 cm/min., JC I 40 Kk
M s CO, MR IR 4906, o, KIWORL
2905 BRIE Y 50 %0, 40 ORI 29 5 BRIk Y 47 %0, %



fili J-STAR® welding 75 ¥ 1 — > 8 98 B 7 [ N

&3 PR R X A CO, R UIR GMAW K 1 8 T2 25 10 5 1) 441
A £ OC R VPOR IR 22 J-STAR®AR £ /9 (125
T A7 V.60 em/min, PP 2D &€ 29 0 17 4t
100%CO,
o O, TR R B 1070 A F]

_ J-STAR® welding M0 B AR 2/ v 3 0 119 352
AR I 4 1 Pk X T W, A RS R 1 S S 9 O A
2| melom it A SE BN & A W T R AR L TR TR . S A
i fh=an0 o U 22 A BT ] 4 1 2 f TR R Y DA

&

Fig. 9 Relationship between welding current and spatter generation
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