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Table 1 Welding conditions of laser-arc hybrid welding 

 
 
 
 
 
 
 
3.2 Analysis of hybrid welding phenomena 
 Time variations of the arc voltage were recorded to in-
vestigate arc welding phenomena during hybrid welding. 
3.3 Evaluation of welded joint performance 
 The external appearance of the welded joints was visu-
ally inspected and evaluated for the presence of welding 
defects such as blowholes and pits. Further, macrosections 
were prepared and examined for the formation of the weld 
beads and existence of blowholes. The strength of the 
welded joints was determined by tension shear tests. 
 
4. Experimental results 
4.1 Welding phenomena 
 Fig.2 shows the time variation of arc voltage between 
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 Photo 1 compares a macrosection of a hybrid weld bead 
with those of laser and arc weld beads. The penetration 
geometry of the hybrid weld bead is a combination of that 
of the laser and arc weld beads. Near the surface, the arc 
heat melts the base metal, and the weld bead forms a bulge 
because weld metal is supplied from the wire. The pene-
tration depth in hybrid welding is approximately equal to 
that in laser welding. This indicates that laser welding de-
termines the penetration depth, and that, even when the 
heat input is increased by combining arc welding with la-
ser welding, the arc heat merely melts the surface of the 
base metal and does not deepen the penetration. However, 
the fact that the hybrid weld bead contains a larger amount 
of weld metal than the laser weld bead is advantageous in 
terms of the gap tolerance and bead width in lap welding. 
 
 
 
 
 
 
 
 
Photo 1 Cross sections of hybrid, laser and arc weld beads 

 
4.2
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4.2.2 Increase in bead width in lap welding 
 Hybrid welding also provides a better bead width than 
laser welding because of the filler wire. Lap-welded joints 
were fabricated by laser welding and hybrid welding, and 
changes in the bead width were measured as a function of 
the gap between sheets. The results are shown in Fig.7. 
With a zero gap, the bead width from hybrid welding is 
approximately equal to or slightly larger than that from la-
ser welding. As the gap width increases, the bead width 
increases in hybrid welding, while the bead width is al-
most unchanged in laser welding. This is because, when a 
gap is present in hybrid welding, the molten weld pool 
formed by laser welding is supplemented with the addi-
tional molten metal formed by arc welding, which fills the 
gap. In contrast, a sufficient amount of molten metal is not 
supplied in laser welding, and this effect is not expected. 
 
 
 
 
 
 
 
 
 
 
 

Fig.7 Bead width of laser- and hybrid-lap welding 

 
4.3 Strength of lap-welded joint 
 The tensile shear strength of hybrid-welded joints was 
investigated. The shape of the specimen is shown in Fig.8. 
 
 
 
 
 
 
 
 
 
 
 Table 2 gives the tensile shear strength, bead width, and 
weld metal hardness of lap-welded joints fabricated from 
1.2 mm thick steel sheets with various strengths. The re-
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