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Abstract: Formation instabilities, including backside humping, collapse and porosity, often occur during laser-arc hybrid
welding of 4 mm thick FB780 ferrite-bainite dual-phase steel. In this study, a fiber laser-arc hybrid welding process was
used to investigate the effects of heat-source leading mode, laser power, welding current and welding speed on weld forma-
tion, with high-speed imaging used to analyze arc morphology, droplet transfer and backside formation. The results show
that the arc-leading mode produces more stable front and backside weld formation than the laser-leading mode by preheating
the base metal, improving laser absorption and stabilizing arc-keyhole coupling. Under arc-leading conditions, a laser power
of 5.0 kW, welding current of 120 A and welding speed of 1.8 m/min provide the best balance among heat input, keyhole sta-
bility and solidification. Increasing laser power from 4.0 kW to 5.0 kW eliminates backside humping by changing the key-
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hole from critical to stable penetration, whereas excessive power causes root sagging and collapse. Backside humping is

mainly caused by periodic switching between partial and full penetration, which breaks the force balance of the root liquid

bridge. Compared with solid wire, flux-cored wire shows a wider process window and better backside formation stability.

The findings reveal the intrinsic link between sustained keyhole penetration and humping suppression, offering a practical

basis for process window design in hybrid welding of FB780 high-strength steel.
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Table 1 Main chemical composition of FB780 dual-phase steel (wt. %)

ket C Si Mn Nb Al Ti
FB780  0.04 0.8 15 0.045 0.04 0.14
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Tab. 2 Main chemical composition of the deposited metal of ER50-6
and E81T1-K2C welding wires (wt. %)

MR C Mn Si Ni Cr Mo
ER50-6 0.14 1.64 0.41 0.13 0.07 0.05
ESITI-K2C  0.13 1.22 0.52 1.47 0.12 0.21
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Table 3 Process parameters and their ranges for laser-arc hybrid

welding
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Fig.2 Arc morphologies under different leading modes: (a)-(c) arc-leading laser, (d)-(f) laser-leading arc
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Fig.3 Macro-morphologies and weld formation of the hybrid welded joints under different laser powers
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Fig. 5 Macro-morphologies and weld formation of the hybrid welded joints under different welding currents
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Fig. 6 Effect of welding current on reinforcement and weld width
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Fig.7 Metal transfer sequences of hybrid welding under different welding currents
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Fig. 8 Macro-morphologies and weld formation of the hybrid welded joints under different welding speeds
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Fig. 10 Morphologies of humping bead: (a) surface morphology, (b) cross-sectional morphology

11
Fig. 11  (a)Weld backside morphology at different laser powers; (b)backside humping pitch
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Fig. 14 Back formation process of the weld without humping defect
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Table 4 Applicable parameters of solid wire at different welding

speeds
JEPEH I/ (m - min ") WOt AW FLII/A
1.2 4.0 120
1.8 5.0 120
2.7 7.5 160
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Table 5 Applicable parameters of flux-cored wire at different welding

speeds
JE4%H/ (m - min™) HWOLIZ AW HLT/A
1.2 4.0 120
1.8 5.0 160
2.7 7.5 200
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Fig. 15 Droplet transfer sequences of laser-arc hybrid welding with flux-cored wire at different welding currents
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