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Abstract Compared with laser welding, laser—arc hybrid welding has a lot of advantages. One of these advantages
is to improve the weld metal microstructure and mechanical properties by feeding welding materials. In this case,
it is essential to achieve the homogeneous distribution of alloying elements. In deep and narrow hybrid welds,
however, it is very difficult to attain the homogeneous distribution. The effect of welding parameters on the
distribution of wire feeding elements is investigated during CO, laser and gas metal arc (GMA) hybrid welding
process, and the influence of fluid flow behaviour on the homogeneity of weld metal is also discussed. The results
indicate that the homogeneity of weld metal is improved when decreasing the welding speed or increasing the gap
width. When the welding direction is leading laser, the molten metal flows from the rear end to the keyhole on the
pool surface and then goes down just behind the keyhole during hybrid welding, namely inward flow, resulting in
almost homogeneous distribution of alloying elements. The distribution of alloying elements is more homogeneous
in leading laser compared with leading arc, since both of the drag force of the plasma jet and momentum of droplet
direct to the keyhole, promoting the inward flow in leading laser.
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Table I Chemical compositions of base metal and filler wires (mass fraction /%)

C Mn Si P S Ni Cr Ti Fe
Base metal 0.1 1.33 0.30 0.015 0.011 Balance
Filler wire 1 0.08 0.71 1.21 0.001 0.007 Balance
Filler wire 2 0.062 2.15 0.10 0.010 0.003 71.60 15.89 2.86 7.31

2 R LZSH
Table 2 Welding conditions

Power 7.5,8, 12 kW
Laser Defocused distance 0 mm
Focal length 500 mm
Laser shielding gas He, 50 L/min
Pulse arc frequency 200 Hz
Peak arc voltage 41V
Peak arc current 470~480 A
GMA Base arc voltage 36V
Base arc current 90-100 A
Peak time 2.5 ms
Arc shielding gas He-38%Ar-2%0,, 20 L/min
Welding speed 0.7, 1.0, 2.0 m/min
Welding direction Leading laser, leading arc
Hybrid welding Distance between laser and arc 5 mm
Joint type Bead on plate (BOP)

I-butt, gap 0, 0.5, 1.0 mm
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Fig.3 Ni concentration profiles in longitudinal section of hybrid welds for various welding speed (leading laser, BOP)
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Fig.4 Weld geometry of hybrid welds for various welding speed (leading laser, BOP)
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Fig.5 Ni concentration profiles in longitudinal section of hybrid welds for various welding directions (laser power 8 kW,

welding speed 1.0 m/min)
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Fig.9 Fluid flow visualized by Pt put on top surface in different welding directions
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