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Welding Seam Forming Mechanism of High-Strength Steel
Laser-Metal Inert Gas Hybrid Welding with Butt Gap
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Abstract In this study, 3-mm thick low-alloy high-strength steels with different butt gaps were welded by optical
fiber laser-metal inert gas (MIG) protection hybrid welding. The forming processes of weld seams with different
butt gaps at a constant welding speed were studied and the formed shapes were compared with the morphology of
laser-MIG hybrid welding with the same process parameters under zero gap conditions. The results demonstrate that
the upper and lower widths of the weld seam and its heat-affected zone are basically same under butt gaps (U-
shaped), while the weld-seam width and its heat-affected zone are up-wide and down-narrow under zero-gap (Y-
shaped) conditions. The formation mechanism of weld seams is as follows: when laser-MIG hybrid welding is
conducted with a butt gap, three different arc plasma shapes exist, i.e. bifurcated arc shapes formed by arc striking/arcing
with either side of the test plate and the cross arc shapes formed by arc striking/arcing with both test plates at the same
time. The three forms of arc shapes change continuously to form a swing arc pattern. The effect of the swing arc plasma is
to preheat and melt the side wall of the workpieces. The laser heat source operates on the molten pool to increase the
penetration, stabilize the arc, and eliminate incomplete fusion of the side wall caused by the arc heat source. The arc heat
source with a butt gap has a large effective range, and the base metal is heated more evenly. The microstructures of the
butt gap welds are more homogeneous than that of the zero-gap welding seams.
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Fig. 1 Schematics of laser-MIG hybrid welding setup

with butt gap and heat source
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Table 1 Chemical compositions of high-strength steel and JM-56 wire
' Mass fraction /%
Material
C Si Mn Ni Ti Nb Cu Fe
HR420LA <0.1 <0.5 <1.6 <0.15 <20.009 Bal.
JM-56 0.06-0.15  0.8-1.15  1.40-1.85 <20.15 <0.5 Bal.

2 ANFEXHEZR R T HOE-MIG B4 BN LS8
Table 2 Welding parameters of laser-MIG hybrid welding with different butt gaps

Parameter

A¢ mm and Ao s mm

n <
Bo mm and Bio mm Comm and Ci 5 mm

Laser power /W

Welding speed /(me*min ')

Wire feeding velocity /(memin ')
Voltage /V
Defocus amount /mm
Shielding gas flow rate /(L*min ')
Distance of laser and wire /mm
Angle of welding torch /(°)

Welding wire extension /mm

2000 4000 4900
2 2 2
4.5 10 16
16 16 24
0 0 0
15 15 15
2.5 1.5 2.5
55 35 25
15 20 25
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Table 3 Morphologies of laser-MIG hybrid welding seams

with different butt gaps

Code Upper surface Lower surface Section
morphology morphology morphology
AOmm 4
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Fig. 2 Arc shape high speed photographs of laser-MIG arc hybrid welding with different butt gaps
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Fig. 3 Three cross-section shape diagrams of laser-MIG hybrid welding arc plasma.

(a)(c) Arc striking/arcing with either side of test plate; (b) arc striking/arcing with both test plates at the same time
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Fig. 4 Diagram of forming mechanism of laser-MIG
hybrid welding with butt gap
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Fig. 5 Microhardness and microstructure sampling position diagrams of upper and lower welds
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Fig. 6 Midline microhardness and microstructures of weld upper and lower parts of

A wm and Ao s mm welds. (a) Microhardness; (b)-(e) microstructures
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Fig. 7 Midline microhardness and microstructures of weld upper and lower parts of

By mm and B, o mm welds. (a) Microhardness; (b)-(e) microstructures
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Co mm and C; 5 mm welds. (a) Microhardness; (b)-(e) microstructures
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