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Abstract We investigated the effect of dual-beam energy ratio on the microstructure and properties of Q355ND steel laser-metal
active gas (MAG) hybrid welding joint. Here, the Q355ND steel was welded using high-power dual-beam laser-MAG hybrid
welding. Subsequently, we analyzed the effect of laser energy density distribution on weld cross section forming, weld penetration
depth, and weld width by adjusting the energy ratio of dual-beam and obtained the well-formed butt joint of 27 mm thick plate Y-
type single side welding. Furthermore, we analyzed the microstructure and distribution of the main elements of the welding seam,
weld zone, and heat-affected zone, and measured the microhardness of the welded joint. Results show that the weld penetration
depth first decreases and then increases with increasing laser energy ratio. Additionally, the change in the energy ratio has
insignificant effect on the weld width, and the deepest weld penetration depth is obtained when the laser energy ratio is 0. 75.
Moreover, the microstructure of the butt joint welded with the optimum energy ratio is mainly ferrite and bainite, and the elements
are evenly distributed near the fusion line of the welded joint without element migration. The hardness peak near the heat-affected
zone of the fusion line and that of the weld zone was considerably higher than that of the base metal. The hardness of the heat-
affected zone decreased with the increasing distance from the weld center.
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Fig. 1 Microstructure of base metal

# 1 Q355ND Al ER50-6 B K7 22 (1 fb 2% i 43
Table 1 Chemical composition of Q355ND steel and ER50-6 welding wires

Mass fraction /%

Material

C Si Mn P S Ni Cr Cu Fe
Q355ND 0.161 0.232 1.480 0.014 0.001 0.006 0.016 0.009 Bal.
ER50-6 0.080 0. 860 1.420 0.012 0.011 0.017 0.028 0.125 Bal.
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Fig. 2 Schematic diagram of dual-beam laser-MAG hybrid welding
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Table 2 Parameters of dual-beam laser-MAG hybrid welding

Laser Arc Welding Welding speed /  Flow rate of shielding  Heat sources Defocus Welding
power /kW current /A voltage /V (m-min~") gas /(L-min™") distance /mm amount /mm  process
12 325 26.5 0.7 20 3 +5 Surfacing
23 325 26.5 0.7 20 3 —2 Butt welding
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weld cross section
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Fig. 6 Relationship between equilibrium phase and temperature of welding materials. (a) Q355ND; (b) ER50-6
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Fig. 7 XRD patterns of different regions of welded joints
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Table 3 Macro morphology and related data of weld cross section under different energy ratios

Parameter

Energy ratio

0.25 0.38

0.5

Weld cross section

Width /mm 19. 56 19.69
Penetration depth /mm 17.97 16.12

19.48 19. 20 19.16
15.47 16. 10 18.15
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Fig. 11

Element distributions in the region near the fusion line. (a) Photo of the fusion line near the main arc action zone; (b) element

distribution of Fig. (a); (¢) photo of the fusion line near the main laser action zone; (d) element distribution of Fig. (c)
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