Supporting information

To further compare the effect of laser power on liquid column and spatter in ultra-high power laser-arc hybrid welding (UHLAHW) process, the highest liquid column and largest spatter morphology were exhibited in Fig. S1. The height of liquid column was not obvious at 9 kW low power fiber laser, because the generated metal vapor/plasma was not enough to drive the molten metal upward (as shown in Fig. S1). There was a raised molten metal around the keyhole when the laser power reached 18 kW, and the height of liquid column was 4.78 mm. Moreover, the liquid column was inclined to the wire along the welding direction and finally reached 9.15 mm at 27 kW. Because a strong metal vapor/plasma was generated under and a relatively large shear force was formed under this condition. The spatter cross-sectional area gradually increased as the liquid column rose, because the liquid column was the main reason for the spatter formation.
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Fig. S1. Characteristics of liquid column and spatter under UHLAHW with different laser power  (parameters: I=163 A, v=1.2 m/min, Δf =-2mm, DLA=3 mm).
