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Weld Appearance of CO, Laser-Gas Metal Arc Hybrid Welding for
Ultra-Low Carbon Bainitic Steel

Lei Zhenglong Chen Yanbin Song Guoxiang Wang Qun
( State Key Laboratory of Advanced Welding Production Technology, Harbin Institute of Technology,
Harbin, Heilongjiang 150001, China)

Abstract Ultra-low carbon bainitic (ULCB) steel plates with 12 mm thickness were welded by using CQ, laser-gas
metal arc (GMA) paraxial hybrid process and multipass technique. The experimental results indicated that the good
weld can be obtained by controlling the change of heat input on each pass when adopting three passes welding. In
hybrid welding process, the focal point position is very important for the first filling pass and should be in the scale of
the rootface. For the other filling passes the focal point position could be changed in a large scale. At the same time,
in order to increase the utilization of laser energy, the higher wire feeding rate was used. Furthermore, the
mechanical property tests showed that the tensile strength of weld in laser-GMA hybrid welding was over 95% as
much as that of the base metal, and even to exceed partially the tensile strength of base metal. The tensile strength
of the joint is 829.5 MPa when the specimens were failed in base metal. When the specimens were failed in welds,
the defects led the specimens to fracture mainly.
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Table 1 Chemical composition of ultra-low carbon bainitic steel (mass fraction, %)

C Mn Ni Mo Nb Si S P Cu B
0.038 1.70 0. 381 0.237 0. 060 0. 347 0. 006 0.025 0.364 0.002
2 WMI60S By A RESE, 1D
Table 2 Chemical composition of the wire WM960S (mass fraction, %)
C Mn Ni Mo Si S P Ti
0.028 1.48 2.36 0. 239 0.493 0. 0090 0. 0094 0.118
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Table 3 Welding parameters used in hybrid welding experiments

Laser power Arc current

/W /A

Welding parameters

Arc voltage

/V laser and arc /mm

Welding speed
/(m/min)

Distance between

2000~2800 150~260

24~35 3.0 1.0

12 mm
.
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Fig. 2 Groove geometry of weld in welding experiments
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Fig. 3 Cross-section of the first filling pass weld by laser-
GMA hybrid welding in different defocusing
distance of laser beam (laser power P= 2500 W,
arc current I = 180 A). Defocusing distance
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BOEIRE & B xR E T2 0 WA XN,

B4 B THERMSBHERKEL T, X FITRZE
BEIFW 4 51k 6 mm A1 7 mm RYIRLER AR FIEBOEIR
BEBEABBEERENEERY . TUER,. A
@ (b)

= 1 9.50 mm
8.50 mm

6 mm

H4 BERBMNERRRERBHERMCE 25 8L

F P=2700 W, IR [=210 A, £ 2 ER
BEEABN(2—6.5 mm;(b) —2 mm

Fig.4 Effect of the defocusing distance on cross-section

of the other filling pass weld (the second pass:

laser power P=2700 W, arc current =210 A).
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Fig.5 Effect of the wire feeding rate on cross-section of
the other filling pass weld (laser power P =
2500 W, arc current I=180 A). (a) Four passes
welding of welding speed vy, =5. 3 m/min; (b)
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Fig. 6 Effect of the heat input and welding passes on
cross-section. (a) Two passes welding; (b) three
passes welding; (¢) four passes welding; (d) five
passes welding
3.2 BEBKIKENELERE
3.2.1 RENH
kA HVS-5 Bl 4k [CRE BE T % 8 AR Bk I IR A4 4K
BEBRBEHARBCNEEXTNE, KUEMLE
BHA P AT R85k A R B AL i 8 BE AR ALt

BB 7 Fin. TUEH  ARBESRTHREX
B EE G, B X WEE SR,
BEAR TR s S X E K R ERENEFER A
BERXE, SEHHEE —ENAR: RTL2IEX
REEE S S BHE LA K. BE. . /BN
X BER B B8 B — R AE 270~330 HV Z Kz, 5
TR G, $G e X B T /N I JBE Y SR AL R 4L 3R
2, REJRFMEMEERRT ~EBEREI,
B F# o X  98 BE BN, B RA NEE . B
I, LR A TR FE B AL T R R R TE R SR AL TR,
P XE A REL M EF T,

3301

[\ w

© =

(= (=
I —

Hardness /HV
(W]
J
=]
—

260+

Position

B 7 7R A B B AR B DB B A TR

Fig. 7 Hardness distribution of weld in

different heat input
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Table 4 Tensile results of laser-GMA hybrid welding ultra-low carbon bainitic steel with 12 mm thickness MPa

No. Base metal . Wel.d .
Fracture in base metal Fracture in weld Fracture in weld
1 831.2 828. 2 826.0 766. 2
2 823.6 833.2 822.8 798.5
3 827.9 826.9 820.7 801.9
Average 827.6 829.5 823.2 788.9
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Fig. 8 Schematic of the tensile specimens
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Fig. 9 Location of weld fracture
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Fig. 10 Macrograph of the rupture specimen
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Fig. 11 SEM microstructure of different regions in
fracture surface (a) dimple region; (b) dimple

and defect region
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