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Position welding for internal welded specimen using laser-GMA hybrid welding

Young-Nam Ahn*, Cheolhee Kim*-¥ and Jeonghan Kim*

*Welding & Joining Research Group, KITECH, Incheon 406-840, Korea

tCorresponding author : chkim@kitech.re kr

(Received December 2, 2014 ; Accepted February 24, 2015)

Abstract

Laser-arc hybrid welding has been considered as an effective pipe girth welding process since early 2000's.
Tolerance for fit-up offsets such as gap and edge misalignment is one of most important requirements in
pipe girth laser-arc hybrid welding, and several approaches using parameter optimization, a laser beam scanning
and an arc oscillation have been tried. However the required offset tolerance has not been fully accomplished
up to now and laser-arc hybrid welding has not been widely applied in pipeline construction than expected,
despite of its high welding speed and deep penetration. In this study, internal welding was adopted to ensure
the offset tolerance and sound back bead. The effect of welding parameters on bead shape was investigated
at the flat position. Also tolerances for gap and edge misalignment were verified as 0.5 mm and 2.0 mm,
respectively. The position welding trials were conducted at several welding positions from the flat to the overhead
position in a downward direction. With the fixed welding speed, arc current for gas metal arc welding current
and laser output power, adequate welding voltages for gas metal arc welding were suggested for each position.
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Table 1 Chemical composition of base metal used (wt. %)

C Si Mn P S Fe
0.1552 | 0.232 0.706 0.095 0.049 Bal.
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Fig. 1 Joint preparation

Welding direction

(a) hybrid welding head (b) position welding jig

Fig. 2 Laser-arc hybrid welding system for position
welding
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Fig. 3 Welding positions in the experiments

Table 2 Welding conditions used for hybrid welding

Laser power (kW) 4.0

focal position (mm) -2.0 ~ 0.0

Laser-Arc interspacing distance (mm) | 1.0 ~ 5.0

Arc current for GMA welding (A) 230, 250, 270

Welding voltage for GMA welding (V) | 22.2~32.3

Welding speed (m/min) 1.0, 1.5

Wire feed rate (m/min) 12.4, 139, 15.7
CTWD (mm) 15

Shielding gas flow rate (I/min) 20 (Ar-CO; 50%)

AFsaYt. €445 E 1.0 m/min® 1.5 m/mln
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]
250 A, 273 V

270 A, 258 V | 270 A, 29.0 V | 270 A, 323 V
(a) Welding speed: 1.0 m/min

250 A, 273 V

270 A, 258 V | 270 A, 29.0 V | 270 A, 323 V

(b) Welding speed: 1.5 m/min
Fig. 4 Bead cross-sections for various arc welding pa-
rameters

3.0 ms 3.5 ms 4.0 ms

Fig. 5 High-speed images for hybrid welding
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230 A, 249V | 250 A, 273 V | 270 A, 29.0 V
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(a) Welding speed: 1.0 m/min

(a) Welding speed: 1.0 m/min
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230 A, 249V | 250 A, 273V | 270 A, 290 V

(b) Welding speed: 1.5 m/min

Fig. 6 Cross-sections for hybrid welds with a joint gap of

0.5 mm
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(b) Welding speed: 1.5 m/min

Fig. 7 Cross-sections for hybrid welds with an edge mis-
alignment of 2.0 mm
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Fig. 8 Bead cross-sections for various laser focal posi-
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Fig. 9 Penetration depth of the hybrid welds according to
focal position
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Fig. 10 Bead cross-sections for various laser-arc inter-
spacing (L-A) distances
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Fig. 11 Bead cross-sections for various welding voltages
and positions
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