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Development of Laser-Rotating Arc Hybrid Welding Process
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Abstract

Laser-rotating arc hybrid welding was introduced by combining CO, laser and rotating gas metal arc
welding. While the arc rotation enhances the weld pool motion, it reduces the undercut formation which is
one of most critical weld defects in the conventional laser-arc hybrid welding. This research investigated
the bead characteristics according to the welding parameters such as frequency of rotation, welding voltage,
shielding gas composition and interspacing distance between laser and arc. The welding parameters were
selected to reduce spatter generation and ensure sound weld beads for bead welding and butt welding with
various joint gaps. Gap bridging ability was improved, such that the sound weld beads were achieved for
butt joint with up to 2mm joint gap, with no adjustment of CTWD(Contact tip-to-workpiece distance) and
electrode diameter.
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Fig. 1 Schematic diaéram of laser-rotating arc
hybrid welding process
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Fig. 2 Photo of laser-rotating arc hybrid welding
head

Table 1 Welding conditions used in experiments

Electrode 1.2mm solid wire
Laser Power 8 kW
Shielding Gas Heb0%+Ar38%+COs 12%

Gas Flow Rate 50 I /min
Wire Feed Rate 9.9 m/min
Welding Voltage 25V
Travel Speed 1.5 m/min
Torch Angle 31 deg.
Interspacing Distance 6 mm
CTWD 20 mm
Rotation Diameter 3 mm
Rotation Frequency 8 Hz
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Fig. 3 Cross—sectional bead shapes for various
rotation frequencies

2 sz A YARE AN ol A7l
(self-regulation) @7do] & dojy} ol=zdolr} <A
S §ASEE A%e AN wAs solols} 7
e AT Wt BABo] ZoET Wiz NA%
A e A% Hhes A% o] ZAFAT A
Aol7h 288 doux) Raln werBAge] Hold
~ojEle] Walo] ZAaY. oo] b Fig. 49 2ol
10Hzo14e] 1402 of=rh AAsHe A4S Bde) o
Ao 87 Fued] uE 2ag,

24 Aol me WE VAL W7l Fig, 5 U
BT olErt HAeke AT SAALe] 27V
oA HES Aol el drFo] Baw.

Fig. 6& H37}2 242 HaA7Ha A 43
# Asoltt. olxol @ BazulE oAal 9t
of Heel M€ 50%2 TAew COsE 4~20%7H
Ws7 A4S BE ZAd AgAc) AAHAY 7
28T, AL olart HAASA BL FoluelE 84
Aol 8% olsE 00,8 A1ed A% Rexo] BEe
o e Aizol BAR A0 3 ¥lmale] o}
Aol HEHS PNA SNBRE ANZY] HEe

350

1A
1N\

\I

650

Area of excess weld metal (mm?)

600 \ . . L . . . )
0 5 10 15 20 25 30 35 40 45
Arc rotation frequency (Hz)

Fig. 4 Area of excess weld metal according to the
rotation frequency
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Fig. 5 Cross-sectional bead shapes for various weld voltages

(a) 4% CO» +46% Ar| (b) 8% CO:1+42% Ar |(c) 12% COz +38% Ar|(d) 16% CO:+34% Ar|(e) 20% CO2+30% Ar

Fig. 6 Cross-sectional bead shapes for various shielding gas compositions (50% helium)
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Fig. 7 Cross—sectional bead shapes for various interspacing between laser and center of arc

(a) Gap-lmm, WFS-
16.2m/min, Welding
voltage-29.3V

(b) Gap-1.5mm, WFS-
18.4m/min, Welding
voltage-30.5V

(¢) Gap-2mm, WFS-
22m/min, Welding
voltage-31.1V

Fig. 8 Cross—sectional bead shapes for butt welding with various joint gaps
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