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Abstract The 3 mm thick high-strength steels are taken as test materials and the technique of fiber laser-arc hybrid
welding assisted by metal inert gas is chosen. The effects of laser power and arc voltage at welding speed of
5 memin ' on weld appearances are investigated. The comparison with those weld appearances generated in low
speed welding of thick plates is conducted. The research results show that the increases of laser power and arc
voltage can ensure the improvement of welding stability and the obtainment of good weld formation. There exist
different shallow and deep Y-type weld appearances at different heat source positions. The high-speed photography
indicates that the droplet size is relatively large in the laser leading mode. In addition, it is prone to vaporization and
explosion in the transfer process. Thus, the impact on molten pool are relatively strong. In contrast, in the arc
leading mode, the keyholes are stable. The liquid metal flows down along the keyhole walls and thus the bottom
area of molten pool increases. As for the low speed welding of thick plates, the weld appearances are not consistent
with those for high speed welding of thin plates due to the differences in welding line energy and surface tension of
workpieces.
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Table 1 Chemical compositions of high-strength steel and wire (mass fraction, %)
Material C Si Mn Ni Ti Cu Fe
HR420LA <0.1 <0.5 <1.6 <0.15 Bal.
ER50-6 0.06-0.15 0.80-1.15 1.40-1.85 <0.15 <0.5 Bal.
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Table 2 Process parameters of laser-MIG hybrid welding

Welding parameter Value
Laser power P /kW 4.2-5
Welding speed V /(memin ') 5
Wire feed speed W /(memin ') 9
Laser-arc distance /mm 4
Voltage U /V 21-30
Defocusing Af /mm -+3
Shielding gas flow rate /(L+min ') 25
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Table 3 Weld and cross-sectional appearance

Arc-leading
Weld Cross-section Weld
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Fig. 3 Effect of arc voltage on weld appearance. (a) Weld width; (b) reinforcement
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Table 4 Weld appearances at different heat source positions
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Cross-sectional appearances of weld at different heat source positions
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Fig. 4 Effect of laser power on weld appearance. (a) Laser-leading; (b) arc-leading
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Table 6 Droplet transfer images in laser-arc hybrid welding

process at different heat source positions
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Fig. 6 Effect of metal vapor on droplet transfer at different heat source positions. (a) Laser-leading; (b) arc-leading
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Fig. 7 Schematic of various forces on droplet at different heat source positions. (a) Laser-leading; (b) arc-leading
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Fig. 8 Characteristics of keyhole at different heat source positions. (a)-(d) Laser-leading; (e)-(g) arc-leading
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Fig. 9 Difference between high-speed welding of thin plates and low-speed welding of thick plates.
(a) Thick plates; (b) thin plates
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Fig. 11 Weld line scan results. (a) Arc-leading; (b) laser-leading
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