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Effects of Process Parameters on Droplet Transfer and Bead
Shape in CO,-MAG Hybrid Welding

Liu Shuangyu Zhang Hong Shi Yan Liu Fengde Liu Jia Xu Chunying
(College of Mechanical and Electric Engineering, Changchun University of Science and Technology

Changchun , Jilin 130022, China)

Abstract A CO, laser-metal active gas welding (MAG) hybrid welding technology is used to weld the high strength
steel of 7.0 mm thick. The effect of the arc energy. laser energy and distance between laser and MAG arc on the
droplet transfer character, process stable and weld geometry are investigated. Results indicate that inputting of laser
decreases the resistance of plasma channels of locate laser keyhole. In this way, arc is attracted and constricted,
which stabilizes the arc cathode spots. The arc energy determines the mode of droplet transfer, and the laser energy
affects the frequency of droplet transfer. When the laser energy is less than 4 kW, the transfer mode is short circuit
transfer, or globular transfer or transfer mode between short circuit and globular. When laser energy exceeds
4.68 kW, the transfer mode is spray transfer. The droplet transfer mode is very important for achieving a stable and
repeatable process: projected/spray transfer should be preferred to short/globular transfer. Distance between laser
and arc sources must be at a 2~4 mm in order to avoid turbulence in the weld pool and disturbance of the keyhole
formation and to achieve synergy between the processes.
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Fig. 1 Setup of CO; laser-MAG hybrid welding
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Table 1 Welding parameters

Welding parameters Values
Welding speed v /(m/min) 1.2
Angle of welding torch 4 /(°) 60
Defocusing amount Af /mm 0
Extension length L /mm 12
Wire diameter ¢ /mm 1.2
Laser powder P /kW 1.5~4.0
MAG current I /A 140~220
MAG voltage U /V 24~28
Laser-arc distance D;,/mm 0~6
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Fig. 3 Cross-section morphology of different welding methods. (a) laser welding, (b) MAG welding. (¢) hybrid welding
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Fig. 4 Plasma shape of different welding methods. (a) laser welding, (b) MAG welding. (¢) hybrid welding

FE LM MAG S 3% 72 s iy 0 it 3% i B
DX A IR BB A2 B HAR 12 B ORE B9 U R R (Y
3000 KO iy Bl - JHG R 3L JBE W 5 T B0 SR AT R
B AUELEE (4000 KO TiAE CO, BOB IR e R o
HI T OGS B 7 R B R TE 190~ 400 nm ., AR 45 2

B R

Amax I = 2897.77 (pm « K), (D
T Ao A S IO WEEAEL A, T Oy SRR 9 268 X R %
THE O RE AL HP TR Hh R 10 25 8 1 P PR iRt JBE T 3k
7244~15251 K, 7£ CO,#06- MAG B & /8147
s TR AL SR ZU I WCROE RE B O LY R I e T S
P VR SPURE MARE AL Hh AN W s L e T 25 T R SR



12 4] X XF 45

CO. #OL-MAG LRI & 045 T 202 B0k A i 3o 0 5 ik A0 AR 4 T 35 1) 52 i 3175

(R AE B2 T F S B A AR e 85 32 DX 38l f IR 2
AT . FoF. Chen 45 H T %5 8 7 1k Bl K
AEY
_ we'm, "’

T (4mey ) (kT HY
X e HHEF R m HHEF R« HBIRESH
BTN IR e A E B In A NIRRT
Wt (2) AT LU O MAG B R 55 5 F 1k
@ﬁ%ﬁﬂ%ﬁ@ tt{ﬁjﬂzﬂmbnd/ﬁmm:Tc MAG/Tc hybrid —
(4000/7244)%* = 0. 41, 8 45 5 UL 0 3O%6 i A
Jei o BEAR T WO R L B ST 19 25 25— 438 18 i) H BEL L A
G0 T rIGE S X B AR B S R, [RIEE DR AL
W% SR R 1 S g AP L I N A A R A
B AT 728 1 R BRI A F 19 & 33 =
YA T H SRR AR e el v oI B AR 30 A5 B IS A [
FEAE M H I 1) e FL . I 4 (o) m] DAE WO 6
FOAF B RTINS B TR Z AR — > Sl
T, 38 I T H A R R B R OB B B
FARAL . HF i v TE B A, T DA oIk T 4 )
LB s H B BRI/ ) | e 2 5 B0 oIl o 20 5|

I A (2)

I=180A U=26V
P=1.5kW

I=180A U=26V
P=3.0 kW

I=180 A U=26V
P=2.0 kW

I=180 A U=26V
P=3.5 kW

3.2 HOLIhERMBINI)ENE S EEEH T B

HE F0 R 48 72 57 B9 22 T

5 OMHLIRH Y 180 A HL D 26 V If . A
[FIEOE Y 2T B o e 0. B a] U H Bl
B VOET B IG5 R 2 ek S U I A
7 SRy UK 3k U L I LI T A R ST R K TR T
HEL L WK 5 fH iR, XEH .S
5 /N s B T OG5 R AH BLAE T BB B0
B PR E E An VR A B A TE R
SCFR I EAR  A U  O6 Tl ARk B R — i FUE
I SO RE AL IE . I B TR 5 109 T BRT K R O
o T O SE B RO F B W | L RO R AL
PR A ) R o 4 s 28 ARV I T 1 1) R e ). 8K
JETE OGRS 0F i EIER . BEE OB
AR 3G s BOGRE AL 2R 0 55 88 1A T i W 51 )
42 A 78 SONT MR IR 110 b 4 g 1 DA T S A R 1Y
AR A IR S 0 T A I ) 1S B AR
R A ORI U8 o DT ARG T o 9 A 38

I1=180 A U=26V
P=2.5kW

A L4

I=180 A U=26V
P=4.0 kW

wavy lines

§

P 5 O T 2 X e i ok I 19 2 T

Fig. 5 Effects of the laser power on transfer mode of droplet
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Fig. 6 Surface and cross-section morphology of weld bead at different laser powers
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Fig. 7 Droplet transfer mode of different arc currents
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Fig. 8 Surface and cross-section morphology of weld bead at different arc powers
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Fig. 13 Cross-section and surface morphology at different Dy, values
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